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Abstract
The ability to interoperate between systems, people, and organizations is considered 
an important issue within eHealth in order to deliver patient centered care. The 
achieving and improving of interoperability is a complex undertaking involving the 
evolution of an information infrastructure, sharing of knowledge and resources, 
governance of the interoperation between organizations, people and work practices, 
and handling of economic and legal matters. However, there is a weak scientific 
basis for interoperability, and proposed initiatives to improve interoperability 
largely lacks empirical evidence of their utility. 

This thesis contributes with practical knowledge on improving interoperability, 
based on active participation in and empirical studies of improving interoperability 
in ePrescribing. A case study is presented that describes and analyzes the evolution 
of ePrescribing in Sweden since the early pioneering years in 1980s, its growth and 
consolidation before the reregulation of the pharmacy market in 2009. The case 
study shows the importance of cooperation between the stakeholders for the growth 
and consolidation of ePrescribing, and identifies important events in the evolution 
of an advanced information infrastructure. To better understand the complexity of 
ePrescribing work practice, a practical theory on ePrescribing was developed. A 
unique field experimental study measuring improvement of interoperability in 
ePrescribing, before and after a major intervention to improve the quality of 
ePrescriptions between 2004 and 2009 is presented. The findings from the field 
experimental study showed that collective efforts to clarify and align the shared 
ePrescribing work practice and the ePrescription message contributed to 
substantially improve interoperability in ePrescribing.  

Based on the findings and knowledge gathered in the situational inquiry into the 
evolution of ePrescribing in Sweden, the improvement of interoperability, and the 
application of theories about information systems actability, communication and 
organizational theories, a practical theory on interoperation and interoperability 
aiming both towards the practice and research community is presented. 
Interoperability is seen as the exercised capability of organizations through their 
agents to interoperate in a shared work practice in an effective, efficient, and 
satisfactory manner based on a common ground in a mediated, prescriptive, and non-
personal communicative setting using an information infrastructure for mediating 
interoperation. The plausibility that the theory of interoperation and interoperability 
grounded in ePrescribing is generalizable to eHealth is analyzed.  
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1 Introduction 
1.1 Interoperability 
Interoperability is a popular catch phrase for the ability of information systems (IS) and 

organizations using information systems to interact. 

Interoperability is sometimes defined as the ability of information systems to interact 

and exchange data (IEEE [1]) and sometimes as the ability of organizations to cooperate 

and exchange data using information systems. [2-4] 

According to a report from the European Commission on eHealth, interoperable 

Electronic Health Record (EHR) systems [5] are the most important enabling tools for a 

patient centered care, for the continuity of care and for supporting patients mobility. The 

application of ePrescribing on an international level [6, 7] has focused on issues of 

interoperability on many levels, including application of ePrescribing on a local, national 

and international level respectively, involving professional, semantic, organizational and 

legal aspects. [8-10] 

Interoperability is also considered to be one of the most important issues in 

eGovernment. There are many initiatives on a European level in order to promote 

interoperability in public services and in public eHealth. [4, 11-13] Interoperability has 

also been an important issue in various branches of industry and within the military domain 

for years. 

There is a general understanding that to achieve and improve interoperability the use of 

technology is only one aspect, and that it is a complex undertaking involving among other 

things sharing of knowledge and resources, cooperation between organizations, and 

influence from policies and legal matters. Thus, interoperability is seen not only as the 

ability of information systems to interact and exchange data but also as the ability of 

organizations and individuals to interact in a meaningful way. [4, 5, 11] 



 
 

1.2 Research problem 
Standards of various kinds, controlled vocabularies, and ontologies of a domain containing 
assumed general knowledge, have been put forward as solutions to the complex problem 
of achieving interoperability. The success of applying technical standards in the 
telecommunication and computer industry, and particularly the application of standards 
making the Internet possible, have increased the hopes to master the interoperability 
challenge. The success in applying technical standards concerned with protocols for 
machine-to-machine interfaces has successively been applied to business transactions such 
as eCommerce applications for electronic ordering and invoicing, and the exchange of 
product data within various branches of industry. This approach has also been applied in 
recent years within the health care sector and in public services, where experience of 
achieving interoperability is still rare1. 

Standards have enabled a significant progress in achieving interoperability on the 
technical level. Many standards primarily support machine-to-machine interoperability 
and enable the sharing and exchange of data. Achieving interoperability is a complex issue 
also in machine-to-machine communication2, where there is room for human errors and 
different interpretations.  

However, in terms of the meaning of data and its use for action and the alignment of 
organizational processes, standards and other formal methods have showed limited 
progress in practice. The implementation of standardized vocabularies or ontologies often 
needs tailoring because of the specific use of terms in a subfield or even due to local usage. 
[19-21] [22-24] In order to understand a term it is necessary to understand its use, and 
therefore it is important to also focus on the workflows and the interacting organizational 
agents. 

Thus, there are limits to the application of standards and formal methods in solving the 
problems of interoperability. The experience of achieving interoperability is that there is 
not one single solution to the challenges. [21, 25] 

Additional complexity comes with the interaction between organizations using 
information systems.  

                                              
1 See for example a study [14] in US on the use of standard vocabularies in electronic laboratory reports 

in two states. This study showed that very few of the reports were using the mature and internationally 
recognized standard vocabularies LOINC and SNOMED CT. Instead local codes were used. See also a 
recent survey [15] in the StandIN project [16] in Sweden on the use of standards in the Swedish health 
care, which also show a low level of use of standards. Most integrations where not based on standards. 
[15] 

2 See for example the difficult process of achieving Bluetooth interoperability.[17, 18] 
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A report from the Software Engineering Institute (SEI) [25] put forwards a number of 
factors, inspired by Frederick Brooks [26], as to why it is inherently difficult to achieve 
and maintain interoperability: 

• complexity of the participating systems and the potential interaction between them; 
• lack of conformity between the human institutions involved in the software 

development process, therefore resulting in a lack of consistency in the systems 
developed; 

• changed expectations of the systems and the resulting volatility in the interactions; 
• lack of visibility of the details between the interoperating systems. 

Additional difficulties are funding and control issues that do not promote incentives for 
joint projects, as well as legal issues, particularly in eGovernment and the existence of 
different incentives and objectives of the stakeholders. 

Moreover, the interaction is not only technical but also social, involving the 
establishment and change of relations, and the use of different types of social interactions 
such as business-to-business, business-to-customer, public-to-citizen, and social actions 
such as request, offers, commitments, demands, directions, authorizations, and decrees. 

There are usually several stakeholders directly or indirectly involved or influenced by 
the interaction and there are often long chains of interdependencies between systems and 
actors. A change in one place could influence a process in another context, often with 
unforeseen consequences. 

This complexity implies that to achieve and improve interoperability all these challenges 
must be considered concomitantly and one should not be tempted to think that there is one 
single solution, a ‘silver bullet’. Instead of viewing interoperability from the point of 
departure of technology, it is necessary to start from the point of view of organizations and 
people involved using information systems. 

Thus, standards and formalism should be seen as important instruments needed to 
achieve interoperability, not as the solution. To use the formulation of a report by 
McKinsey: “Global standards could be a critical enabler to improving the safety and 
quality of patient care in a cost effective way.” [27] (our emphasis) 

1.3 Knowledge gap 
Interoperability has been addressed from many different perspectives and theories. In 
information system research the notion of interoperability has been addressed in for 
example research on information infrastructures [28] and inter-organizational information 
systems (IOS) [29, 30]. 

However, definitions of interoperability are numerous [31] and there is a weak scientific 
basis for interoperability. [32, 33] 



 
 

Another difficulty is that theoretical underpinnings and underlying assumptions are often 
not problematized and reflected upon. This has led to a fragmentation of research results 
and to difficulties to build on other researches results. [32, 34] 

Underlying assumptions on the nature of the interaction will influence the way in which 
interoperability is viewed and thereby point in a certain direction to define problems and 
their solutions. Thus, there is a gap in the theorizing about interoperability and all the 
different challenges experienced by practitioners. 

Although, there are many empirical studies on the adoption of inter-organizational 
systems and their consequences on the governance of economical transactions and 
interactions (see [30] for a review and summary of 51 empirical studies), there are few 
empirical studies [35-37] evaluating different approaches to information systems design, 
and methods and approaches for achieving, maintaining, and improving interoperability. 
There are many proposals for solutions, but there is still a lack of studies to probe their 
usefulness, adequacy and applicability.  

For example, a report by the European Commission (EC), Enterprise interoperability – 
roadmap for research, emphasized: 

“Various technologies and tools resulting from research lack follow-up beyond (further) 
research. Large question marks remain as regards the 'value' and 'impact' of the myriad of 
initiatives undertaken within the research lab, promoted by technology providers, or 
organized around groupings of companies ... Organisations lack examples of successful 
cases, best practices, and guidelines about where most value is created through Enterprise 
Interoperability.” [38] 

That important initiatives are taken by different stakeholders without a solid ground for 
their utility and applicability has implications for the practice of interoperability. It has 
also implications for research into interoperability, in the sense that a better grasp of real-
world interoperability problems and challenges could inform research about potential 
utility of different methods, approaches, and theories and need for research.  

One approach to achieve and improve interoperability has been a vision of a “big-bang” 

radically changing technology and processes to a future state of “best-practice” with a 

focus on efficiency. This change was supposed to be designed by experts and managed 
top-down without involving the knowledge of the whole enterprise. Thus, interoperability 
was seen as a big one-time investment for a new structure that would last and that the 
investment would pay off later. [36] 

However, research into the development of information infrastructures that are necessary 
for achieving interoperability, point to the need to consider the installed base and that 
development of information infrastructures are a long-term process. [39-41] 
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According to the EC roadmap for research on enterprise interoperability [38] (cited 
above), this has implications for research which should a focus on:  

• problem-solving to contribute with results that are more directly beneficial, 
applicable and easy to use; 

• public infrastructures that many stakeholders can use. 

There are efforts [3, 4, 12, 36] that aim to focus on other issues of interoperability than 
those of technical interoperability and data exchange, such as the communication of 
meaning and actions, the interoperability of processes, organizations, and the legal and 
political and financial questions related to interoperability. Although, these efforts are 
promising, conceptualizations are fragmented and ambiguous regarding how to relate 
different aspects of interoperability and how to define interoperability. 

A major reason for the fragmented view on interoperability is a lack of understanding and 
agreement on the meaning and scope of interoperability. Interoperability is often described 
as the ability of systems and organizations to interact. However, the characteristics of the 
interaction between organizations are often undefined or less developed. For this 
interaction between organizations, we3 will use the term interoperation. Interoperation 
means that actors and organizations mutually perform and coordinate their actions. How 
one define and understand interoperation and its relation to interoperability, viewed as a 
quality of interoperation, will influence one´s view of interoperability. 

1.4 Research aim 
The research presented in this thesis stems from practical involvement in design of 
information systems and problem solving related to interoperation in the context of work 
practices and inter-organizational cooperation. It is also influenced by reflections about 
the state of knowledge among practitioner and research communities. 

This thesis aims at contributing with practical knowledge for improving interoperability. 
The contribution is based on knowledge gained from active participation in and empirical 
studies of improving interoperability in ePrescribing and on theoretical reflection and 
generalization of the experiential knowledge. 

Research on interoperability has evolved from considering it mostly as a technical 
problem to be increasingly understood as a semantic and organizational problem. [4] 
Moreover, interoperability has evolved from improving business-to-business efficiency 
toward being an essential factor in innovation and change in a network economy with a 
greater focus towards evolution of information infrastructures.[37] 

                                              
3 In this thesis, we will use ‘I’ to reflect a personal engagement of the author in operational and research 

work. ‘We’ will be used as the voice of the author of this thesis. When ‘we’ means a specific group of 

people, such as me and my colleges, this will be noted. For the electronic reader, italicized links to chapters, 
sections, figures and tables are supposed to work as clickable links to that part of the document. 



 
 

This implies that the context of interoperation is complex and there is a need of 
integrating research results from several different research fields. There is a lack of 
theoretical [32, 33] understanding of the implications of this evolution for proposed 
approaches, methods and solutions to achieve and improve interoperability. 

Thus, another aim with this thesis is to contribute with a practical theory on 
interoperation and interoperability, empirically grounded in the practice of improving 
interoperability in ePrescribing and theoretically grounded in theories about information 
systems, information infrastructures, work practices, network organizations and 
communication. 

1.5 Outline of thesis 
Chapter 2 Interoperability, information infrastructures, work practices, and standards 
introduces and discusses interoperability and related concepts. The chapter is a result of a 
literature review with a particular focus on different definitions of interoperability and 
related research fields. 

One important research field relevant for interoperability concerns design theories on 
information infrastructures. Standards, which are key enablers for interoperability, will be 
briefly discussed. Standardized vocabularies and terminology research are reviewed. The 
aim of the chapter is to introduce some central concepts to facilitate the reading of the 
thesis. 

Chapter 3 Methods of inquiry contains a discussion on the methods of inquiry used and 
considered in this thesis. An important aspect of the research has been the role of the 
researcher as an insider, actively participating in and contributing to the practice. 

Chapter 4 Implementing ePrescribing in Sweden – case study contains a retrospective 
case study of the history of implementing ePrescribing in Sweden. The case study 
introduces ePrescribing for the following chapter’s 5 and 6. The case study is based on 
interviews with key stakeholders in the implementation process and on internal project 
material, published accounts, reports and legislations. The case study findings are 
discussed from the point of view of influencing factors on the implementation process and 
the evolution of an information infrastructure for ePrescribing. 

Chapter 5 Improving interoperability in ePrescribing – a field study is a summary of a 
field experimental study evaluating an intervention to improve interoperability in 
ePrescribing. This chapter is based on two published papers, Interoperability in Action – 
the case of electronic prescribing [9] and Improving Interoperability in ePrescribing [8] 
with additional reflections on design decisions made and on the joint actions of the 
stakeholders to improve interoperability. 

Chapter 6 A practical theory on ePrescribing analyze ePrescribing in more depth using 
practical theories to analyze and conceptualize the ePrescribing work practice. The multi-
functionality of the ePrescription message is described using a socio-pragmatic theory. 
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The ePrescribing process is viewed from a regulatory and communication exchange 
perspective using other practical theories. The result of this analysis is conceptualized in 
a practical theory on ePrescribing. The chapter is based on the published paper Towards a 
socio-pragmatic understanding of ePrescribing. [42] 

Chapter 7 Context of interoperation and interoperability contributes with a theoretical 
background to the theory on interoperation and interoperability presented in chapter 9. 
This chapter discusses different views on information systems, theories of language, 
meaning theories, communication quality, information infrastructures, the role of 
messages, and the settings of communication in interoperation. The chapter concludes 
with a definition of interoperation and interoperability. 

Chapter 8 Interoperation, governance, and collective action analyze and defines central 
concepts such as the notion of governance, governance mechanism, and collective action. 
It includes an example of collective action in implementing a vertical standard 
(ePrescription in Sweden) and a short description of existing models of IT governance and 
IT service management and how they relate to and can contribute to a shared network 
governance. 

Chapter 9 A practical theory on interoperation and interoperability presents the theory 
based on the previous chapters 4, 5, 6, 7 and 8. The theory is grounded in the experience 
from improving interoperability in ePrescribing (4, 5, 6,) and on a theoretical grounding 
in information systems and communications theories (7), and on theories of governance 
and collective action (8). 

Chapter 10 Conclusion, contributions, generalizability, and future research summarizes 
the findings and contributions to research and practice, and discusses their generalizability 
to other cases and the utility of the practical theory on interoperation and interoperability. 
The chapter concludes with questions for future research.  
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2 Interoperability, information 
infrastructures, work practices, 
and standards 

This chapter will introduce and discuss the concept of interoperability and related fields. 
An important research field relevant for interoperability is that of design theories on 
information infrastructures. Research on work practices and the link to information 
infrastructures are reviewed. Then, standards, standardized vocabularies and 
terminologies, key enabler for interoperability, are reviewed. This chapter is a result of a 
literature review (see section 3.7.2). 

2.1 Interoperability concepts and 
frameworks 

In section 1.3 Knowledge gap, we noted that there are many definitions of interoperability. 
In this section, we will give an overview of different definitions of interoperability. How 
you view and define interoperability will imply how interoperability problems are 
conceived and how they could be approached and be resolved. [43] The definition will 
influence what solutions or remedies to propose, who and what resources are to be 
involved, what goals to be met, and how systems are to be designed, implemented, used 
and maintained.  

Interoperability is a concept that has been defined and used in many different ways. Some 
studies have found more than 30 different definitions of interoperability. [31] 
Interoperability has been the focus of many different application contexts. Interoperability 
appears to have been first used in the military domain in the 1970s, and later used in 



 
 

application of information and communication technology (ICT4), and lately in 
applications in domains like public services, eHealth and enterprise interaction. This 
section analyzes the concept of interoperability and different interoperability frameworks 
are presented. 

 Interoperability in the military domain and 
public safety 

Public safety, related to events of natural catastrophes like flooding, tsunamis, fires et 
cetera, has put more focus on interoperability: 

“ … effective interoperability can save lives, improve response capabilities and save 

billions of dollars.” [44] 

Warfare has become more complex with the introduction of new weapon systems and 
ICT, but also a result of war being conducted with forces far away. This has stressed both 
the need for technical ability to exchange data and the need to handle the social aspects 
and processes involved in conducting military operations. [45] 

Since about the late 1960s, interoperability has been used as a concept to deal with 
particular problems in the military domain. In 1977, the Department of Defense (DoD) in 
the United States published a directive which provided the definition of interoperability 
that has become the most accepted in the military domain and which probably dates back 
to 1967 [1], when the first version for the DoD Directive 4630.5 was published: 

“E2.1.14. Interoperability. The ability of systems, units, or forces to provide data, 

information, materiel, and services to and accept the same from other systems, units, or 
forces and to use the data, information, materiel, and services so exchanged to enable them 
to operate effectively together. IT and NSS interoperability include both the technical 
exchange of information and the end-to-end operational effectiveness of that exchange of 
information as required for mission accomplishment. Interoperability is more than just 
information exchange. It includes systems, processes, procedures, organizations, and 
missions over the life cycle and must be balanced with information assurance.” (our 
emphasis) [2] 

This definition is broad in the sense that it includes systems and materials as well as 
people, processes, and organizations that interoperate to achieve a certain goal effectively. 

                                              
4 The term ICT is often used to emphasize the role of information technology (IT) as an instrument for 

communication between people, organizations and within the society in general. The term is a reflection 
of the evolution since the 90s of a closer link between the computer and telecommunication industry, 
particularly with the diffusion of the Internet and mobile telecommunication. In this thesis, ICT and IT is 
used as synonyms as it has become obvious that IT no longer only has its traditional interpretation of 
storing and processing information within an organization, but is increasingly is about communication 
between people and organizations. 
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Interoperability is seen within a context of end-to-end operational effectiveness in a 
broader context of actions to accomplish certain objectives. 

Therefore, in this domain, we see a clear focus taken on social and organizational aspects 
on interoperability in which technical considerations are included. 

 Interoperability in computer and engineering 
sciences 

The Institute of Electrical and Electronics Engineers (IEEE) defines interoperability as: 

“The ability of two or more systems or components to exchange information and to use 

the information that has been exchanged.” [1] 

The IEEE definition [1] reflects a view of interoperability which limits the scope of 
interoperability to information systems and the exchange and use of information. 

There are slightly different interpretations within the software engineering community: 

“From software engineering point of view, interoperability means that two co-operating 
software systems can easily work together without a particular interfacing effort.” [46] 

This definition is somewhat broader in the sense that it does not limit itself to exchanging 
information only but includes also the interaction of services. The focus in the definition 
is still however, on interaction between systems. 

From the point of view of software engineering, it could be useful to limit interoperability 
to systems interaction. Interoperability is then used to denote a quality of an existing state 
of affairs in systems interaction. Of course, there are particular problems with this limited 
scope as it only addresses the technical issues in interaction between information systems 
and does not consider or refer to the information exchange5, as part of a communication 
between people with a certain purpose. 

The definition does not consider the pre-conditions and effects of system interaction, and 
therefore does not give any guidance as to whether the exchange of data is meaningful in 
some respect or what it means that the systems easily work together. 

However, the definition is useful if we do not include the meaningful sharing of 
information in the definition, and focus instead on technical interoperability as defined by 
the European Interoperability Framework [4]: 

                                              
5 When the term information is used in this context, it seems to be synonymous with data. However, it 

is unclear what actually is meant by information. See chapter 7 for a discussion of the concept of 
information and meaning. 



 
 

”… covers the technical aspects of linking information systems. It includes aspects such 

as interface specifications, interconnection services, data integration services, data 
presentation and exchange, etc.” 

Note that in this quotation the term information is not used, instead the term data is used 
to denote what is exchanged. It is not clear what the definition by the IEEE mean by 
information and information exchange. If information denotes the meaning of data, the 
definition seems to assume that information is contained in what is exchanged and not 
something that belongs to the intention and interpretation of the participants.  

Even at this technical level of interoperability, there are legal, organizational and 
semantic issues involved. For example, the interface specification must include a formal 
description of the data format exchanged, and this must be based on a mutual agreement 
between the communicating parties about the content of the communicated messages or 
services. Furthermore, the type of processes and objectives of the communication has a 
strong influence on for example the choice of communication protocols or service level 
agreements. 

 Interoperability in public services 
One important source of a definition of interoperability in public services is the European 
Interoperability Framework (EIF) [4]. In version 2.0 of the EIF, interoperability is defined: 

“Interoperability, within the context of European public service delivery, is the ability of 

disparate and diverse organizations to interact towards mutually beneficial and agreed 
common goals, involving the sharing of information and knowledge between the 
organizations, through the business processes they support, by means of the exchange of 
data between their respective ICT systems.” 

This definition has evolved since the EIF version 1 [3]. In a draft document published 
for public comments to the EIF 2.0, referring to an earlier version [47], it is stated: 

“Since that time, the appreciation of additional aspects of interoperability, encompassing 

more than just the ability of ICT systems to exchange data leads us to consider a more 
general view of interoperability as the ability of disparate and diverse organizations and 
systems to work together efficiently towards mutually beneficial common goals.” 

Furthermore, in the draft to the EIF 2.0, the following reflection was made (although it 
did not become part of the final EIF 2.0 [4]): 

”It is also worth noting that interoperability is neither ad-hoc, nor unilateral (nor even 
bilateral) in nature. Rather, it is best understood as a shared value of a community.”[47] 
(our emphasis in italics) 

There is an explicit move from a technical focus on interaction and interoperability 
towards communication between people and processes. However, what this ‘shared value 

of a community’ means is not developed further. 
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 Enterprise interoperability 
Enterprise interoperability is another concept and view of interoperability that focus on 
the interaction between enterprises. This approach to interoperability stems from industrial 
engineering and management research. An enterprise is defined as “one or more 

organizations sharing a definite mission, goals and objective to offer an output such as a 
product or a service.” (Quoted from [48] referring to ISO 15704) 

This focus on enterprise interoperability is influenced by interoperability frameworks 
develop in EU projects such as IDEAS6, ATHENA7 and INTEROP8. These frameworks 
are developed in research sponsored by the European Commission fifth and sixth 
framework program. (confer Chen et al [48] for an overview of the historic background. 
See also [32]) 

IDEAS interoperability framework has three layers [48]: 

Business layer interoperability is the organizational and operational ability of an 
enterprise to interoperate with other enterprises. 

Knowledge layer interoperability is the compatibility of skills, competencies and 
knowledge assets of an enterprise in relation to other enterprises. 

Information and Communication Technology (ICT) systems layer interoperability is the 
ability of the enterprise´s ICT systems to cooperate with external organization ICT´s. 

The ATHENA interoperability framework [48], seen as a complementary to the IDEAS 
framework, is about structuring different sources of results (research, applications and 
techniques) 

The INTEROP [48] framework has the purpose to define research domains of enterprise 
interoperability. 

One paper addressing the scientific basis for enterprise interoperability defined 
enterprise interoperability as: 

“ … the capability of two or more enterprises, including all the systems within their 
boundaries and the external systems that they utilize or are affected by, in order to 
cooperate seamlessly, over a sustained period of time to pursue a common objective.” [33]. 

                                              
6 IDEAS (Interoperability Developments for Enterprise Application and Software – roadmaps): 

http://cordis.europa.eu/project/rcn/63037_en.html 

7 ATHENA (Advanced Technologies for Interoperability of Heterogeneous Enterprise Networks and 
their Applications): http://cordis.europa.eu/pub/ist/docs/directorate_d/ebusiness/athena.pdf 

8 INTROP (Interoperability research for networked enterprises applications and software): 
http://cordis.europa.eu/project/rcn/71148_en.html 

 



 
 

This definition is close to the view of the EIF framework (see above). 

 Interoperability in eHealth 
Definitions of interoperability within the eHealth field are in most cases developed from 
the IEEE definition. [1] An ISO standard in Health Informatics, defines interoperability in 
the following way: 

“Interoperability refers to the ability of two or more systems (computers, communication 
devices, networks, software, and other information technology components) to interact 
with one another and exchange information according to a prescribed method in order to 
achieve predictable results.” [49] 

In a report from the CEN9/ISSS eHealth Standardization Focus Group [50], referring to 

other CEN reports, interoperability is defined as: 

”… a state which exists between two application entities when, with regard to a specific 
task, one application entity can accept data from the other and perform that task in an 
appropriate and satisfactory manner without the need for extra operator intervention.” 

One interpretation of this CEN-definition is that interoperability is all about data 
exchange between systems and performing predefined operations in the system on that 
data in a formally correct way, irrespective of the organizations and people using the 
systems. It is common to use this definition of interoperability between systems or 
applications in the eHealth domain, rather than viewing information systems as an 
instrument for interaction between people and organizations. 

Much of the focus in the eHealth area is on the adoption of standards as key enablers for 
interoperability and the adoption of standardized vocabularies and ontologies. Much focus 
is on ‘semantic’ interoperability, which has a technical flavor and is limited to systems 
interaction: 

“Semantic interoperability: the ability for information shared by systems to be 
understood at the level of formally defined domain concepts.” [51] 

The concept of interoperability in eHealth, viewed as interoperability of systems, is also 
mirrored in the definition of semantic interoperability with is a view of “semantics” 

between systems, or rather semantics as a relation between “shared information” of 
systems and a formal ontology. 

In the EIF 2.0 version, the focus is much more on ‘meaning’ and ’understanding’ by the 

‘communicating parties’, while meaning and understanding in the definitions of semantic 

interoperability in eHealth tend to apply ’meaning’ and ‘understanding’ to machines and 

                                              
9 European Committee for Standardization 
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formal semantics. It is obvious that the concept of semantic interoperability is ambiguous 
and not well defined. 

We will later return to semantic issues related to the concept of semantic interoperability 
in chapter 7. 

The HL710 Interoperability Work Group [52] put forward a framework of three points; 
technical, semantic and process interoperability: 

“Technical interoperability moves data from system A to system B, neutralizing the 

effect of distance. It is domain-independent. It does not know or care about the meaning. 
One of the foundations of technical interoperability is Claude Shannon’s information 

theory. … 

Semantic interoperability ensures that system A and system B understand the data in the 
same way. It allows computers to understand, interpret, and use data without ambiguity. 
This is specific to domain and context, and usually involves the use of codes and 
identifiers. Semantic interoperability is at the core of what we usually mean by health care 
interoperability. 

Process interoperability coordinates work processes, enabling the business processes at 
the organizations that house system A and system B to work together. Process 
interoperability is achieved when human beings share a common understanding, so that 
business systems interoperate and work processes are coordinated.” [52]. 

In a report from the HL7 EHR Interoperability Work Group [43], the different points of 
view of interoperability (above) is discussed in depth. It summarizes the three different 
views as follows: 

• technical interoperability neutralizes the effects of distance; 
• semantic interoperability communicates meaning; 
• process interoperability coordinates work processes. 

The definition above defines different aspects of interoperability. It is clear from this 
definition that semantic interoperability is viewed in a narrower sense as computers 
‘understanding’ each other and that it could be separated from the actors understanding 
and work context. Interestingly, human shared understanding is on the level of work 
process coordination. Thus, this definition seems ambiguous on how it defines and relate 
semantics and understanding. 

                                              
10 Health Level Seven: http://www.hl7.org/ 



 
 

 Interoperability and related concepts 
The concept of integration is often distinguished from interoperability [13, 47, 48, 53]. 

Integration refers to a stronger cohesion of the different units of a system or organization 
where parts of systems or organizations work as a coherent unit. Interoperability, on the 
other hand, refers to a relation between different independent systems, processes and 
organizational units, often, but not necessarily, managed by different corporations or 
authorities. Another view of the distinction between interoperability and integration is that 
this distinction depends on the point of view. Viewing the systems at a distance, they seem 
to be integrated but on a closer inspection, they are considered distinct interacting systems. 
[25] 

According to the IEC TC65/290/DC [54], interoperability is defined as a degree of 
compatibility. Compatibility is defined as: 

“The application data, their semantic and application related functionality of each device 
is so defined that, should any device be replaced with a similar one of different 
manufacturer, all distributed applications involving the replaced device will continue to 
operate as before the replacement, but with possible different dynamic responses” 11(Cited 
in [46]). 

Interoperability is then defined as being:  

 “ … achieved only if the interaction between two systems can, at least, take place at the 
three levels: data, resource and business process with the semantics defined in a business 
context.” [46] 

This means that the aspect of interchangeability (replacing a device) is linked to 
compatibility but not directly to interoperability, which must be seen within a “business 

context”. 

Other definitions of compatibility concern the “technical” aspect of interoperability. [55] 

Closely related to compatibility is interconnectivity. Researchers in the transport sector 
define interconnectivity as being: 

“ … achieved when different transport systems, of either the same or different modes, 
are physically and operationally linked to facilitate transfers across the boundaries 
between different systems.”[56] 

                                              
11 An interesting idea is the concept of ”organizational compatibility”. If you use a standard as a basis 

for interaction (which also includes a certain standardized business process), it is much easier to change 
organizations in a changed business condition. This concept has been adapted in Sweden in opening up for 
competition in the pharmacy market towards hospitals and health care centers. See the adoption of SFTI 
(Single Face to Industry) (http://www.sfti.se/) by Sveriges Kommuner och Landsting (SKL) (or in English: 
Swedish Association of Local Authorities and Regions, SALAR). 

http://www.sfti.se/
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and  

“Achieving interconnectivity is a necessary preliminary step towards interoperability.” 

[56] 

In the EIF 2.0 draft [47], interoperability is distinguished from adaptability in the 
following way: 

”Interoperability is not Adaptability, which is a means of changing a tool, adding 
additional capabilities as needed even on an ad-hoc basis, whereas interoperability refers 
to inherent capabilities.” 

 Designed and ad-hoc interoperability 
There is also a distinction made between design-in and ad-hoc interoperability, where the 
last means that systems are expected to adapt to changing circumstances, which are close 
to the concept of adaptability described above, and where design-in interoperability means 
that the interoperability is fixed in design and has less flexibility concerning changes [57]. 

This raises several questions. One is how to maintain interoperability in a changing 
environment, a question that will be discussed later, while others concern the degree of 
interdependence and flexibility in interoperability. 

One way to view the degree of interdependence in interaction and which is related to the 
concept of ad-hoc or adaptable interoperability and design-in interoperability, is the 
concept of loosely or tightly coupled interaction. One can view tightly coupled systems 
(and processes) as an integration, while loosely coupled systems (and processes) can be 
regarded as an interaction rather than integration [48]. 

It is important to address which is the optimal degree of interdependence in interaction 
because there is a tradeoff between flexibility and rigidity, cost, and efficiency. See section 
2.3.3 on reflexive standardization, where standardization in a complex and heterogeneous 
environment is discussed. 

 From technical to a broader view on 
interoperability 

With the growing importance of using information technology (IT) for communication 
between organizations and people, a natural focus in the early days was on the technical 
issues of the communication. The development has been towards a better mastering of 
technology and the number of standards in the IT sector have grown. This has simplified 
communication, particularly with the advent of the internet and their accompanying 
communication protocols and data exchange standards. Accordingly, focus has become 
increasingly on the challenge to interact between organizations and people, centered on 



 
 

the requirements and changes needed (legal, organizational, semantics) to make the 
interaction work according to the actor’s purpose. [58] 

This means that the scope of interoperability has widened in order to include the purpose 
of the interaction, to involve people, work processes, and organizations, as well as 
communication technology. 

With this change to widen the scope, it seemed necessary to develop concepts to handle 
the different aspects of interoperability. First, it is possible to distinguish technical 
interoperability from other aspects of interoperability. The pioneer of Information Theory, 
C. E. Shannon, made clear that the communication problems he focused on did not include 
any semantics: [59] 

“The fundamental problem of communication is that of reproducing at one point either 
exactly or approximately a message selected at another point.” 

This means that channel capacity, the encoding and decoding of messages and sources 
of noise are interesting topics which can be analyzed mathematically. Other aspects of 
technical interoperability are linked to technical communication protocols, the reliability 
of communication, protection against data loss and corruption of data, recovery operations, 
modes and speed of communication, and type of data communicated. 

Thus, technical interoperability is an important issue in itself with ongoing international 
work to agree on new standards in protocols, formats and type of media in communication. 
This work has established processes to achieve interoperability. See for example the work 
and processes defined within telecommunication and within the W3C consortium. 

There is, of course, an interdependence between technical interoperability and the 
purpose and type of communication needed to achieve overall interoperability. [8] 

The interoperability frameworks presented below express the concern to address other 
aspects of interoperability. As interoperation is a complex phenomenon, it is not surprising 
that we see a number of concepts that analyze different aspects of interoperability. The 
frameworks discussed has evolved to handle the complexity involved in achieving 
interoperability in public administration, particularly in the European Union. 

The European Interoperability Framework (version 2.0) define an interoperability 
framework as: 

“ … an agreed approach to interoperability for organizations that wish to work together 
towards the joint delivery of public services. Within its scope of applicability, it specifies 
a set of common elements such as vocabulary, concepts, principles, policies, guidelines, 
recommendations, standards, specifications and practices.” [4] (Our emphasis) 

The EIF aims to supplement national interoperability frameworks. Here we see another 
view of the definition of interoperability that focuses on issues addressing how to achieve 
interoperability and different approaches in this achievement process. The EIF 
interoperability framework can be viewed as a framework for agreeing on governance and 
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governance mechanisms for interoperability in the long term and with a varying scope of 
applicability. See further chapter 8 Interoperation, governance, and collective action for 
an elaboration of these aspects. 

Here, we will not further discuss the details of the general frameworks for achieving 
interoperability but instead focus on EIF´s four different levels of interoperability: legal, 
organizational, semantic, and technical (see Table 1). 

Table 1 Levels of interoperability in the EIF [4]. 

Legal Alignment of legislation concerning the interaction between 
different organizations, which affects how and what can be 
communicated 

Organizational How different organizational processes are integrated and how 
information exchange is managed 

Semantic Processing information in a meaningful way, ensuring that 
information in the communicated message is precisely defined, 
agreed and understood by all the stakeholders involved 

Technical Technical prerequisites linking different systems, such as 
communication protocols, message format, services, interface 
specification. 

 

These levels of interoperability are seen as areas that must be dealt with in order to 
achieve interoperability. These levels seem not to be intended to describe a quality, but 
rather problem areas that have to be dealt with to achieve interoperability. Some scholars 
interpret these levels of interoperability as a kind of a maturity ladder. See for example the 
HL7 report [43] which discusses the full semantic interoperability as the “Holy Grail”. 

However, there is little mention of maintaining or improving interoperability in the 
literature. It is as if interoperability is something fixed and stable. This indicates that there 
is a lack of operational perspective on interoperability. 

We consider that the levels of interoperability presented in the EIF, and which are 
interpreted as problem areas to focus on in order to implement, maintain, and improve 
interoperability, make a useful starting point in analyzing different problems of 
interoperability. What is missing though is a clear definition of semantic interoperability 
and a theoretical basis for the different aspects of interoperability and how these are 
related. 

Level of 
interoperability 

Description 



 
 

2.2 Information infrastructure and 
interoperability 

To engage in interoperation, i.e. to mutually perform and control work between actors, and 
to use information systems in this interoperation, requires development and sharing of an 
information infrastructure. Hence, one very important factor in achieving and facilitating 
interoperability, which is a quality of interoperation, is the evolution of information 
infrastructures. 

Information infrastructures are networks or webs that enable locally controlled and 
maintained systems to interact, which in turn enable people and organizations to 
interoperate. They constitute a shared community of interoperation, particularly with 
many-to-many interoperations in a business sector. Hanseth and Lyytinen [60] define 
Information infrastructure as: 

“a shared, open (and unbounded), heterogeneous and evolving socio-technical system 
(which we call installed base) consisting of a set of IT capabilities and their user, 
operations and design communities.”  

Hanseth and Lyytinen categorize information infrastructures according to their scope of 
application and function. See section 2.2.1 for a summary of this categorization with 
examples from eHealth and ePrescribing in Sweden. 

In section 2.2.2, we analyze the relation between work practices, information systems 
and information infrastructures. 

In section 2.2.3, we briefly describe some features of an information infrastructure, such 
as IT capabilities, the role of institutional objects for communication and inscribed 
behavior. 

Finally, in section 2.2.4, we present some design considerations for building information 
infrastructures and discuss some of their limitations. 

 Classification of information infrastructures 
Hanseth and Lyytinen [60] propose a classification of information infrastructures based 

on their function and scope of application. 

In terms of functionality, they make a distinction between business functionality 
(application infrastructure) and infrastructure services (support infrastructure). The 
support infrastructure can be further divided into service and transport infrastructures. 
Examples of transport infrastructure are standard methods for transferring messages 
(TCP/IP, et cetera) and service infrastructure as services for addressing or accessing 
services such as Domain Name Service (DNS) or Universal Description, Discovery and 
Integration (UDDI) [61], which is a mechanism to register and locate Web services. 
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Hanseth and Lyytinen (ibid) identify three types of ‘vertical’ information infrastructures, 
based on the criteria of their scope of application or use: 

a) universal service infrastructure; 

b) business sector infrastructure; 

c) corporate information infrastructure.  

One example of a universal service infrastructure is the Internet, which is used in all 
sectors and by many types of users in the society. An example of a business sector 
infrastructure could be within the health care sector in Sweden12, which share an 
infrastructure for identifying actors (people and organizations) within health care, and 
which share of a separate communication network, and a service infrastructure for 
communication between regional health centers. 

A business sector infrastructure could enable electronic markets and collaborative 
information sharing within a business sector or among larger business communities. These 
structures typically evolve in an incremental fashion when previously unconnected 
applications are integrated. One example of this is the evolution of the information 
infrastructure for ePrescribing in Sweden (see Chapter 4 Implementing ePrescribing in 
Sweden – case study). 

Applications are viewed as a set of IT capabilities. Thus, we consider that the IT 
capabilities of an information infrastructure comprise all designed and installed 
application artefacts and their support infrastructure. We here assume that the “user” uses 
the IT capabilities to perform some work with a certain purpose within a context of an 
organization or a network of organizations. 

 Work practices, information systems, and 
information infrastructures 

In this section, we will describe the assumptions made in this thesis about work practices 
and their relations to information systems and information infrastructures. 

Work practice and information systems 
One important view in this thesis on information systems is that they exist and are used 
for communication in a work context. [62] In analyzing this context, information systems 
researchers [63] have been influenced by the notion of practice in social theory. One 

                                              
12 See Cehis 2014-02-25. URL:http://www.cehis.se/infrastruktur/. Accessed: 2014-02-25. (Archived by 

WebCite® at http://www.webcitation.org/6Ne9iLugk) for a description of this infrastructure (in Swedish). 
Cehis (2014) is a center for coordinating the health care regions efforts to develop and implement shared 
eHealth services, technical infrastructure, regulations and standards. Cehis has been merged (February 
2014) with Inera which develops and maintains eHealth services for the county councils in Sweden. 

http://www.webcitation.org/6Ne9iLugk
http://www.webcitation.org/6Ne9iLugk


 
 

important argument by Orlikowski [64] for adopting a practice ‘lens’ is that it focuses on 
the actual use of information systems in the daily practice and how this use is structured 
by rules and resources implicated in the ongoing action. Thus, the focus is not first on the 
technologies (as artefacts) in themselves but how they are used in practice, in Orlikowski’s 
words, technologies in practice. [65] 

Schatzki et al [66] develop their view of practice (from point of view of philosophy and 
sociology) in their anthology, the “The practice turn in contemporary theory”. In the 
introduction to the anthology Schatzki [67] defines a practice as: 

“… embodied, materially mediated arrays of human activity centrally organized around 

shared practical understanding.”  

In the same anthology [68] in Practice as collective action, Barnes develops the notion 
of a shared practice (which is of interest in interoperation). These shared practices are not 
a simple addition of individual practices or habits, but: 

“… the accomplishments of competent members of collectives. They are 
accomplishments readily achieved by, and routinely to be expected of members acting 
together …” [68] 

Practices are both shaped by individuals acting and by institutional norms and structures: 

“Practices are engaged in by individuals as part of the ongoing structuring processes 
through which institutions and organizations are produced and reproduced. They are thus 
both individual (because performed by actors in their everyday action) and institutional 
(because they shape and are shaped by organizational norms and structures)” [69] 

In social theory, practice is a very general term that could include different kinds of 
practices. To be useful for information systems research, it needs to be related to 
information systems as an artifact and to those kinds of practices in which information 
systems are mostly used, i.e. work practices. 

Goldkuhl and Röstlinger [63] add the dimension of work to their definition a work 
practice: 

“A work practice means that some actors make something in favor of some actors, and 
sometimes against some actors: …” [63] 

Work practices are a habitual, recurring pattern of action to produce a certain result for 
a client. Thus, there are expectations of results that are shared or agreed upon by the 
producer and the client, which implies that there is a shared purpose (explicit or implicit) 
for the work practice. In addition, producers do not create results out of nothing and there 
are certain conditions. Thus, the acting in a work practice is: 

“… initiated by assignments from some actors, and is performed at some time and place 
and in some manner, and is based on material, immaterial and financial conditions of 
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transactional and infrastructural character and work practice capability which is 
established and can continuously be changed.” [63] 

A work practice includes both transactional and infrastructural conditions for actions. 
Work practice theory has evolved as a suggestion for a theoretical foundation for 
information systems research to analyze the context of use and development of 
information systems [62] Work practice theory therefore provides a context for 
information systems, which is illustrated in Figure 1. 

Knowing how to act in a work practice and to learn from experiences is an important 
element of a work practice capability. A work practice is performed by individuals, usually 
or at least partly in an institutionalized manner. This institutionalized manner is also part 
of a work practice capability, which could either be inscribed in an information 
infrastructure behavior [70] or in the form of manual guidelines and routine descriptions. 
[63] 

 

 

Figure 1 The work practice context of an information system use, adapted from Goldkuhl [62]. 

In analyzing the context of work practices, Goldkuhl and Röstlinger [63] make a 
distinction between transactional conditions, such as product assignments and substances 
(material or informational), and infrastructure conditions, such as guidelines, norms, 
instruments, judgments, and descriptions. Goldkuhl and Röstlinger [63] add transactional 
and infrastructure concepts to their work practice theory.  

What interests us here is the relation between the transactional aspect of a work practice 
and the infrastructural conditions for its achievement. From a work practice perspective, 
it is natural to view an infrastructure as a condition, a foundation and a basis for the work 
practice, both for the short-term perspective on a transactional and operational level and 

Work practice

Information 
systemMessage Message



 
 

for its ability to perform consistently in the long term. According to Goldkuhl and 
Röstlinger infrastructure is: 

“… what is used for recurrent transactions, both for support and governance.” [63] 

 

 

 

Figure 2 The relation between work practice, transactions and infrastructure inspired by Goldkuhl and 
Röstlinger. [63] 

Figure 2 illustrates the relation between work practice, transactional process, and 
infrastructure. Seen from this perspective, an infrastructure constitutes an element or 
instrument of work practice. Note that infrastructure here [63] explicitly includes financial 
and resource assignments, which is obvious13 from a work practice perspective. The 
infrastructure supports the recurrent transaction process within the work practice. 

Thus, a transaction is the horizontal coordination and transformation activity in a process 
while infrastructure is the underlying framework, which is used for recurrent 
transactions14. [63] It is important to note that information systems are involved in both 
the transaction process and the infrastructure. 

Work practice theory focuses on the conditions for producing a product or service for a 
client. In a context of interoperation, the focus is on coordination of actions. In order to 
account for the interaction between the producer and the client, additional models have 

                                              
13It is also essential for information infrastructures, for its development and sustainability. 

14We will return to the question about the relation between process/work practice and infrastructure 
below. 
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been developed in the language action tradition, which sees the communication of 
messages not only as information or material processing but also as social acts. Such 
models are the Action Workflow [71], Business Action Theory (BAT) [72], Generic 
Exchange Model (GEM) [73], and Generic Regulation Model (GRM) [74, 75]. These 
models identify different generic phases of exchange in the dyadic interaction between the 
supplier and customer, producer and client, government and citizen, et cetera. These 
generic exchange models give an interactional perspective at the boundaries of work 
practices. See chapter 6 A practical theory on ePrescribing for an application of GEM and 
GRM to the ePrescribing process. 

Work practice theory focus implicitly on the production of value localized within an 
enterprise or organization towards external or internal clients. It does not explicitly deal 
with interoperation between distributed (across time and place) work practices. In order to 
make it a useful concept for describing context of interoperation it has to be extended and 
developed to a concept and theory of interoperation between work practices, which are 
distributed in time and place and across sector, organizational, professional, and 
geographical borders. 

Work practices and information infrastructures 
Information systems have gradually grown from being mainly isolated local systems to 
becoming one component of an information infrastructure. [76] The evolution of internet 
and use of the internet technologies have become important factors in the development of 
commerce, governance, and social life in general. The need to understand the evolution of 
information infrastructures as well as Inter-Organizational Information Systems (IOS) 
[30] and their relationship to the existing work practices and the installed base of 
information systems has prompted the development of new research agendas. [28, 30, 76] 

In discussing how research into the design and evolution of information infrastructures 
can be used to improve the design of information infrastructures in organizations, Pipek 
and Wulf define work infrastructure in the following way:  

“ … the work infrastructure of a worker or organization is the entirety of devices, tools, 

technologies, standards, conventions, and protocols on which the individual worker or the 
collective rely to carry out the tasks and achieve the goals assigned to them.” [77] 

Pipek and Wulf consider information systems as the most important and major part of 
the work infrastructure. This definition refers to an infrastructure that supports a local work 
practice or the totality of work practices of an organization. 

Hanseth and Lundberg developed a similar notion of work-oriented infrastructures and 
state that: 

“… such infrastructures are developed to support specific work tasks and practices as 

opposed to the simple and universal services provided by traditional infrastructures … (i.e. 

http://sv.bab.la/lexikon/engelsk-svensk/boundaries


 
 

electric power at a certain voltage, access to telephone networks, water in a pipe, et 
cetera).“ [78]  

Edwards et al [76] note in their introduction to a special issue on infrastructure studies 
in the Journal of the Association for Information Systems (JAIS), the tension between 
local communities and their work practices and the large scale universal infrastructures: 

“Following, describing, and mapping these bridges among various scales of 

infrastructure demand techniques of analysis that penetrate deeply into the work lives of 
organizations and individuals, rather than uncritically accepting the largest scales of 
infrastructure as the most important ones.“ [76] 

The nature and resolving of this tension will influence design considerations and the 
evolution of the information infrastructure, see below. 

In their definition of information infrastructures, Hanseth and Lyytinen do not explicitly 
deal with the relation between work practice and information infrastructure although they 
define an information infrastructure as an “ … evolving socio-technical system”. [60] 

Bowker and Star [79] developed the concept of a boundary infrastructure, which serves 
multiple communities of practice, inside or across organizations. Different communities 
of practice use boundary objects to communicate. Bowker and Star have thus a somewhat 
different view of an information infrastructure that focus more on the relation between 
communities of practice than on a traditional unitary view of infrastructure that focus on 
the tension between the local and the universal. 

Within information infrastructure research, interoperation between work practices is not 
in the foreground15. When work practices are treated, they are mostly considered as a local 
or specific phenomena. The focus is usually not on the relational aspects of the 
interoperation between work practices16, but on the tension between local work practices 
and universal infrastructure. However, the notion of the installed base in information 
infrastructure research as a sociotechnical and practice oriented concept, which includes 
work context, existing routines, skills and beliefs [39] implies a link between work 
practices and information infrastructures. See also Hanseth and Monteiro in an early paper 
[40] discussing the close relation between infrastructure and institutionalized practices.  

                                              
15 With the exception of Bowker and Star [79] that use the term communities of practice from Wenger 

[80]. 

16 With exceptions of scholars that have a relational and process oriented view of information 
infrastructures with focus in “when is an infrastructure” rather than “what is an infrastructure”: “… 

infrastructures is something that emerges for people in practice, connected to activities and structures.” 

[81] 
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 Features of information infrastructures 
In this section, we will outline some features of an information infrastructure that have 
been identified as important by different scholars. In the definition above by Hanseth and 
Lyytinen [82], an information infrastructure was seen as a “socio-technical system … 

consisting of a set of IT capabilities and their user, operations and design communities”. 

Thus, from the perspective of a socio-technical system [83] an information infrastructure 
consists of an interplay between a technical and a human system. 

Infrastructure IT capabilities 
IT capability is defined as “the possibility and/or right of the user or a user community to 
perform a set of actions on a computational object or process” [82]. 

We have already described Hanseth and Lyytinen’s [60] classification of the functional 
aspects of an information infrastructure in application and support infrastructure. In 
addition, we highlighted some key elements of this application and support infrastructure. 

In an information infrastructure, gateways are used to connect several heterogeneous 
applications and system-to-system services. [82] Edwards et al [28] claim that there is a 
need for gateways to bridge between applications with different properties in order to 
enable such applications to interoperate. Gateways permit information and functionality 
from multiple applications to be integrated. From a user or application point of view, 
gateways can be viewed as an IT capability, connecting various dispersed applications and 
work practices. Even if these gateways are developed using internet technology, their 
actual use is dependent upon and linked with, local workflows and communities of 
practice. Gateways are thus not only technology but also a choice of an agreement on 
standards for interconnection and exchange formats. Gateways are usually also linked to 
a service provider, which provide several gateway services to different customers. An 
example of this is the so called Value-added Network (VAN)17 providers that interconnect 
business partners. These types of services manage, communicate and transform business 
transaction between business parties engaged in a shared workflow. 

Thus, these types of IT-capabilities can also be viewed from work practice, 
organizational (inter or intra), and macro social level. For example, gateways or system-
to-systems services are part of a work practice interoperation between or within an 
organization or part of a larger community. These services may rely (most often) on 
internet infrastructures, based on organizational agreements between parties. 

                                              
17 A VAN is a network provider that provides network services to facilitate communication between 

companies. Initially they came into being to facilitate EDI and mail communication before the internet 
became generally available. Nowadays VAN does not only provide a technological bridge but also other 
services such as EDI mapping from applications in-house formats to business standard formats and vice 
versa, encryption, addressing services, network surveillance, backup, and reports. 



 
 

Institutional objects for communication 
One important feature of information infrastructures is that they contain and produce 
standardized (by institutions, organizations, communities) information objects and their 
identifiers.  

These objects have been referred by Eriksson and Ågerfalk [84] as "institutional objects". 
Eriksson and Ågerfalk [84] remark that identifiers in the information infrastructures are 
crucial to design. One can assume that they are also essential in the interoperation between 
work practices. In eHealth, institutional objects may include (c.f. Hanseth and Lyytinen 
[60]), disease, anatomical and drug classifications, identifiers of licensed prescribers, 
general practitioners, hospital departments, clinics, pharmacies, medical drug identifiers, 
dosage schemes, patient identifiers, and work place code. Registers of such identifiers 
must be available to information infrastructure users and must be administrated and up to 
date to avoid mistakes and errors. 

They can also be viewed as "boundary objects" for communication and cooperation, in 
the sense that they share common properties to enable communication between 
communities and at the same time can be adapted to the specific needs of the participants. 
However, they need to be stable enough to maintain a common identity cross multiple 
contexts [85]. They are important in regulating and stabilizing the interoperation between 
applications, organizations and people. According to Bowker and Star [85], boundary 
objects emerges as a result of a sustained cooperation between different communities of 
practice. Bowker and Star view the creation and management of these boundary objects 
as key activities to develop and maintain coherence between different communities that 
cooperate. 

Star and Griesemer [86] make an analytical classification of different types of boundary 
objects: repositories; ideal type; coincident boundaries; and standardized form. Cooper 
[87] analyzes the prescription as an example of a standardized form18 kind of boundary 
object.  

Standardized forms are a kind of ‘boundary’ object that are used as a method for shared 
communication across dispersed work practices. In the prescribing process, the 
standardized form is a prescription, whether in paper or electronic form. Standardized form 
as a method could be viewed as the agreed rules that regulate the content and form of the 
communicated object. The communicated object in the actual transaction will be part of 
the dynamic and evolving information infrastructure. 

                                              
18 Cooper [87] concludes the analysis of the role of the paper prescription as a boundary object in relation 

to the move to implement ePrescription in UK, by stating that “… it is suggested that technological change 

should reflect on the value of previous systems fully, including recognition of insight offered by theoretical 
insights such as boundary object status.”  
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Repositories, another type of boundary object, are typically information repositories 
containing identities for reference to information, which is an important part of the 
information infrastructure crucial for communication. 

Boundary objects enable different communities to work together without having 
consensus. They emerge for “doing things together” [88]. Thus, boundary objects are also 
linked to the requirement of different practices. 

Inscribed behavior of information infrastructure 
Different types of communication standards, from low-level machine-to-machine 
interface standards, internet standards, to Vertical Information Systems (VIS) standards, 
regulating business transactions within a business sector, are an important part of an 
information infrastructure. Hanseth and Monteiro [70] suggest that the design and 
implementation of these standards inscribe a certain a pattern of use and behavior of the 
information infrastructure. 

Based on concepts in Actor Network Theory (ATN), inscriptions refer to the way 
technological artefacts embody a pattern of use. The design of a technological artefact 
builds on an anticipation and restriction of future patterns of use, which are often described 
in scenarios of intended use. These scenarios of use are designed into applied standards 
and systems used. These designs therefore create a repertoire of behavior by the user and 
the system. 

The inscriptions designed and implemented in standards and system may be weak or 
strong. Weak inscriptions can be used in many different ways and may thus be regarded 
as flexible. Strong inscriptions restrict patterns of use and are thus regarded as inflexible. 
For example, a weak inscription in a system could demand a manual routine to regulate 
the use of the system as it is not inscribed in the technical artifact system or standard. In 
this way, inscriptions could be either technical or non-technical, depending of the division 
of the task between the user and the system. An inscription in the information 
infrastructure could be strong in some areas and weak in others and be complemented with 
manual routines. The inscription of behavior from a work practice point of view is 
particularly obvious in VIS standards. In these standards, usage scenarios and rules for 
restricting the content of communicated messages are usually defined. Other more 
technically oriented or general standards have also inscribed behavior, for instance 
identifiers like Global Localization Numbers (GLN) provided by GS1, have explicit rules 
for the assigning and changing of localization. [89] 

Inscribed patterns of behavior in technical artefacts may not be successful in actual use. 
Translation, another ANT concept, is the ability of the diverse actors with different 
interests to appropriate other actor’s interests. Therefore, the translation of the designer’s 
intent with the information infrastructure towards its intended users as well as the 
translation of different user’s intended usage of the infrastructure to other users is essential 
for a stable and predictable usage of the information infrastructure. Thus, it is possible that 



 
 

actors use the information infrastructure in heterogeneous and unpredicted ways not 
foreseen by the designer and users. This becomes even more complex in the sense that an 
information infrastructure is designed over a long period by designers with different 
interests, processes and traditions. Furthermore, the interoperation between actors from 
different business sectors, having different roles, traditions, knowledge, processes, and 
interests, adds to the complexity of translation. 

Thus, an information infrastructure encompassing actors with different functional roles 
within a business sector will be a heterogeneous assemblage of different inscribed patterns 
of behaviors. These inscriptions may be technical in the sense that they are embedded in 
the technical infrastructure and thus directly inscribed in the information infrastructure, or 
non-technical19 when embedded in the work practice and the organizations in the form of 
routine descriptions, guidelines or undocumented habitual patterns of behavior by the 
actors. 

Inscribed patterns of behavior could also be categorized in specific20 patterns and shared 
patterns (cross-functional) of behavior. It is the shared pattern of behavior that are in focus 
here, although specific patterns of behavior also influence the shared patterns. 

 Evolution and design of information 
infrastructure 

In this section, we describe some aspects of the evolution and design of an information 
infrastructure. The first part describes the different phases in the evolution of an 
infrastructure, which can be seen as a socio-cultural evolutionary process. The later refers 
to a design theory developed by Hanseth and Lyytinen [60, 82], which focuses on design 
guidelines that will promote growth and adaptability of the evolving information 
infrastructure. 

We will conclude this section by discussing the limitations of design in relation to 
infrastructure growth and consolidation.  

                                              
19 Also referred as ”manual” as they are performed or administered by human actors. 

20 With specific pattern, we mean a pattern of behavior of one part of an organization or information 
system involved in interaction with another organization/information system. This specific pattern is 
dependent on the shared pattern of behavior as well as the specific behavior of the interacting agents or 
systems. 
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Phases of infrastructural evolution 
In a general sense, technological change, as well as evolution of information 
infrastructures, can be viewed as a socio-cultural evolutionary21 process with periods of 
variation, selection, and retention. According to Anderson and Tushman [90], three major 
phases in technological change can by identified: 

1. ferment activities where new technologies or other changes create an increased 
competitive activity between different solutions, challenging the existing 
technology; 

2. selection of a dominant design paradigm or standard; 
3. retention, where incremental development of the dominant design continues until a 

new discontinuity occurs. 

Phase 2 and 3 correspond roughly to Hanseth and Lyytinen’s [60] bootstrap or growth 
phase and to Edwards et al [28] consolidation phase. 

In the growth or retention phase, according to Anderson and Tushman, a process of 
consolidation emerges in which: 

“Social structures arise that reinforce this stable state; standard operating procedures are 

predicated on the reigning technical order, organizational power structures reflect 
dependencies that are partly governed by technology, and institutional networks with 
powerful norms arise whose shape is partly determined by an industry's technical regime.” 

[90] 

Edwards et al [28] conclude that “the careful nurturance of infrastructural change, and 
attending to the tensions that emerge from it, is a managerial and political skill of the 
highest order.” 

Although the borrowing of an evolutionary metaphor for information infrastructure 
development put forward by Hanseth and Lyytinen has its merits, it would be a mistake to 
rule out the possibility of any human control (unlike in evolutionary biology) in this 
evolution. 

Therefore, with the growth and consolidation of information infrastructure operating 
procedures, organizational structures to govern and manage the infrastructure, 
implementation guidelines as well as legal and financial conditions will emerge in order 
to support growth and maintain the evolving information infrastructure. 

                                              
21 Hanseth and Lyytinen [82] adopt a theory of Complex Adaptive Systems (CAS), which have 

similarities with evolutionary theories in biology, in order to better understand the evolution and design of 
information infrastructures.  



 
 

Eriksson and Goldkuhl [91] identify the following pre-conditions for developing an e-
infrastructure in the public sector: legal, economical, organizational, and e-infrastructure 
precondition (technical, informational, and contractual). 

Design theory for information infrastructure design 
Hanseth and Lyytinen [60] claim that a basic assumption in information systems design 
theory is that the design can be made from scratch by identifying and matching specific 
user requirements into a design. This implicitly assumes that a majority of the 
requirements can be specified beforehand and that the final design is a stand-alone and 
closed artefact that follows a specific life cycle. From this point of view, design theories 
do not regard relations to other designed (past or future) artefacts or design communities 
in the environment as critical. These assumptions are particularly untenable in relation to 
the design problems of information infrastructures. Information infrastructures evolve in 
space and time and have a scope and longevity beyond designers’ own control and 
timeframe. Design boundaries for an information infrastructure and its elements are only 
partially known and controlled by the designer, and there can be multiple designers and 
designer communities. Design almost never starts in a greenfield situation, and therefore 
design requirements cannot be defined unambiguously or acquired in isolation. In contrast, 
the installed base imposes its own requirements. 

The evolution of infrastructures is both enabled and hampered by the installed base, 
comprising the existing configuration of IT capabilities (Hanseth and Lyytinen [82]). 
Newly developed IT capabilities need to be integrated into the installed base. This imposes 
constraints on what can be designed and make the design more complex. The design theory 
of Hanseth and Lyytinen [82] focuses upon how the installed base could be used as an 
enabler for promoting the bootstrapping and further development of the information 
infrastructure. The bootstrap problem is oriented towards the first stage of information 
infrastructure design. The purpose of this stage is to create a momentum of growth, and it 
includes three design principles: 

• design initially for usefulness, which guides the designers to develop a simple IT 
capability that is directly useful for a small user group; 

• build on the installed base, which guides the designers to use the installed base, 
especially the existing universal service infrastructures, as an enabler for e-
infrastructural growth; 

• expand the installed base with persuasive enrollment tactics. This means that after 
the first small user group has started to use it and find it useful, the designers have 
to focus on sustained growth. To achieve this, designers have to continuously 
persuade users to adopt the IT capability, and not add functionality that complicates 
its implementation. 

When the information infrastructure gains momentum, the designers need to guarantee 
that the information infrastructure will grow, adapt, and re-organize itself constantly. Ad 
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hoc designs, originally created for early users will now threaten to create technology traps. 
If designers continue to generate interdependent and local IT capabilities, the whole 
infrastructure will be inflexible. In contrast, if IT capabilities are organized in a modular 
fashion through loosely coupled ‘layers,’ which can change independently, this will 

generate higher component variation for successful adaptation. 

This defines the adaptation problem of information infrastructure design and the 
following two design principles offer guidance to promote modularity: 

• make the organization of capabilities simple; 
• modularize the information infrastructure. 

In the growth phase, which Edwards et al. [28] refer to as the consolidation phase, 
Hanseth and Lyytinen [82] recognize that the installed base can be an obstacle for the 
development process due to lock-in effects or technology traps, because information 
infrastructures that face early lock-in and obstacles will not scale up. Early design 
decisions based on the requirements of a small user group may later constrain expansion 
of the information infrastructure. 

Edwards et al ([28] p. 17-18) describe how the as-is infrastructure can serve as both an 
enabler and obstacle, because technological change is path dependent. Path dependency 
means that a change constraints or opens up for new possibilities. 

The installed base can be an enabler if it promotes so-called network effects, which 
means that the value of certain kinds of IT capability increases exponentially with 
widespread adoption. 

Limits of information infrastructure design 
Although Hanseth and Lyytinen adopt a socio-technical approach to information 
infrastructures (II), according to Nielsen [92], their design theory in practice tends to 
undertheorize the influence of human agency, in “portraying technology as autonomous 

by leaving developers simply with the ability to cultivate.” [92] 

Nielsen aim at “extending the evolutionary perspective on II development to also take 

into account interests, values and institutions and thus opposition, conflicts and 
contradictory forces at play in II building.” [92] 

Nielsen adopts the perspective of building information infrastructures as “evolution and 
construction” (our emphasis). Information infrastructure builders bring their own socio-
technical frameworks, nurture their assets, and bring their own process of building. 
Institutions such as “practices, organisations, authorities, laws and regulations influence 
not only the individual builders, but also the structures (and the formation of these 
structures) between the different II builders”. (ibid) 



 
 

The perspective of construction brings with it a certain control and plan to implement 
changes. Outputs are bound to be controversial and disputed, influenced by other builders, 
politics, power structures, and institutions, as well as by the installed base. [92] 

Aanestad [93] use the metaphor cultivation to balance the role of humans and 
technology. The evolution of the information infrastructure cannot be completly 
controlled, but human actors have an influence in the change process. 

Anderson and Tushman argued that: 

“Because no technology dominates all dimensions of merit, we argued that the closing 
on an industry standard is an inherently political and organizational phenomenon 
constrained by technical possibilities. The passage of an industry from ferment to order is 
not an engineering issue as much as a sociological one. Since stakes are substantial, a 
complicated array of organizational and collective forces bear on the emergence of a single 
standard.” [90] 

Pipek and Wulf [77] develop another perspective on the design of information 
infrastructures (they prefer the term ‘infrastructuring’ instead of design) to Hanseth and 
Lyytinen [60]. Pipek and Wulf do not emphasize the designer’s perspective, but instead 
view the designer as one of many roles in a process that is not mainly design driven. The 
development of infrastructure is driven by infrastructure breakdowns and user innovations. 
They argue that an infrastructure oriented view of information systems design needs to 
“focus on mapping actors and activities, to acknowledge their contributions to 

infrastructure development “. [77] 

Aanestad and Jensen [39] focus on implementation strategies for building nation-wide 
information infrastructures in health care. They contribute with a discussion on different 
implementation strategies and on the challenges in involving multiple independent 
stakeholders in infrastructure development, based on a comparison of two different cases 
in Denmark. They give interesting examples how initial approaches for realization of 
visions shapes implementation strategies. For a related topic see our discussion in section 
8.4.1 on how chosen “operational models” may influence implementation and rate of 
adoption of infrastructure for ePrescribing in US and Sweden. 

The evolution and design of information infrastructures is complex with evolutionary 
traits, in the sense that there is no overriding goal and complete rational control of the 
evolution of information infrastructures. Design strategies, the installed base and 
implementation tactics, as well as economical, commercial, institutional, political, and 
legal factors will influence the evolution. 

2.3 Standards and interoperability 
Standards are considered key enablers for interoperable systems and information 
infrastructure development [94]. Hanseth and Lyytinen [82] define standards as shared 
and agreed upon infrastructure specifications among a set of communities. ICT-standards 
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can be divided into technical (horizontal) and semantic (vertical) standards, or named 
Vertical Information Systems standards [95]. 

 Horizontal and vertical standard 
Horizontal standards, like internet related standards, convey technical specifications that 
dictate how IT capabilities should work together. These standards are important in that 
they allow for the design of interoperable modular systems. Horizontal standards can thus 
be viewed as standards that apply cross business domains or applications valid for a large 
community and wide application. Vertical Information Systems (VIS) standards, in 
contrast, prescribe information and data structures and their definitions, document formats, 
and business processes for particular domains or industries [95]. 

VIS standardization is part of the effort by different parties to enable interoperable 
business processes. Usually these parties have different roles in the business process such 
as Buyer – Supplier, or in the case of ePrescribing: Prescriber – Dispenser. This means 
also that they usually have different structures and conditions on their market [95]. 

VIS standardization vs. horizontal standardization differs. While horizontal 
standardization is often characterized by a race and competition between rival 
homogeneous groups, VIS standardization is rather characterized by collective actions 
among heterogeneous groups. Consequently, a successful development of a VIS standard 
of small homogeneous groups could meet unsurmountable difficulties in diffusion of the 
standard. Therefore, the development of VIS standards is likely to be different from the 
development of horizontal standards, in that the characteristic of their development to 
much higher degree will influence their adoption and diffusion. A fragmentation of 
competing rival efforts, something that is common with horizontal standardization, will 
probably not work in VIS standardization. Markus et al [95] make some interesting 
propositions for successful VIS standardization derived from their case study on U.S. 
Residential Mortgage Industry: 

• ensure the participation of all structurally different groups in order to meet the needs 
and demands of the interoperating processes; 

• key players in diffusing the VIS standards should be part of the standardization 
work; 

• deploy successful tactics in developing standards, that do not jeopardize prospects 
of diffusion; 

• develop simpler solution that promotes diffusion better than a technically 
complicated one. 

VIS standardization is a long-term process in which sustainability is important in the 
development, diffusion, and maintenance of a standard. Zhao et al [96] studied factors that 
contributed to the sustainability of Vertical standardization efforts in Vertical Standards 
Consortia (VSC). They propose a multi-level framework to explain characteristics that 



 
 

affect VSC sustainability on the level of member participation, characteristics of the 
consortia, and the industry sector. 

The key role of standards as the enabler for information infrastructure design have also 
been acknowledged in the eGovernment literature. It is common that so-called 
interoperability frameworks (in a certain domain such as eGovernment and their 
geographical/regional context) refer to their own technical standards catalogue. These 
frameworks refer to basic technical and “semantic” specifications that all agencies relevant 
to the eGovernment strategy implementation should adopt [4, 97]. This could include both 
horizontal and vertical standards. 

 Predefined and emerging standards 
Standards can be divided into “De jure” (predefined) and “De facto” (emerging) standards. 

De jure standards are those developed by standardization bodies, and de facto standards 
are emerging industry standards [28]. Standards could also contribute to bootstrapping the 
infrastructure and initiating growth [82]. Standards are considered to be a very important 
mechanism for information infrastructure growth because they can produce positive 
network effects. The value of a standard depends on the number of users (organizations, 
people) that have adopted it, and the more users there are the more valuable the standard 
becomes, which in turn leads to increased adoption that further increases its installed base. 

The important role of standards as a key enabler for information infrastructure 
development also explains why standards research constitutes a major part of information 
infrastructure research (c.f. [28, 79, 95, 98]). Problems and obstacles related to vertical 
standards implementation have however been recognized. See for example Hanseth and 
Monteiro [41, 70] and Markus [95]. 

A quote from Libicki [99] can illustrate the difficulty of implementing standards: 
“Information technology standards have been touted as a means to interoperability and 
software portability, but they are more easily lauded than built or followed”. In particular, 
the development and implementation of predefined vertical standards have proven to be a 
tedious, costly and failure prone process. Damsgaard and Truex [100] claim that pre-
defined semantic standards with their enforced grammar could be seen as “procrustean 

beds”22, and thus incapable of resolving the trade-offs between global and local 
requirements. 

Lyytinen and Damsgaard [101] have criticized the diffusion of innovation theory (DOI) 
in missing important factors in the diffusion of complex networked IT solutions. Vertical 
standards can be viewed as complex networked IT solutions. These standards are inter-
organizational in nature and require considerable alignment of procedures and policies. 
Their implementation and operation requires considerable skills and expertise and they 

                                              
22 According to Greek mythology, Procrustes, a son of Poseidon, was a rough smith that cut peoples’ 

legs in order for them to fit an iron bed. 
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rely on a complex network technology and on VAN providers. The standards also need an 
institutional regulation. Therefore, a diffusion of innovation theory must take into account 
the complex nature of this technology and its standards, and focus on the roles of 
institutional bodies and key players, as well as process features in the diffusion. Lyytinen 
and Damsgaard [101] calls for a diffusion of innovation theory that has multiple 
perspectives.  

 Vertical standards for business processes, 
reflexive standardization, and standardized 
vocabularies 

Developing and implementing message standards for business processes (Vertical 
standards) and of standardized vocabularies are very important for achieving 
interoperability. In this section, we will discuss some challenges in the development and 
application of standards and standard vocabularies, taking examples from the eHealth 
sector. 

Message standards for business processes 
Within the area of eHealth, a number of standards are available for Electronic Health 
Records or Electronic prescriptions, although they do not seem to be used very much in 
implementing eHealth solutions. However, ePrescribing in Sweden is an example of how 
a UN standard and European pre-standard have been used to implement ePrescription 
messages. Here, we will briefly describe how the standard was used to arrive at an 
agreement between the parties exchanging ePrescriptions in Sweden. (See further chapter 
5) 

As with all standards, particularly with VIS, there is a trade-off between general 
applicability and precision. This is particularly striking when it concerns heterogeneous 
domains with different sets of legal rules and work practices. One dimension of this 
heterogeneity is its scope of applicability, i.e. different levels of application: international, 
national, and business communities. This wide and varying scope of applicability has 
different characteristics in terms of the legal and political context, and the characteristics 
and culture of the business sector. Another dimension of heterogeneous domains is that 
inter-organizational interoperation is usually between different domains, and therefore we 
assume that interoperation is taking place in a shared heterogeneous domain. 

If we take, for example, a traditional eCommerce situation, there is a relative stability in 
the sequence of ordering, order response, dispatch notice and to some extent invoicing. 
However, note that when it comes to defining the content of the invoice or how to handle 
its attestation, this usually differs from country to country due to legislation on minimum 
requirements of what an invoice must contain and how attestation of an invoice should be 
done according to laws on accounting. eCommerce communication is usually an 



 
 

interoperation between different domains, and there could be different rules in each 
company about how to handle invoices and what they should contain. Another typical 
difference in the application of this type of standard is the fact that the definition and 
identification of the product to be provisioned and procured is different in each sector and 
market (national/regional/international). The development and the use of global standards 
for identifying actors and products, such as Global Localization Number (GLN)23 and 
Global Trade Item Number (GTIN) are very important, and so is the development of 
business sector standards. 

In any case, it is possible to define the content of such eCommerce transaction relatively 
generally and with good precision regarding the structure and format of data. These 
standards are however huge and it is only a minor part of the standard that is agreed upon 
in the exchange agreements of the communicating parties. Furthermore, a specific 
interpretation and application of a standard is made in designing an implementation for a 
particular region or business sector. 

Thus, there is usually a need to have guidelines and restrictions in one country, region or 
branches of industry, to limit the number of options available and make it economically 
feasible to develop information systems that could comply with a certain limited subset of 
the standards, which could be adapted to a particular exchange between the parties. 
eCommerce standards are developed over many years and imply a certain business 
process, with the intention to achieve certain common business goals. These standards are 
not simply there to enable electronic eCommerce transaction; they are also used to improve 
the work practices of the participants, for example by getting a better control of pricing, 
of what is ordered and the automatic attestation of invoices. Most of these eCommerce 
standards have been developed to a mature field with successive improvements. 

Another aspect of vertical standards is that the specification of a standard is not enough 
to completely define the standard. For example, the national standard of ePrescription in 
Sweden is a totality of specifications, implementation guidelines, implementation and test 
procedures, and application certification.  

The point here is that a standard for a message is a very useful tool on which to base the 
implementation of interoperability. In this sense, there is a gradual difference between a 
standard that is prescriptive in detail and is mandatory, and a standard that is more a guide 
for implementation. In the case of a vertical standard, it is not realistic to have a detailed 
prescriptive standard on a generic level of application, as there are so many contextual 
dependencies on a specific level of application in a business sector community. Therefore, 
these types of standards are usually developed in consortia in a business sector either 
regionally/nationally and sometimes internationally. 

Even regarding those highly technical standards (horizontal standards) that are 
applicable for a more universal use, it is common knowledge that a standard is not only a 

                                              
23 See www.gs1.com 

http://www.gs1.com/
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specification but also an implementation [102]. See for example the notion used by the 
World Wide Web Consortium (W3C) to have both specifications and “running code”. We 
recall the Architectural Principles of the Internet were the internet’s evolution:  

“… depends on rough consensus about technical proposals, and on running code.” [103] 

This is even more valid when complex vertical standards are to be implemented in 
cooperation between several organizations with different roles and work practices. 

Thus, in the case of a more mature standard that has evolved over many years in a 
consortium, it is more likely that the domain is more stable and better understood and that 
the shared process is better defined and linked to the different transactions. Moreover, the 
objectives for the different stakeholders are probably clearer. Focus is less on technology 
and more on the implementation of shared and internal processes. This is analogous to a 
consolidation phase of an information infrastructure for interoperability. 

In a novel process, combined with a greater heterogeneity across a domain, the 
implementation of standards becomes more complex as it involves a learning process and 
alignment of work practices, objectives and the installed base of information systems. This 
is analogous to the bootstrap phase of information infrastructure development. 

In any case, it is important to understand that developing standards is not the end of the 
story, but the beginning of implementing them as a common agreement between bi-lateral 
or community parties. 

Reflexive standardization and socio-technical complexity of 
standardization 
In this section, we will describe research on standardization which highlights the socio-
technical complexity and the unexpected side effects of standardization. Hanseth et al 
[104] address the question of what historical factors or events will influence the making 
of IS standards. They base their work on a three-year case study of the process of 
standardization of an electronic patient record system (EPR24) in Norwegian hospitals. 
Hanseth et al [104] adopt the concept of reflexivity from theories of reflexive 
modernization. They use the concept to highlight the fact that new actions can cause 
unexpected effects, which in turn trigger new actions with new side effects, et cetera. In 
the end, these side effects will affect the initial action; hence the term reflexivity. Applying 

                                              
24 Hanseth et al uses the term EPR, which is similar to EHR, which is an abbreviation of Electronic 

Health Record. EPR has its origin in UK and is defined by NHS (National Health Service) as the “record 

of periodic care provided mainly by an institution. Typically, this will relate to the healthcare provided to 
a patient by an acute hospital.” EHR is defined as “… the concept of a longitudinal record of patient’s 

health and healthcare – from cradle to grave. It combines both the information about patient contacts with 
primary healthcare as well as subsets of information associated with the outcomes of periodic care held in 
the EPRs. “ [105] 



 
 

this to standardization, which they see as a kind of constructing of a new order, may very 
well result in the opposite effect, undermining the initial aim with standardization. 

Hanseth et al [104] show the socio-technical complexity of IS standards and 
standardization efforts. One aspect of the complexity is the network externalities, which 
are the benefit of the increased use of standards and technologies. This can have a negative 
effect making it difficult to change in the future, as the installed base grows and many 
actors become dependent. Other aspects of this complexity are variation in the 
interconnected local work practices and organizational structures, and the heterogeneity 
of the actors involved in standardization (see above on vertical standards efforts and 
further in section 8.3 New National ePrescription Format - Vertical Information Systems 
standardization effort as collective action). To these aspects of complexity, Hanseth et al 
add the concept of reflexivity to call attention to the risk of creating disorder instead of 
order – the initial aim with standardization - particularly when standardization is applied 
in complex areas that are difficult to control. 

Standards are the products of a standardization. Hanseth et al [104] use the well-argued 
definition of standardization by de Vries, which is: 

“ ... the activity of establishing and recording of a limited set of solutions to actual or 

potential matching problems directed at benefits for the party or parties involved balancing 
their needs and intending and expecting that these solutions will be repeatedly or 
continuously used during a certain period by a substantial number of the parties for whom 
they are meant.” [106] 

In line with this definition, they view the work to create an EPR system to be used by 
several regional university hospitals in Norway as an effort of standardization. One aim 
with this work was that all information about the patient should be gathered in the EPR 
system and that the system should be one shared and integrated system for all the 
departments at a hospital. However, the joint project at the hospitals was terminated 
without achieving the initial goal. What started as a project to create an EPR system for 
university hospitals grew to a Norwegian standard, to a European and then to an 
international standard, and in the end the needs and demands of the Norwegian hospitals 
was marginalized. Thus, the scope of standardization grows with the number of parties 
involved. 

The case study also highlighted the implementation process inside the hospitals. The aim 
was to have an EPR system that would make information available anywhere and at any 
time without duplication and inconsistencies of data. The catchword was “One Patient - 
One record”. However, this ambition resulted in an increase in the fragmentation of the 
medical records that were kept in different departments. One reason for this was that some 
users felt that their local systems gave better support for their work practices and refused 
to abandon their existing systems. It was considered too complex to integrate all the 
different demands from different departments. This led to double entries of information 
and, “cut and paste” of information between systems. 
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Hanseth et al [104] view EPR standards as a complex system, which contain a large 
number of standards on very different objects. These standards embed different work 
practices25 and standardization work involves different user groups and experts. 
Furthermore, there are many links between the different elements of such a standard, 
which interact in a dynamic way, with a history, and with no clear-cut border to other 
systems. 

Considering other aspects such as project management and use of methods, Hanseth et 
al [104] claim that the main reason for the failure of the EPR standardization was “… poor 

understanding of complexity and standardization within software engineering, information 
systems, and standardization field.” [104] 

Hanseth et al [104] claim that their case represents a general class of problem that 
involves a complex interaction of information infrastructures, information processing and 
work practices. This class of problem is characterized by a high degree of heterogeneity 
and many actors involved. To this is coupled a need to coordinate and standardize the 
actor’s interdependent behaviors. 

Hanseth et al [104] do not provide any final answer for how to handle this type of 
complexity, although they do give some tentative answers. One is to avoid creating 
complex systems, as it may not be possible to manage the inherit complexity. Efforts to 
achieve “perfect order” may instead lead to increased chaos. 

They claim that there is a risk that traditional software engineering methods tend to 
underestimate complexity and overestimate the uniformity of multiple work practices, and 
thus tend to meet real complexity with simplification and abstraction. See for example the 
design metaphor26 “One patient, One Record”, which tends to focus on completeness and 
non-redundancy of information and underestimate complexity. 

Hanseth et al [104] point to the need to understand that in complex areas there is a 
multitude of “sub worlds” that are inconsistent, and that we need to be able to deal with 
these. One way is to identify these “sub worlds”. In our context, we view these as work 
practices in different communities. 

In order to deal with this complexity Hanseth et al [104] suggest that: 

“Maintaining loose coupling between the social and the technical is perhaps the most 

important strategic element. What should be avoided is embedding specific working 
practices into the standards. To do so, one needs to be well aware of the local specificity 

                                              
25 We assume different professional communities. 

26 This metaphor focuses on information processing in general and tends to view information systems as 
systems for storing, processing, retrieving and presenting information and underestimates the action 
aspects of information systems and thereby the complexity of multiple interdependent work practices. See 
chapter 7.2 Information systems and information infrastructure for our view of information systems as 
vehicle for communication and action. 



 
 

of work practices, and the fact that the practices are embedded into the technology.” (Our 
emphasis [104]) 

One can interpret this statement as aiming to separate the technical and the social. 
However, this would only move the existing complexity to the local work practices and 
their adaptive use of the technical artifact and not much would be gained in managing 
complexity. We agree that it is important not to build in specific local work practices into 
standards. The dichotomy of general and local practices assumes that the practices are of 
similar kind and that differences can be subsumed or abstracted away in a general case. 
Standardization of work practices of similar kind, which over time have developed their 
own local idiosyncratic specificities is a precondition for standardization of information 
systems. However, we see another kind of complexity in the interoperation between work 
practices of different kind in different “sub worlds” and organizations.  

Instead of separating the technical and the social, we think that one way to deal with the 
complexity is to make a loose coupling between work practices. This coupling is made 
using shared boundary objects and shared work practices. The challenge is to find the 
correct balance of what is shared and what is specific, i.e. what is to be shared and what is 
controlled by each agent’s work practice. We think the concept of a boundary 
infrastructure that Bowker and Star [85] develop describes this complexity well: 

“Any working infrastructure serves multiple communities of practices simultaneously be 
these with a single organization or distributed across multiple organizations.” [85] 

They use the example of a hospital system that has to consider both separate and 
combined needs by different professional communities at a hospital and related external 
stakeholders. To manage this situation boundary objects is used by different communities 
of practice to communicate with other practices through the information system. These 
boundary infrastructures are not perfect, they are always based on compromises and 
concessions made by different communities, but they “keep things moving along”. [85] 

The concept of a boundary infrastructure developed by Bowker and Star has advantages 
compared to a unitary view in that it considers the complexity of the interaction and the 
differences that exist between communities of practice. Star and Ruhleder [81] argue for a 
relational and process oriented view of an infrastructure. [107]: “It becomes infrastructure 

in relation to organized practices.” [81]. 

A limited focus on the tension between the specific and the generic can lead to an 
underestimation of the complexity of the interoperation of heterogeneous work practices. 
This complexity may thus be overlooked in efforts to construct unitary systems. 
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See further our conception of shared work practices and boundary objects in section 9.3 
Interoperation and interoperability in a shared work practice to analyze and identify this 
balanced loose coupling27 of work practices. 

According to Hanseth et al [104] another way to handle the socio-technical complexity 
is to limit the reach and range of the standard. Instead of a tightly coupled universal 
standard, one can reduce the complexity with several simpler loosely coupled standards. 
One way to do this is to identify the important institutional objects in an area that are used 
as boundary objects in communication between different work practices. These objects 
could then be standardized in such a way that they work as elements of coordinating and 
connecting work practices and in addition enable a certain independence of each work 
practice. See further section 9.3. 

An alternative method to reduce complexity in information systems standardization, not 
mentioned by Hanseth et al [104], is the standardization of work practices. For example, 
why have slightly different work practices for the same type of care, a work practice of 
the same kind, in one hospital and a different one in another? Differences in work practices 
may be due to individual, historical and occasional circumstances and have no rational 
motivation. Furthermore, in the situation of inter-organizational interoperation and the 
interaction between different kinds of work practices, one option to reduce complexity is 
to standardize the shared work practice into a generic work practice. See chapter 6 A 
practical theory on ePrescribing for an example of a generic work practice. 

Standardized vocabularies 
An important type of standards is standardized, controlled vocabularies or other coding 
systems within a particular domain, for example in health care and life sciences. 

One important standardized nomenclature within health care is the Systemized 
Nomenclature of Medicine (SNOMED) and SNOMED-CT, where CT stands for Clinical 
Terms. CT is a conceptually based terminology for clinical health care terminology. It 
consists of “311,000 active concepts with unique meanings and formal logic-based 
definitions organized into hierarchies.“ [109] 

Such huge vocabularies in a professional domain must imply a complex process of 
introduction, acceptance, assimilation, feedback and use in daily work practice by 
practitioners. However, reported evaluation of experience of using SNOMED CT is rare, 
as are studies of its use. There is a lack of knowledge as to whether these terminologies 
can be applied consistently. [20] Some studies of use indicate that there is great 

                                              
27 Hugoson et al [108] discuss different interoperability strategies for the agile business enterprise: 

Uniform, Intersection, Interlinking. They show that the same type of difficulties in the standardization of 
EHR systems exist in Sweden as in Norway. They suggest that the strategy on interlinking is one viable 
strategy. By interlinking they mean that interaction: “ … between different systems is carried out through 
the exchange of messages which are based on business demands.” 



 
 

heterogeneity among coders of the same controlled terminology and concludes that this is 
due to “complexities inherent in language usage” [19] and that there is a need for a 
discussion on how to better enable users of the terminology to use it in an efficient way. 
[20] 

Terminologies are important elements of standards and play an important role in 
interoperability to facilitate communication between people and systems. There is a 
discipline called Terminology, which deals with vocabulary in a specialized discourse. 

Therefore, the terminology field can be interesting and valuable to study from the point 
of view of interoperability, as interoperability between organizations, people, and systems 
occurs within a certain domain of knowledge and practice, which uses a specialized 
language.  

Another related concept is ‘corporate vocabulary’ or ‘professional vocabulary’, which 
develops within a certain profession, work or business process. Often interoperability 
between organizations also involves a cross-domain communication between 
communities which have different specialized languages and there is a need to create a 
common specialized language to facilitate communication. 

Specialized languages communities can be viewed from at least two standpoints; 
normative or descriptive. A normative view prescribes the proper use by idealized 
language users of terms in specialized languages and the descriptive view describes how 
terms are actually used28 by real users within a language community. 

Terminologies have traditionally been normative or prescriptive. In the traditional school 
of terminology, there was a strong belief in standardization in order to facilitate special 
language communication. 

The traditional school of terminology is based on a number of premises. In the Vienna 
school of terminology which has been one of the dominating schools, terminology always 
begins with the concept. This is called an onomasiological perspective. In Lexicology, two 
different perspectives for analyzing the relationship between a word and its semantic value 
are defined. A semasiological perspective starts from the word and the onomasiological 
perspective from the so-called content aspect of the sign, which is considered to be its 
meaning. However, traditional terminology sees the concept not as the subjective or 
intersubjective meaning, but view the concept as somewhat independent of language and 
context. [23] This perspective assumes that concepts exist before words and thereby 
downplaying the role of language in the process of conceptualization. Other tenets of the 
traditional school of Terminology are: 

                                              
28 This actual use of a language by real speakers is of course based on conventions and norms how to use 

the language in a community. 
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- Concepts are clear-cut and can be defined on the basis of necessary and sufficient 
conditions 

- Univocity of terms is essential for unambiguous, effective and efficient communication 

- Figurative language and change of meaning is a concern for terminology, but these are 
relegated to linguistics. [23] 

The theoretical basis for these assumptions is influenced by Saussurian structuralist 
linguistics and ‘objectivist’ philosophy. [23] 

Criticism of this approach have emerged within the terminology research community 
expressed in different branches such as ‘Social and communicative terminology theories’ 
influenced by linguistics and particularly sociolinguistics and ‘Cognitive-based 
theories of Terminology’ influenced by cognitive semantics and cognitive linguistics.[110] 

Here, we will present some of the critiques from the so called socio-cognitive approach 
[22] to terminology, developed by Rita Temmerman. 

Behind the premise that concepts are clear-cut, lies the idea of a concept field where 
relations between concepts are logically and ontologically structured according to a 
number of relations. 

Underlying this, there is an assumption that it is possible to delineate a concept by a 
number of common characteristics. This idea has been criticized by many scholars, such 
as Wittgenstein, with his notion of family resemblance and language games [111], and for 
example by the prototype theory (See Lakoff for a discussion on this topic [112]). Some 
scholars believe that the flexibility of categories is useful in communication for the 
evolution of understanding. [22] 

The univocity of terms means that each concept should only be designated by one term, 
which excludes synonymy and polysemy. The assignment of terms to concepts is a 
deliberate act of specialists and committees, which shows the strong link between 
standardization and terminology work or what Gärdenfors [113] would have considered a 
oligarchic linguistic power structure. 

It is our view that with regard to the publication of standards and terminology, the 
primarily value is not in the standards or terminologies in themselves, but their application. 
However, this is the most difficult and important step. The problem of the traditional 
approach towards terminology is that it downplays much of knowledge of how concepts 
and language actually evolve in human communication, especially by treating concepts as 
if they were independent from language and language use. For example, when studying a 
corpus of text in a specialist field such as life science, it is a fact that polysemy and 
synonymy have an important function to play in terminology. Different terms allow for 
shifting perspectives. 

The use of figurative language such as metaphors has been shown to be an important part 
of human conceptualization, and not as an exception. [114] 



 
 

Traditional terminology has a synchronic view of terms and concept systems. However, 
meaning changes over time as do the terms. Studying terminology diachronically, over 
time, is part of understanding the concepts and terms themselves. 

Rita Temmerman [23] summarizes her critique of traditional terminology in a table (see 
Table 2). 

Table 2 Temmerman’s [23] comparison between traditional terminology and the reality of terminology in 
special language in the life-sciences. 

Terminology starts from concept without 
considering language 

Language plays a role in the conception 
and communication of categories 

A concept is clear-cut and can be 
assigned a place in a logically or 
ontological structured concept system 

Many categories are fuzzy and cannot be 
absolutely classified by logical and 
ontological means 

A concept is ideally defined in an 
intensional definition 

An intensional definition is often neither 
possible or desirable 

A concept is referred to by one term only, 
which designates one concept 

Polysemy, synonymy and figurative 
language are frequent and functional in 
special languages 

The assignment term/concept is 
permanent 

Categories evolve, terms change in 
meaning, understanding develops 

 

If the premises of terminology creation are not in line with the reality of terminologies 
in a special language, the application of such a terminology will be problematic. What is 
needed is a terminology that is based on the use of terminologies in specialist languages. 
With this approach, it will be possible to base terminology work on findings from 
linguistics and cognitive psychology, such as cognitive linguistics and cognitive 
semantics. 

Such an understanding of terminology work will focus on the application and use of 
terminologies, rather than on their creation. 

2.4 Summary and conclusion 
There is no agreed definition of interoperability. The definitions vary from a narrow 
technical system-to-system focus to a broader view incorporating actors, processes, 
organizations, and legal issues. However, there is an increased understanding that 

Principles of traditional 
terminology 

Temmerman’s observations 



 

 
 

Interoperability, information infrastructures, work practices, and standards 

interoperability is not primarily a technical question; the challenge is the ability to 
interoperate between organizations and their agents. 

Interoperation between organizations is dependent on an information infrastructure. 
Information infrastructures enable people and organizations to use their locally controlled 
information systems to interoperate. Information infrastructures are open heterogeneous 
socio-technical systems consisting of application and supporting infrastructures and 
communities of operation and design. From a perspective of interoperation, information 
infrastructures are instruments for interoperation between work practices. 

A work practice is habitual recurring patterns of action to produce a certain result for a 
client. These actions are based on transactional and infrastructure conditions. A transaction 
is the horizontal coordination and transformation activity in a work practice were the 
infrastructure supports the recurring transactions. The information infrastructure supports 
both transactions and the underlying infrastructure of the work practice. 

We have identified three important features of an information infrastructure that have 
relevance for interoperation: 

• IT capabilities of an information infrastructure; 
• institutional objects that are essential in an information infrastructure, enabling 

communication between different communities; 
• inscribed behavior of the information infrastructure that influence the 

interoperation between work practices. 

The evolution and design of an information infrastructure can be considered as a socio-
cultural evolutionary process with three phases: (i) initial situation with challenges and 
opportunities to change, (ii) growth, and (iii) consolidation. In the growth and 
consolidation phase organizational structures and governance mechanisms emerges to 
manage the development and operation of the information infrastructure. 

The evolution of information infrastructures is different from traditional information 
systems in at least two major respects. Information infrastructures are always built on an 
existing installed base, and evolve during a longer time, with a wider scope, escaping the 
control of single projects, organizations, and design communities. 

Design theories for information infrastructures aim at understanding the consequences 
of these differences and at developing design principles to facilitate the growth of 
infrastructures. Some scholars tend to undertheorize the role of the human agency in the 
evolution while others claim that there is also an aspect of construction and building of 
infrastructure, and that the evolution is not only driven by technology but is also influenced 
by the actors and their contribution to infrastructure development. 

Standards are considered key enablers for interoperation between organizations and for 
the development of information infrastructures. Standards can be viewed as shared and 
agreed infrastructure specifications among a set of communities. Standard can be divided 



 
 

into horizontal and vertical standards; horizontal standards are applied cross domains 
while vertical standards are valid for a particular domain. Standards can be developed by 
standardization bodies and or can emerge as de facto industry standards. Although key 
enabler for interoperation, it is well recognized that implementation of standards is 
difficult and costly. 

Vertical standards for a domain are developed by heterogeneous groups through 
collective action. Development of vertical standards is also a matter of standardization of 
processes and identifiers of institutional objects, and the developed standards have to be 
adapted to specific situations of interoperation. Standards can range from being 
prescriptive to giving guidelines for implementation. 

Standardization can lead to unexpected results. Initially aiming at bringing order, 
standardization could instead lead to the opposite. This is called reflexive standardization, 
which means that the initial effort of standardization has unwanted side effects that 
bounces back on the initial aim. This phenomenon is due to the social-technical complexity 
of standards. 

Standardized vocabularies or terminologies play an important role for communication in 
a professional domain. The terminology research field studies the creation and use of 
specialist languages in scientific or professional communities. Efforts have been made to 
implement standardized vocabularies to improve interoperability. However, there is a lack 
of knowledge on how these vocabularies are actually used by real language users. Some 
studies indicate that there are inconsistencies in the use of such vocabularies. Research on 
terminologies has traditionally focused on the construction of vocabularies and the 
prescribed use by idealized users. There are new trends within this research field to focus 
more on the use of vocabularies by real language users. 

We have reviewed research areas related to interoperation and interoperability such as 
definitions of interoperability, information infrastructures, work practices, standards, and 
vocabularies. These research areas, except those that explicitly deals with definition and 
frameworks of interoperability, does not have interoperation and interoperability in the 
foreground. Interoperation is the implicit background to the study of information 
infrastructures, standards, and vocabularies. Some approaches to interoperability study the 
use of standards and vocabularies as enabler or solutions to interoperability. Most research 
on work practices does not take into account interoperation between work practices and 
the emergence of a shared practice. 

To conclude, we adhere to a broader view of interoperability which sees the 
interoperation between organizations and work practices as the major challenge in 
improving interoperability. We have highlighted the emergence of cross functional, shared 
work practices as the context of interoperation to which research on standards, 
vocabularies, information infrastructures and interoperability frameworks could be 
related. A theory on interoperation and interoperability should be able to integrate and 
relate to these research areas. 



 

 
 

Interoperability, information infrastructures, work practices, and standards 

These research areas, except those that explicitly deals with definition and frameworks of 
interoperability, do not have interoperation and interoperability in the foreground. Inter-
organizational interoperation is the implicit background to the study of information 
infrastructures, standards, and vocabularies as such. Some approaches to interoperability 
study the use of standards and vocabularies as enabler or solutions to interoperability. Most 
research on work practices does not take into account inter-organizational interoperation 
and the emergence of a shared work practice. 
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3 Methods of inquiry 
This chapter contains a discussion of methods of inquiry which has been used and 
considered in this thesis. The aim with this thesis is to contribute with practical knowledge 
of improving interoperability and to make a contribution to a theory on interoperation and 
interoperability. As a consequence, this thesis contains both empirical and theoretical 
work. 

One part of the empirical work has been made in the role as an insider who actively 
participated in and contributed to the work to improve interoperability in ePrescribing. 
The role of the researcher as an insider is described in section 3.1 and 3.2. The section 3.1 
Insider research, contains a more general discussion and the section 3.2 Access, pre-
understanding, and roles in relation to ePrescribing, describes the specific role and 
participation of the researcher in the operational practice of ePrescribing. 

The research approach in this study is action research and specifically practice research. 
In section 3.3 Research approach, we describe the relation between theoretical and 
empirical work and the work in an operational practice. 

In section 3.4 Grounding, warranted assertability, reliability, validity, and evaluation of 
research, different methods for grounding, assuring, and assessing quality of research is 
discussed. 

An important topic in information systems and qualitative research is the degree of 
generalizability of research results. In section 3.5 Generalizability in information systems 
and qualitative research, a brief review of different scholar’s view of generalizability is 
made. In the concluding chapter 10, the review is used for a discussion about the 
generalizability of the contributions made in this thesis. 

Research interests and research questions have evolved over time. This process is 
described in 3.6 Development of research interest, activities, and results. 

The section 3.7 Practice research in interoperability and ePrescribing contains a 
description of the domain of the inquiry, sources of evidence, and contributions made. 

 



 
 

3.1 Insider research 
An early research interest I had was how to improve the process of information systems 
development. In the 1990s, I became interested in what characterized successful 
development processes. I began to study best practices and empirical studies of product 
development within the industry, particularly in the automotive industry. My licentiate 
thesis [115] included a synthesis of factors characterizing successful product development. 
These factors were integrated into an evaluation model in order to support the self-
assessment of information systems development processes.  

In contrast to research on the product development process, which contained many 
empirical studies, I reflected on why there were relatively few studies29, which really 
describe from the inside how information systems development actually is performed30. 
One reason could be difficulties to get access to and follow real development projects over 
time. Larger information systems development projects normally extend several years 
from the initial idea to real implementation. 

When starting a research endeavor, academic researchers are equipped with general 
methods knowledge. However, it is not common to have what Gummesson [120] calls 
institutional knowledge, i.e. knowledge of the formal and informal structure and processes 
of the company, its markets and competitors, and its history and culture. For most 
academic researchers, the opportunities to apply their methods and general knowledge in 
a realistic setting, are few. It is important that the researchers can gain good access to the 
object of study and quickly acquire knowledge of the existing practices and culture. 
However, it may be the case that this will take months and even years. It is sometimes 
necessary to be involved in several projects before the researcher has a good insight and 
understanding of the situation. In particular, this is true when studying the evolution of 
information infrastructures which are stretched out in time. This is coined as the "The 
Long Now” of infrastructure evolution. [76, 121] A collaboration between researchers and 
practitioners can speed up the process of knowledge acquisition for the researcher as well 
as contribute to opportunities for reflection for the practitioner. 

Thus, one important aspect of research is the access, pre-understanding and 
understanding of the problem domain. These aspects can be defined as follows: 

                                              
29 See for example a systematic review of empirical studies in agile software development where 36 out 

of 1996 papers were regarded as empirical studies. [116] See also a recent empirical study which shows 
that very few developers actually use design models, promoted and evaluated in research, before coding. 
[117] 

30 There are a number of exceptions of course. See for example studies in participatory design [118] and 
studies in a related area to information systems developed - product development - where there are many 
empirical studies of development projects like Lean Design, Concurrent Engineering, et cetera. [115] 
Within information systems development, the situation has changed. See for example the increase of 
empirical studies in requirements engineering since 2005 [119] 
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• access is the ability of and opportunities for the researcher to come close to the 
object of study and to gain access to what is really happening; 

• pre-understanding is knowledge and insights by the researcher before the research 
or study is taking place; 

• understanding is the knowledge and insights gained by the researcher in a project 
or assignment. [120] 

Traditional research methods, which assume an outside ‘objective’ and ‘neutral’ 

observer, usually have difficulties to come close to the object of study and access the 
underlying reality. Interviews and questionnaires can easily survey an official, idealized 
reality, presented to the researchers, what Gummesson calls the ‘top of the iceberg’. [120] 

A different approach is to be interactively engaged with the studied practice to gain closer 
access to the object of study. This approach is typical of action or practice research. In this 
sense, the researcher becomes temporarily, more or less part of the object of study and is 
no longer only an outside observer. 

One strength of such an approach in information systems development research is that 
the researcher obtains experiential data (personal experience) through direct social 
interaction with other actors, for example in the process of collaboration with different 
actors in the design. Another strength of such an approach is that the actual construction 
of an IT artifact provides a direct experience and understanding of the materiality of the 
IT artifact and of the real-world conditions under which the design and construction is 
made. This type of access and experience is not possible to attain only by observing or 
interviewing someone. Such an experience is also helpful in order to understand what is 
important and what is irrelevant in the research. [91] 

It is not always possible for a researcher to invest much time and engagement in a 
research project. Researchers that are insiders or consultants with a long assignment in a 
company might have spent many years in different projects, and some consultants have 
experiences from several companies in the same branch of industry. The advantage of 
being an insider is that the researcher already has a good understanding of and most often 
good access to different parts of a company or to different work practices through their 
built-up network. 

There has been some critique of insider research within qualitative research, implying 
that the dual role of an investigator and an employee is incompatible and may put the 
researcher in a conflict of interest. However, others like Brannick & Coghlan make a case 
for insider academic research. [122] 

One critique mentioned by Brannick & Coghlan [122] is the risk of a lack of intellectual 
rigor due to the fact that inside researchers have personal stakes and have made emotional 
investments in the setting. Another argument against insider research is that the assumed 
benefit of being close to the setting also has a disadvantage in a lack of distance and 
objectivity. For Brannick & Coghlan (ibid), inside researchers are employees of the 



 
 

company. However, we think it is useful to also include certain ‘inside’ consultants, while 
not being employees, in many cases, have made the same investment in knowledge and 
understating of the company’s practices. Consultants are somewhat less dependent on the 
company investigated, while it is not unusual that consultants change company for 
different personal or professional reason now and then. 

Two different types of inquiries are described by Brannick & Coghlan [122]: inquiry 
from the outside and inquiry from the inside. 

Inquiry from the outside means that the researcher is more detached from and neutral to 
the object of study. In this type of inquiry, the researcher applies some categories before 
the study and tries to generate general context-free knowledge. 

Inquiry from the inside means that the researcher is involved in the local situation and 
generates knowledge that is emerging from experience in the local context. Usually in 
action research, the generated knowledge remains situated to the particular practice and 
not generalized, or at least there is no demand for creating generalized knowledge, as is 
made in practice research (See Goldkuhl [123]). 

Brannick & Coghlan [122] attributes different views of insider research to different 
research traditions. In the positivist tradition, insider research is not addressed at all. 
Within qualitative research, in the hermeneutic tradition or interpretative tradition, it is 
often considered as a problem to be very close to the data, while in action research, insider 
research is not seen as problematic. 

The main advantage of insider research is the direct access to the field and a developed 
pre-understanding. There are also disadvantages. Insider research can lead to making 
premature or hasty assumptions when taking more for given than an outsider would. A 
developed pre-understanding can blind the researcher for certain interpretations and facts. 

One way to manage such risks is to have regular communication with ‘outside’ 
researchers or practitioners, who could make alternative interpretations and point in 
directions that were not obvious for the participant in the practice. 

The ability of the researcher to shift focus from near to distance and back, and being able 
to reflect on the data from other points of view, is very important to mitigate the risk of 
assuming too much and being blind due to a pre-understanding that is based on a long-
time involvement in the practice. To understand what you are actually doing when doing, 
is not only a typical question for a reflective practitioner [124] but also for the inside 
researcher. 

Another challenge is the dual burden of being an active participant and at the same time 
involved in research. This can be managed by planning the research in such a way that the 
participation/practitioner role in certain moments is downplayed and the research role is 
in the foreground. 
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Another issue is whether the research is overt or covert, which could influence the 
gathering of data and pose ethical problems. One research process could consist of both 
covert and overt research as discussed by Holgersson [125] who acted as an inside 
researcher and at the same time being a police.  

One of the most difficult aspects of insider research is managing organizational politics 
and their influence on both the studied object and the research. This is also an issue 
indirectly influencing outside researchers, usually the ability to get access to the reality as 
it actually is – not as presented or prepared to suite political objectives. It has an important 
influence on both consultant insiders as well as employee insiders, were employee insider 
confronts this issue more upfront, because what they do can influence their career more 
directly. 

Brannick & Coghlan [122] conclude that the critique of insider research does not 
invalidate it as serious and rigorous research approach and is not problematic in itself.  

It is necessary to consider the strength and limits of the pre-understanding and use the 
experience and theoretical knowledge to reframe insider’s research understanding, and to 
consider the double role as researcher and practitioner, handle organizational politics, and 
be aware of the personal stakes and emotions of being an insider, whether employed or 
consultant. 

Considering these aspects, an insider researcher role has many advantages in a closer 
access to and pre-understanding of the problem domain. 

3.2 Access, pre-understanding, and roles 
in relation to ePrescribing 

The aim with this section is to describe my access to the practice studied, my pre-
understanding, and my participation in the operational practice of ePrescribing31 and my 
contributions to this practice. 

 Consultant with a research background 
Before being employed as a consultant at CGI (at that time WM-data) in the year 2000, I 
worked 12 years in an industrial research institute, SISU (Swedish Institute for Systems 
Development). My research was in information systems development and process 
improvement. As a consultant, I brought with me a researcher’s background. 

The consultant role meant initially a shift of focus; from being able to reflect and act on 
matters that were not of immediate importance for a particular client, the attention and 
energy were devoted to the client’s needs. This did not mean that the reflection stopped, 

                                              
31 For a definition of ePrescribing see 6 A practical theory on ePrescribing. 



 
 

but it was no longer the principal task. The shift of focus meant that as a consultant you 
should act first in the interest of the client. This implies to judge whether your knowledge 
or proposed actions, even if generally consider good or useful, might be too advanced or 
premature for the client for the moment. It is necessary to be very attentive to the clients’ 
understanding, needs, and objectives. This is a consultancy role which is process oriented 
in comparison with a more traditional role of being expert oriented32. For action and 
practice research, it is my view that the process role for consultants is better suited, in 
addition to its benefits for the clients. 

In 2003, I got my first assignment as a consultant in the pharmacy market. I was 
appointed to work as a service leader for ePrescriptions at the National Pharmacy 
Corporation (NPC, Apoteket AB), at that time a state-owned monopoly. An additional task 
was to make a pre-study of how to change the ePrescription format to accommodate 
demands for improvements from different stakeholders. 

I was also involved with staff activities at NPC to promote ePrescribing both within the 
pharmacy company and externally. The NPC needed to consolidate ePrescribing after the 
pioneering years and to prepare for an increase in volume from 30% to a targeted 80%. 

This involvement posed a lot of technical questions, such as upgrading of the technical 
platform for communication of ePrescriptions both externally and internally, a new central 
repository for ePrescriptions, and of developing a new national format for ePrescriptions. 

There were also many organizational questions posed, such as managing the 
ePrescription format together with the stakeholders, and external and internal operational 
governance of the ePrescription service. 

One outcome of all these questions and strivings was a joint project initiated by a number 
of regional county councils and the NPC. I was in charge, among other things, of 
documenting and defining the new national format for ePrescriptions. 

All the time, I worked as representative for the NPC in relation to the regional county 
councils. In this phase, I learned all the details of the ePrescription and the technical 
infrastructure, the support process and the internal maintenance process in relation to the 
prescription dispensing system. I was also involved in other projects at the NPC regarding 
the development of the information infrastructure for ePrescribing. In 2004, I was 
responsible for a feasibility study on implementing a national ePrescription mailbox. 
Later, I was involved in projects deliveries: requirements specifications for the national 
prescription repository and for the drug register of dispensed medical drugs (National 
Pharmacy Register [126]); formalization of prescription rules for the dispensing systems 
and control of incoming ePrescription and feasibility studies of drug-drug interaction 
services. I was also engaged in the project which transferred the information infrastructure 
from the NPC to the state-owned infrastructure company as one step in the process of 

                                              
32 See Gummesson [120] for a discussion of different consultancy roles. 
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deregulating the pharmacy market in Sweden. In this project, I was responsible for writing 
the handbook for the pharmacy dispensing process aimed at the new pharmacy chains. 

 Researcher and consultant 
In 2007, I got the opportunity, before the first implementation of the new ePrescription 
format in 2008, to get a research project funded by the NPC and my employer, with the 
aim to study the experience of implementing a new ePrescription format. I had put forward 
the idea of comparing the quality of ePrescriptions before and after the implementation of 
the new ePrescription format. 

I started to design the sampling procedure of ePrescriptions to evaluate the effects on the 
quality of ePrescriptions. In May 2008, I finally got access to one-month sample of 
ePrescriptions from production. In May 2008, I also got a research paper [42] analyzing 
the ePrescribing practice published based on an analysis made in the end of 2007. After I 
got access to the sample in 2008, I wrote the software to analyze the ePrescriptions in 
relation to the format specification and prescription rules. The analysis of this sample was 
summarized in a paper that was published in 2011. [9] 

In 2009, when the new format was implemented in production, I could order a sample 
from May 2009 to compare the results. The result from this analysis was published in 
paper in 2012. [8] This meant that the actual research started when the specification phase 
of the new ePrescription format ended in 2006, and the implementation project started, 
although reflection and a development of a research interest occurred earlier.  

ePrescribing is not only about the ePrescription message. It is a process involving 
prescribers, patients and pharmacists. After the specification of the new format was 
finished, I had the opportunity to be involved in several other parts of the ePrescribing 
process with new assignments particularly regarding the ePrescribing process at the 
pharmacy side (see above). I had at this time gathered extensive knowledge of the technical 
aspects as well as the content of the prescription and prescription rules, their use in the 
dispensing system, legal aspects, and all the organizational aspect involved in the 
ePrescribing process. I had the privilege of working with those experts at the NPC who 
had the best knowledge of ePrescribing in Sweden and I became one of the experts in 
ePrescribing. In this sense, I became a consultant insider, who had access to many primary 
sources of information, with a developed understanding of different aspects of the 
ePrescribing process. 

After my work at the NPC and for the infrastructure company responsible for the de-
regulation of the Swedish pharmacy market, I got the opportunity to work for a new private 
pharmacy corporation in the takeover of pharmacies from the state own pharmacy 
company NPC. I became responsible for the implementation of the IT infrastructure and 
was acting CIO until a CIO was employed. 



 
 

 Reflections on access, pre-understanding, and 
understanding as an inside researcher 

From 2003 until 2012, when I was engaged in different projects in ePrescribing, I had very 
good opportunities to get a deep understanding as well as a good access to both primary 
and secondary resources (documents, policies, et cetera). I acquired knowledge which 
would not have been possible to access from the outside. 

The researcher’s personal involvement in the object of study may bias the research. 
Personal stakes and emotional investment could influence the research in a certain 
direction. It was obvious that I had to be very observant on the risk of being biased in 
assessing an improvement work oneself has been involved in. There were never any 
pressures or expectations on me from the NPC on the results of the evaluation of the 
improvement project. When completing the studies of the improvement project, I was no 
longer immediately engaged in the continuation of the project. 

A second possible disadvantage of being an inside researcher is that your developed 
understanding could lead to making unreflected assumptions, obvious for an insider, but 
that could be questioned from an outside perspective. An advantage of a consultant insider 
compared to an employee insider, is that the consultant sometimes could take the role of 
questioning the old ways of working. 

Apart from trying to be as open minded as possible, I had the opportunity to get input 
from the outside during my research and also from people from the inside. In addition, 
writing research papers together with others gives valuable input and adjustment of 
personal views. I had also the opportunity to present my ongoing research at a number of 
research seminars in the VITS research group (www.vits.org). I have several times revised 
my understanding of ePrescribing in dialogue with my supervisors, other researchers, and 
former colleagues and co-writers of different papers. 

Another important influence, both challenging my understanding and opening up new 
views not reflected upon, was the use of practical theories in making a socio-pragmatic 
analysis of the ePrescribing practice. Thus, practical theories can help to question certain 
assumed beliefs, confirm and make more clearly tacit knowledge, but also point in new 
directions, gaining new knowledge. 

Thus, I have found theories very practical in analyzing a practice. Perhaps it is more 
useful for inside researchers, who have a more developed pre-understanding and more tacit 
knowledge of the practice to use practical theories to guide the analysis. The use of theories 
has contributed to deepen my understanding of the ePrescribing practice. 

Regarding the influence of organizational politics and its influence on the object of study 
and the research, although they have been present in the improvement project as always 
in such projects, I have never felt any pressure explicit or implicit to produce a certain 
result or on how to present a certain result. 
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3.3 Research approach 
The research in this thesis is a combination of action research (AR) [127] and practice 
research [128] where action research can be seen as a special kind of practice research. 
This section reviews the practice of practice research. 

 Relation between action and practice 
research 

Goldkuhl [128] points to some unresolved issues in action research. One is that there is a 
lack of focus on contribution of knowledge to the general practice community. Focus is 
on contributing to the local practice and to inform general theory. Another issue is that the 
problem-solving cycle proposed - diagnosis, action planning, action taking, evaluation, 
and learning - describes the researcher’s problem solving, not the problem owner’s 
problem solving. The latter should be more relevant. The consequence of this is an unclear 
relation between the activities of the researchers and the practitioners respectively. 
Goldkuhl proposes another view to clarify this by defining two different cycles: research 
process and problem solving cycle. The research process cycle is an iteration between 
theoretical and empirical work and the problem-solving cycle is an iteration between 
development and operational work. These are integrated in a graphical model, see Figure 
3. 

 

Figure 3 Integration of researchers and problem owners cycles inspired by Goldkuhl [128]. 
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Development work is about a purposeful change of a situation. In the context of 
information systems development, this could be a new or changed information system and 
work practice.  

Operational work is about keeping a desired situation in a controlled and stable state. In 
this context, it is about the daily operation and management of information systems and 
related work practices, which does not involve any major changes. This operational work 
can be characterized as the daily problems solving in a work practice. 

Empirical work is about collecting and organizing data for the purpose of research. It 
could be collecting and organizing data for later analysis and research, such as field notes, 
memoranda, designed or diagnosed artifacts, collecting and organizing of documents, 
minutes, et cetera. This empirical work is related to a research interest in a situation and 
not necessarily to a particular research question formulated. Empirical work could also be 
gathering and organizing of data in direct connection to a research question and specific 
inquiry. 

The empirical work is done by the researches. Both researchers and practitioners can do 
developmental and operational work. If the researcher is an insider and is involved in the 
development or operational activities, the empirical work can be done in parallel or in 
different phases of the developments or operational work, for example before, during and 
after development or operational work. 

One important part of theoretical work is about developing research interest and research 
questions. This development is not necessarily a linear process but can include multiple 
inputs from the research community or be derived from practical needs and problems in 
the situation in which the researcher is involved. 

Another essential part of theoretical work is the use and creation of abstract knowledge. 
Extant theories can be used in a situational inquiry to direct the attention towards specific 
phenomena in the situation studied or contribute to possible or alternative interpretations. 
These extant theories can thus influence the empirical work and they can be applied in a 
new situation in order to evaluate its generalizability to a situation in which it has not been 
tested before. New theories can be developed based on new empirical material and by 
incorporating parts of extant theories. Theoretical work is also about analyzing and 
improving the internal consistency of a theory. 

Within practice research, there is an interaction between empirical work and theoretical 
work. An inside researcher could for example make empirical notes and at the same time 
do a theoretical reflection related to experienced phenomena. Donald Schön develops in 
his work The reflective practitioner [124] the notion of reflection in action, where the 
practitioner simultaneously reflects and adjust in action. For a researcher, this reflection 
does not only involve reflection about practical knowledge but also a reflection in action 
around theoretical knowledge. Closely linked to reflection in action is experimentation 
[124] in the sense of doing certain action in a practice, in order to explore or arrive at a 
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certain results. This experimentation can also provide empirical material for theoretical 
work. 

Empirical work is also guided by the pre-understanding the researcher has when entering 
a situation. The experiential knowledge gained through the engagement in the situation 
will influence the researcher when making judgments about what is essential and 
important to note and gather in the empirical work. The pre-understanding will also 
influence the selection of extant theories that might be relevant to use in order to 
understand and explore the situation. 

 

Figure 4 Interaction between different perspectives of research and operational work as an inside 
researcher and practitioner. 

Argyris and Schön [129, 130] develops a concept of single- and double-loop learning. 
Briefly, single-loop learning is about choosing different actions within a view of a framed 
problem, and second-loop learning is about questioning the framing or the setting of the 
problem to find alternative actions. A researcher, which at the same time is a practitioner 
involved in these types of organizational learning, will most likely have a ‘meta’ view of 
this learning, by Argyris and Schön named ‘deutero-learning’, which is a kind of second-
order learning reflecting on single- and double loop learning. [131] 



 
 

 

Figure 5 Relationship between different modes of learning. 

Goldkuhl emphasizes the distinction between research work and operational work. 
Depending of the relation between the researcher and the research object, there is different 
degrees of proximity between research and operational work. For an inside researcher, 
these types of work are often intertwined. See Figure 6 for an illustration of the relation 
between the research practice and the work practice. 

 

Figure 6 Interdependence of research and practical work 
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The experience gained in operational work confronted with problematic situations is for 
an inside researcher the major influence for both the developmental work and for 
developing a research interest and defining explicit research questions. 

If empirical work is the more purposeful gathering of empirical data, whether it be linked 
to an explicit research question or linked to a developing research interest, there is a 
parallel process of gathering experiential knowledge and understanding of the problematic 
situation and the work practice that will influence both the theoretical and empirical work. 
This experiential knowledge and understanding of the work practice which is accumulated 
with the engagement in the situation, has a different focus for a reflective practitioner who 
is not engaged in a research practice and a reflective practitioner who is engaged in a 
research practice. The mode of reflection for an inside researcher is both directed towards 
solving a problematic situation and at the same time reflecting about the problem-solving 
activity as such. 

 Practice research 
Practice research is closely linked with Dewey´s pragmatism. For Dewey, meaningful and 
useful research should start from problems grown out of a real situation. Thus, to set up 
problem,  

”… that does not grow out of an actual situation is to start on a course of dead work, 
nonetheless dead because the work is ‘busy work’. Problems that are self-set are mere 
excuses for seeming to do something intellectual, something that has the semblance but 
not the substance of scientific activity.” [132] 

For practice research, this implies a research on practices, for their improvement and 
often made in the practice. [128].  

Goldkuhl defines a practice as follows: 

“A practice is seen as meaningful and coherent assemblage of human actors, actions, 

utterances and documents and material artifacts. Practices are often arranged with 
purposes to serve other actors outside of the practice itself. A practice is shaped by humans 
as an organized, artificial and continually evolving arrangement, enabled and restricted by 
human knowledge and financial, semiotic and material conditions.” [128] 

Practice research, which in itself is a practice, [123, 132] is divided into two sub-
practices: theorizing and situational inquiry.  



 
 

 

Figure 7 Practices research and its relation to practices and communities, from [123]. (R= Researcher, 
OR = Other researcher, P = Practitioner, OP = Other practitioner). 

In Figure 7 the different practices and communities are depicted. Research in a local 
practice is a situational inquiry. [123] A situational inquiry is concerned with a problematic 
situation in a local practice, usually in change and development (se Figure 3, where 
empirical and developmental work are joined in an action research context); it could also 
be in a diagnostic phase. A situational inquiry aims to contribute with knowledge to 
improve a local practice. It also aims at contributing with experience and findings, 
providing material for further theorizing to develop theories that could be a general 
practice contribution to the general practice community, and an abstract scientific 
knowledge contribution aimed at the research community. If it does not aim at a general 
practice contribution or a general research contribution, it cannot be qualified as a part of 
a practice research, but rather as a part of a change process, driven by internal or external 
change agents, without a scientific purpose. 

A situational inquiry is conducted by the researcher and could be a collaboration between 
practitioners and researchers. Here, we assume that a researcher also can be a practitioner, 
which is the case with an insider researcher. A situational inquiry from the practice point 
of view is an arena for practical problem solving and could generate situated knowledge 
for the improvement and change of the local practice. 

A situational inquiry can be guided by theories in order to focus the attention on certain 
phenomena [133] or to provide suggestions to explain phenomena in the local practice. It 
is also possible to evaluate the adequacy, usefulness and applicability of a theory in a 
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situational inquiry. A situational inquiry could also contribute with material to generate 
and improve practical theories. 

Theorizing activities within practice research involves the evolution of research interest 
and the generation of abstract knowledge towards different communities. The evolution 
of research interest could have several sources. 

There is a dialectical relationship between theorizing and situational inquiry in the sense 
that they mutually serve, influence and develop each other. Theories can serve to improve 
situational inquiry and the local practice as well as the situational inquiry can serve the 
theorizing in providing data for validation and revision of existing theories, and generation 
of new theories. The usefulness of abstract theories will and must be continuously tested 
and developed in situational inquiries involving researchers and practitioners. 

In Figure 3 there is a separation between theoretical, empirical, developmental and 
operational work. 

Developmental and operational work is part of a problem solving and changing activity 
in a particular situation, a work made by actors in the role of practitioners. In a situational 
inquiry conducted by a researcher, in which the researcher also is involved as a 
practitioner, the researcher as person can also have the role of a practitioner and thus 
conduct development and operational work. This work is not part of research activities 
although it can be studied from a research point of view in gathering data and developing 
understanding of a situation. 

Empirical work is data collection for theorizing work and is part of practice research in 
a situational inquiry. 

Theoretical work is generalization of findings in a situational inquiry or synthetizing and 
combining elements from other extant theories into an emergent theory, which can be 
tested in a situational inquiry. 

Type of knowledge contributions in practice research 
Practice research should aim at contributing useful knowledge to develop and improve 
practice. There are different types of knowledge contributions from practice research: 
conceptualization, explanatory, normative, diagnostic (critical or appreciative), 
prescriptive, and prospective. [123, 134] See Table 3 for a description of these knowledge 
contributions. 

  



 
 

Table 3 Type of knowledge contributions summarized from [123, 134]. 

Conceptualization Description of important actors, actions, artifacts, 
et cetera, within a practice and their relationship. 
The conceptualization helps to direct the attention 
towards important aspects of a practice, that is 
fundamental for developing knowledge of the 
practice. 

Explanatory33 Description of reasons, conditions, contexts 
explaining certain facts, circumstances or state of 
affairs in a practice. 

Normative Description of desired values, norms and 
objectives in a practice. 

Diagnostic Description of critical or appreciative aspects of 
the practice. 

Prescriptive Description of suggestions for change and actions 
to improve or achieve a work practice that meet 
the normative values. 

Prospective Description of future alternative or possible 
variants of a work practice. 

 

 Practical theory 
The concept of a practical theory as developed by Cronen [133, 135] is influenced by 
pragmatism and its view of knowledge, knowing, and inquiry. Dewey’s Logic – The theory 
of Inquiry, has influenced Cronen’s concept of a practical theory. [132] 

The concept of a practical theory is based on a view of knowledge and knowing that does 
not separate theory and practice. According to Cronen, practical theories rejects the 

                                              
33 In this thesis, we have made use of a retrospective analysis in explaining and describing the evolution 

of ePrescribing in Sweden, see chapter 4. Even if practice research aims at developing and improving 
practice, an historical account of the evolution of a practice is a valuable knowledge contribution in order 
to understand the mechanism of change and thus contribute with knowledge valuable for improving and 
change of a situation. We categorize this type of knowledge contribution as explanatory. 

 

Type of knowledge 
contribution 

Description 
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dualism of practitioner and theorist as well between professional and participant34. This 
view is shared by many other scholars such as Donald Schön [124] and Bengt Molander. 
[136] 

A practical theory should inform a ‘grammar of practice’. A ‘grammar of practice’ is 

rules for action and utterances that make sense in a situation. This elucidation of the 
‘grammar of practice’ enables the joining of grammars of others to explore new patterns 
of action. Practical theories should provide guidance to explore and explain a situation but 
also provide alternative interpretations. A practical theory should direct attention to 
“possibilities of phenomena and relationships among phenomena that might be missed.” 

[133] 

A practical theory is a generalization from one or several situational inquiries, in the 
sense that it makes general statements, grounded or warranted in a particular situation. If 
the situations or cases is representative of a kind of situation, the generalization, is 
plausible to hold for and organize a situation of a similar kind. Dewey formulates it in the 
following way in Logic: Theory of inquiry: 

“We arrive again at the conclusion that ‘induction’ is a name for the complex of methods 
by which a given case is determined to be representative, a function that is expressed in 
its being a specimen or sample case.” [132] 

and, “The outcome is generalization in the form of a nonexistential law or principle, 

which through execution of the operations it formulates, organizes existential material.” 
[132] 

A practical theory is thus “nonexistential” with instrumentalities that can formulate and 
organize “existential material” in the form of a grammar of practice. 

Thus, a practical theory is applicable for or useful in a semblance of practices of a 
particular type. Thus, it is important that a practical theory make statement on what family 
of practices it is useful to use the practical theory. [132]  

A practical theory has instrumentalities, that can be statements about principles, 
definitions, models, or methods. These instrumentalities of the theory have to prove their 
value and usefulness in the process of making judgments and the actions proposed or 
derived from the judgments and the consequences of the actions. 

According to Cronen, practical theories should lead to new possibilities and constraints 
and not deal with old, past situations. This is in line with the view of pragmatism that 
research should be made to change and make life better. 

                                              
34 This last point is important in the field of interpersonal communication and family therapy, where 

Cronen’s own Practical Theory, Coordinated Management of Meaning (CMM) is mostly used. 



 
 

Cronen has put forward four primary criteria to evaluate practical theories whether they 
are useful for,  

“… (1) identifying a situation-in-view, (2) constructing judgments (systemic hypothesis) 
about the situation that (3) implicate actions leading to (4) the consequence of improving 
the situation.” [133] 

Goldkuhl [137] has contributed with a specification of the constituents of a practical 
theory. These are summarized in Table 4. 

Table 4 Constituents of a practical theory from Goldkuhl. [137] 

Conceptualizations What phenomena exist and their properties and relations 
in the practice. 

Patterns How things may or may not work. Actions and 
descriptions of patterns of action play a central role. 

Normative criteria Goodness of things. Normative criteria can be used to 
evaluate and to design a practice. 

Design principles Ways to create good things, i.e. ways to achieve goals and 
normative criteria of the practice. 

Models Illustrative crystallization of a practical theory. 

 

A practical theory can contain all the constituent elements described. Conceptualization 
is the minimum constituent element of a practical theory. The constituents or 
instrumentalities, to use Cronen’s term, can have different forms (text, graphical, 
multimedia, et cetera), preferably accompanied with case examples to guide their use. 

3.4 Grounding, warranted assertability, 
reliability, validity, and evaluation of 
research 

In this section, we discuss some methodological concepts considered in this thesis for the 
evaluation of the quality of research results. 

 Grounding and warranted assertability 
Grounding in this thesis is justification and presenting good reasons for statements and 
theories. Goldkuhl & Cronholm has developed a multi grounded theory [138] with three 
grounding processes: 

Constituent Description 
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• empirical grounding of theories using empirical data. This grounding could include 
both to generate new theories and to ground existing theories in a new empirical 
setting; 

• theoretical grounding of a theory is a process to assess the coherence in relation to 
other relevant theories; 

• internal grounding of a theory is to assess the coherence within the theory itself, 
between its different constituent elements. 

How grounding is applied in this thesis is described in section 3.7 Practice research in 
interoperability and ePrescribing. 

In his Logic – The theory of Inquiry [132] Dewey put forward some conditions for 
grounding of theories. Theories must,  

a) be verifiable in some domain. They cannot originate from the void and they cannot 
be extended ad hoc; 

b) take account of argument, pros and cons, of other theories; 
c) be able to order and account for different statements and concepts in relation to one 

another. 

These conditions are very similar to those advanced by Goldkuhl & Cronholm in their 
multi grounded theory [138], i.e. (a) empirical grounding in some domain, (b) theoretical 
grounding in relating to other relevant theories and finally (c) internal grounding in the 
coherence of theoretical concepts.  

A very similar concept to grounding is Dewey’s notion of warranted assertability. 

For Dewey, knowledge is not something finite, not an ultimate end, but always, ‘end-in 
view’. This means that knowledge is always a product of and a closure of an inquiry and 
is never complete and is always possible to revise and refine. It has the quality that it can 
be developed, tested and possibly falsified in the next inquiry. Knowledge is thus a term 
that Dewey uses for the objective of an inquiry. For Dewey, knowledge abstracted away 
from inquiry is an empty concept. Thus, absolute objectivity or truth is not possible to 
achieve. 

For Dewey, a warranted assertion is an assertion that is linked to an inquiry, that warrants 
its assertion. Warranted assertability is as a general term for ascertained knowledge. 
Dewey prefers the term warranted assertability instead of belief or knowledge. 

 Reliability, validity, and evaluation of research 
This thesis has mixed quantitative and qualitative research methods for gathering and 
analyzing empirical data. 

Quantitative research methods use concepts such as reliability and validity in order to 
evaluate the quality of the results and their generalizability. 



 
 

Qualitative research methods have sometimes borrowed concepts from quantitative 
research. Some researchers claim these borrowed concepts are not applicable to qualitative 
research methods. [139] Others claim that it is possible to combine methods and that there 
are important advantages of mixed methods research. [140-144] 

A mixed method research can be viewed as a broad form of triangulation. It allows to 
combine research styles whose strength and weaknesses are counterbalanced.[144] 

Another advantage put forward is that mixed method research can contribute with meta 
inferences; combining quantitative and qualitative data analysis could contribute to an 
understanding, that would not be possible from point of view of one method alone. [145] 
Other possible gains of mixed methods research are described by Venkatesh et al. [146] 

In this section, we will briefly discuss issues of reliability and validity and criteria for 
evaluation of the quality of research, that are applicable to the research in this thesis. 

Reliability and validity using quantitative methods 
Reliability of a measurement or observation is often defined as the consistency and 
reproducibility of a method of measure, when it is repeatedly used measuring or observing 
different sets of data. [147, 148] Reliability is not saying anything about the nature what 
is measured, only that whatever it measures is consistent and reproducible. 

Validity can be divided in three categories35: 

• measurement validity; 
• internal validity; 
• external validity. 

Measurement validity 
A textbook in basic and clinical biostatistics defines validity as follows: 

“Validity is a property of a measurement which indicates how well it measures the 

characteristics.” [148] 

Validity is not a quality of an measuring instrument as such but the measuring instrument 
in relation to the purpose for which it is being used.[147] 

Some important types of validity in social research are: [147] 

• criterion or predictive validity is about how well a measurement will predict some 
behavior that is external to the measuring instrument itself; 

                                              
35 If there is any consensus on the concept of validity in the field of psychological test is questioned by 

scholars in the American Psychological Association. Because there is no real consensus on validity and 
there is a constant invention of new “modifying” labels of validity, some scholars suggest that it is more 

useful to talk about quality instead of validity. [149] 
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• content validity is the extent to which a measurement reflects the content of a 
domain; 

• construct validity is the extent to which a measure, based on a theoretically derived 
prediction, can predict an outcome using another measure. 

To make a judgment of the validity of a measure is to find an indication to what extent 
a measure actually measures an existing phenomenon. In social science as well as in 
information systems research, the qualities investigated usually are complex objects that 
are not directly tangible or observable. Even when judging the validity that a thermometer 
is actually measuring temperature, there is a need to compare the measurement of a 
thermometer with some other measure of temperature. In this sense, validity is usually 
connected with some method of triangulation. 

Internal validity 
Internal validity is the confidence of the inference that a covariance between independent 
and dependent variables reflects a causal relation. This means that the changes in the 
dependent variable are inferred to be caused by the independent variables.  

Internal validity can be weakened by so called confounding (hidden, not accounted for) 
variables that could have influence on the dependent variable. There can also be historical 
changes in an experiment that can influence the dependent variable. Another factor that 
can weaken the internal validity is selection bias, i.e., those different samples are not alike 
on characteristics that can influence the independent variable and therefore could explain 
some of the changes in the dependent variable. 

External validity 
External validity is the extent to which results can be generalized to other situations than 
those from which the results were generated. 

External validity is not treated further here. See section 3.5 for a treatment of 
generalizability of research results. 

Reliability and validity of practical theories 
Even if the concepts of reliability and validity have their origin in quantitative methods, 
they could have some relevance when discussing quality of practical theories, although 
with a different meaning. 

Cronen discusses these concepts [133] in terms of pragmatism and practical theories. 
Practical theories, most often, do not develop measures that can be consistently used over 
time on new sets of data. Practical theories rather deal with heuristic knowledge in order 
to make judgments of different situations that are useful for further actions. This does not 
preclude the use of quantitative measures in practical theories. In this study, we have used 
quantitative measures to inform practical theories. Glaser and Strauss view qualitative and 
quantitative data as complement, useful for mutual verification. They also give examples 
how theories can be generated using quantitative data. [150] 



 
 

Cronen develops the term inclusiveness of practical theories as an analogue to reliability. 
Inclusiveness of a practical theory means that it should be able to include new data without 
major changes. 

Dewey describes validity in the following way: 

“Validity of the principals is determined by the coherency of the consequences produced 
by the habits they articulate. If the habit in question is such as generally produces 
conclusions that are sustained and developed in further inquiry, then it is valid even if in 
an occasional case it yields a conclusion that turns out invalid.” (Our emphasis) [132] 

In this quote, Dewey seems to argue for inductive reasoning in general as a suitable 
approach and seeing validity as part of an ongoing process of inquiries. See 3.5 for a 
treatment of inductive reasoning and its relation to generalizability. 

Cronen [133] develops on the validity of practical theories in line with Dewey, in 
emphasizing the correspondence between judgments, actions implicated and the 
consequences of the actions. Cronen compares this validity with predictive validity in 
quantitative methods. In an inquiry, there is an emphasis of continually testing our 
understanding in action and evaluate the consequences. 

Quality of qualitative research 
Within the qualitative research community, the concepts of reliability and validity are 
viewed differently. Some reject these concepts altogether with the argument that they are 
based on a completely different view of knowledge and even consider quantitative 
methods incompatible with qualitative research. Quantitative purists, on the other hand 
claim that an inquiry in social science should be objective and detached from the object of 
study. [142] 

There are several efforts to redefine and define corresponding concepts to reliability and 
validity within qualitative research.  

Venkatesh et al [146] summaries examples of criteria for validity in qualitative research: 

• descriptive validity is the accuracy of what is reported; 
• credibility of the results means that they are believable from the point of view of 

the participants in the research and that alternative explanations are ruled out; 
• transferability is the degree to which the results are applicable or possible to 

generalize to other context of settings; 
• theoretical validity is the degree to which the theory fits the data; 
• dependability is about how the changes in the setting affected the way the 

researcher approached the study; 
• consistency is about logic in the process of analysis from raw data to findings; 
• plausibility is concerned about whether the findings, results or theory fits the data 

from which they are derived; 
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• interpretive validity is the degree of accuracy of the interpretation of the beliefs, 
views, thoughts, feelings, and intentions of the participants by the researcher; 

• confirmability is the degree to which the results could be confirmed or corroborated 
by others. 

Some of these criteria will be used in section 10.5 to discuss the quality of the research 
in this thesis. 

 Data generation in practice research 
Goldkuhl [151] puts forward pragmatism as an alternative to interpretivism in qualitative 
information systems research. In the interpretivism tradition, as the label suggest, the 
actors achieve understanding through interpretation of the actor’s beliefs, intentions, and 

the social process of creating meaning. In this process, the researcher can be part of this 
meaning construction but can also be an observer. 

The focus in the interpretivism tradition is often on the context of the information system 
and its relation to the context. The information system in itself, as a designed reality, is 
usually not considered. Empirical data generation is seen as part of a socially constructed 
meaning in the interaction between the participants and the researcher. Thus, the empirical 
focus is cognitive and on the participant’s beliefs. This type of research is typically used 
in field studies during a certain period. The role of the researcher is to be engaged in 
understanding. Data collection methods are focused on recording the observations in 
different ways and their interpretation using different data analysis methods. This 
methodology is well developed in for example grounded theory. [150] 

In the tradition of pragmatism, the focus is on change and actions. An inquiry is a 
controlled transformation of a problematic situation with the aim to improve the situation. 
Knowledge creation is thus in the interest of change and improvement, not merely of 
understanding, although understanding is an important part in improvement and change. 
The focus is not only on “what is” but also on “what should or might be”. Knowledge is 

an instrument for action and purposeful change. The researcher plays an active role in how 
knowledge is created where experimentation and interventions in the world is essential. 
The researcher participates in the practice studied and observes the results of different 
actions taken. The empirical focus is on actions and changes, looking for useful knowledge 
to improve a situation. Data is generated through pre-assessments of the situation, 
intervention and post-assessment of the effect of actions. The researcher is engaged in the 
change of the situation, and sometimes contributes actively to the change. 

Pragmatism applied to information systems research has a focus on the designed and 
used information system artifact itself, as well as the context, in which it is designed and 
used. The information system artifact is part of a change of a situation. The design and use 
of the artifact will also influence the beliefs of the participants, particularly when it is an 
instrument for communication between people and organizations. 



 
 

Data generation in the tradition of pragmatism in information systems research is focused 
on recording change, actions, effects and consequences, and the nature and characteristics 
of the artifact. 

3.5 Generalizability in information systems 
and qualitative research 

This section summarizes some contributions to improve the understanding of 
generalization in information systems and qualitative research. These contributions about 
different types of generalizations and criteria for reasoning about and evaluation of 
plausible generalizations will later be used to discuss the possible generalizations of the 
results in this thesis, see 10.4 Generalizability of research findings. 

The generalization of research findings and theories grounded in particular cases or 
settings to other cases and settings is of central concern for research. Dewey’s concept of 

warranted assertability of practical theories mentioned earlier is related to concepts of 
generalizations and justifications for generalizations. 

Within information systems research, as well as in qualitative research, there is a need 
to improve the understanding of generalization in order to make a critical judgment of the 
validity and usefulness of different theories and claims made for a particular domain of 
application. 

Within information systems research, Lee and Baskerville [152] have outlined different 
types of generalizations. They claim that statistical generalization is often seen as the 
model for generalization, even in qualitative research. This has led to a misapplication of 
generalization in information systems research. Lee and Baskerville define generalization 
as a process to “form general notions by abstraction from particular instances”. 

Lee and Baskerville refer to a distinction originally made by Yin [153], between level 
one and level two inferences. A level one inference is a statistical generalization from a 
sample to a population and a level two inference is made from population characteristics, 
case study findings or experimental findings to a theory. Yin name this last level analytical 
generalization36. Thus, Lee and Baskerville, in line with Yin, argue that in discussing 
generalizability of case studies, they should not be seen as samples, but rather be compared 
to experimental findings or population characteristics. Therefore, the analogy to sample 
size in statistical generalization is not adequate. Lee and Baskerville give examples from 

                                              
36 For Yin [153] is analytical generalization not only a one-directional activity but a part of a process 

were theory can be used in data collection and analytical generalization could be used to generate theories, 
and a theory could be compared with empirical result in another case study. Thus, analytical generalization 
is bi-directional between empirical findings and theoretical constructs. 
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several information systems research studies, where discussions about generalizability of 
case studies, incorrectly borrows arguments about “sample size”. 

Generalization is seen by Lee and Baskerville as synonymous to induction. They refer 
to Hume’s problem of induction, that implies that there is no logical justification for 
induction or for that matter generalization. In order to make inductive inferences one must 
always assume something that is outside the inference. When generalizing to general 
natural laws one must make the assumption about the uniformity or invariance of nature. 
For example, that the law of gravity will hold over time. Lee and Baskerville then make a 
general critique of statistical generalization based on Hume’s problem of induction, and 

claim that it cannot be a general model for generalization and therefore it is necessary to 
investigate other forms of generalizations. 

Lee and Baskerville propose a framework for categorization of different kinds of 
generalizations. [152]  

Lee and Baskervilles influential article from 2003 has been met with a critique by Tsang 
and Williams [154] with suggestions for corrections and adjustments. They agree with Lee 
and Baskerville that statistical generalization is not the general model for generalization. 
However, they disagree with the grounds that Lee and Baskerville put forward, i.e. the 
insolvability of the Hume’s problem of induction, which they suggest could lead to 
disprove generalization altogether. Tsang and Williams think that there can be a solution 
to Hume´s problem of induction, even if they do not know yet which solution. They take 
as an example the attempts made by Strawson and Reicenbach (see their appendix A of 
the paper). 

One line of argument is that there is an essential difference between deduction and 
induction, where deduction is truth preserving and induction is “… in Peirce's phrase … 
ampliative. Induction can amplify and generalize our experience, broaden and deepen our 
empirical knowledge. Deduction on the other hand is explicative. Deduction orders and 
rearranges our knowledge without adding to its content.” [155] (our emphasis in italics) 

Thus, they conclude; induction should not be measured by the standards of deduction. 
Rather induction is not about true or false statements but of justification of beliefs based 
on evidence available. 

Tsang and Williams definition of induction differs from Lee and Baskerville’s definition. 
The former sees induction as an “inference from matter of facts that we have observed to 
those we have not.” [154] 

For Lee and Baskerville generalization (and induction) is a “reasoning process that 

begins with statements of particulars and ends in a general statement.” [152] Tsang and 
Williams give examples of inductive inferences that are not generalizations but produce 
conclusions about particular conditions. Thus, they do not equate generalization with 
induction. [154] 



 
 

Tsang and Williams distinguishes two levels of research activities. On the empirical 
level, the researcher collects data through observation and on the theoretical level, the 
researcher develops theories based on observations and/or conjectures. They propose five 
types of generalizations: 

• theoretical; 
• within-population; 
• cross-population; 
• contextual; 
• temporal. 

Theoretical generalization is similar to Yin´s analytical generalization. 

• within-population generalizations are similar to statistical generalization, from a 
sample to population characteristics; 

• cross-population generalization is a generalization from a sample in one 
population to another population in a similar context and period of time; 

• contextual generalization is a generalization from a sample to another population 
in a different context but in a similar period of time; 

• temporal generalization is a generalization from a sample to a same or different 
population in a different period of time while the context remains similar. 

These different types of generalizations are often combined in a research situation. 

Other scholars such as Smaling [156] agree that statistical generalization is not the only 
form of generalization. For Smaling there are at least two forms of inductive generalization 
– theory-carried and variation-based generalization.  

In discussing Yin´s concept of analytical generalization, Smaling empathize the role of 
formulated theories as vehicles for generalization to other cases that have not been 
studied37. Smaling put forward the term theory-carried generalization. 

Theory-carried generalization could be viewed as two different phases of research. One 
phase consists of developing and affirming a theory by several iterations between 
theoretical and empirical work. The other phase consists of using a sufficiently affirmed 
theory as a vehicle to generalize beyond the case or setting in which the theory has been 
developed and affirmed. This assumes that other cases or settings are assumed to be within 
the scope or domain of the theory.  

Another form of generalization put forward by Smaling is variation-based 
generalization. In variation-based generalization, the researcher looks intentionally for 
variations, searching for deviating cases and even extreme cases. This process continues 
until the researcher judge that there is no new information to be collected and the collection 

                                              
37 Smaling has a similar view of induction as Tsang and Williams. 
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of empirical data has reached a situation of saturation. This does not provide a sample that 
is statistical representative, but rather a sample that represents the variation. 

The tree types of generalizations, statistical, theory-carried and variation-based 
generalization, are considered as generalizations based on inductive reasoning: 

“Each is concerned with drawing conclusions pertaining to (a class of) subject, cases, 

situations, et cetera, that have not been researched, based on a limited number of persons, 
cases, situations, et cetera, that have been researched.”[156] 

These types of generalizations have no explicit criteria for comparing similarities and 
differences in situations and settings, i.e. there are no explicit criteria for good analogies 
that could assist in evaluating inductive generalizations. Hence, Smaling put forward six 
quality criteria to improve analogical reasoning and to avoid false analogies (comparing 
apples and pears) in comparing cases or in arguing for a theory to be plausible to hold for 
cases not yet researched. Table 5 Six quality criteria for analogical reasoning summarized 
from Smaling [156] summarize these criteria. 

Table 5 Six quality criteria for analogical reasoning summarized from Smaling [156]. 

Relative degree of similarity If there are more similarities than differences analogical 
reasoning is more plausible. 

The relevance for the conclusion If the similarities between cases are more relevant to the 
conclusion, it is more plausible to hold. In addition, if the 
differences are less relevant to the conclusion it is more 
plausible. 

Support by other, similar cases If there is support for a theory or finding by other similar 
cases, there is a stronger support for analogical reasoning 
that they will apply in other similar cases. 

Support by means of variation If there is support for a theory or findings in cases that 
have large differences, it is more plausible that it will also 
hold in other cases even if there are differences. 

The relative plausibility of the 
conclusion on its own 

If a theory or finding has a strong support in its original 
domain, it is more acceptable to use analogical reasoning. 

Empirical and theoretical support If the similarities and differences between cases and their 
relevance have been supported empirically and 
theoretically, the analogical reasoning is more plausible. 

 

These six quality criteria for analogical reasoning can be used to evaluate and criticize 
the reasoning behind claims about the plausibility of generalizing findings or theories, 
generated in one setting, to hold in other settings. They can also be used to provide stronger 

Criteria Description 



 
 

arguments for generalization cross settings. In section 10.4.2, we will use three of 
Smalling’s quality criteria to discuss the plausibility that the theory presented in this thesis 
would hold in another domain outside the original domain. 

Whether research results and conclusions are generalizable is seen from the point of view 
of the researcher and the reader of the research. This social aspect of generalization called 
communicative generalization is divided into receptive and responsive generalization. In 
receptive generalization, there is not a direct interaction between the researcher and the 
reader and thus the reader has to rely on the clues given in the research reported. 
Responsive generalization is interactive in the sense that the potential user of the results is 
interacting before the final research is reported. 

For receptive generalization, it is important that the readers be given sufficient 
information to be able to make judgments on the degree of relevance of the research for 
the reader. One form of communicative generalization is transferability, which is seen 
from the point of view the reader. Transferability of research is the plausibility that the 
conclusions of the research should hold in a situation that is of interest for the reader. To 
facilitate the reader’s judgement of transferability, the researcher should provide 
information about the role of the researcher in the research situation, the context of the 
research project, informants, chosen methods, theoretical orientations, description of 
choices made and a ‘thick description’. A ‘thick description’ refers to an extensive 
description of all relevant phenomena and alternative points of view. 

The six criteria for good analogical reasoning would also be helpful for the reader to 
assess the transferability of the research result to setting relevant for the reader. 

Another aspect of research linked to transferability put forward by Smaling is its 
utilization value. The utilization value of a research project is influenced by: 

• accessibility of the language for the intended users; 
• detailed information about research conclusions and context of what is 

researched; 
• information about similar situations in which the research result has been used; 
• research should start off from a real-life situation; 
• potential users should participate in setup and conducting of the research; 
• explication of methodological issues. 

In general, good analogical reasoning contributes to utilization value. 

The utility of the theory presented in this thesis will be discussed in section 10.6. 
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3.6 Development of research interest, 
activities, and results 

In this section, I will describe the evolution of my understanding of the ePrescribing 
practice and the successive evolution of research interests related to the engagement in 
different problems and situations in this practice. The research presented in this thesis has 
taken different directions with new insights and research questions have been posed 
underway. The research activities, data collection, and analysis methods chosen will be 
briefly described. The aim with this section is to give the reader information about the role 
of the researcher in the research, the context of the research and different orientations and 
choices made in order to facilitate a judgement of the quality and transferability of the 
research (see above). 

My research journey is illustrated in Figure 8 using terms from practice research. The 
aim is to provide a roadmap for the research process, that consists of a number of 
overlapping research activities. In the top of the figure, the research activities (empirical 
and theoretical work) are ordered in a timeline with reported contributions to the research 
community. Research activities are yellow/light grey boxes and results are illustrated with 
white boxes. 

At the bottom line of Figure 8, Development and operational work are illustrated with a 
summary of the contribution to the practice and the general practice contributions are 
shown in blue/grey boxes. The arrows between the boxes illustrates the influence between 
activities and contributions. See further section 3.3 Research approach for a definition of 
the concept empirical and theoretical work and developmental and operational work 
within practice research. In this section (3.3), the influence of the developmental and 
operational activities on the research activities (not illustrated in the figure) is also 
described. 

In Figure 8, the period of engagement in the ePrescribing situation as well as the 
evolution of initial research interest in ePrescribing and engagement as a Ph. D student is 
illustrated by dotted white boxes. 

We will now continue to describe how interactions between the engagement in the 
situation of ePrescribing, the research activities, and contributions have evolved. 



 
 

  

Figure 8 Relations between research activities and results. 
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Methods of inquiry 

 Evolution of initial research interest in 
ePrescribing 

My first engagement in ePrescribing in Sweden was a consultant in 2003 at the National 
Pharmacy Corporation, NPC (Apoteket AB). I was involved in operational work as a 
“service leader” for the ePrescription service. The ePrescription service was provided by 
NPC for receiving ePrescriptions from hospitals and health care centers in the county 
councils. At that time (2003), the ePrescriptions were received centrally by the NPC and 
was then transferred to the local pharmacies. This operational work included solving 
problems that occurred in the production flow of ePrescriptions, making incidence reports, 
organize and participate in regular meetings dealing with emerging issues, externally with 
the health care regions and internally at the NPC. My consulting assignment also included 
to make a pre-study how to improve the situation. Experience from the operational work 
and reflection on how to improve the process gave rise to a need to improve the: 

• quality of the incoming ePrescription message; 
• robustness and capacity of the communication both externally and internally; 
• process of maintenance both externally and internally of the ePrescribing process; 
• process of change of functionality in ePrescribing. 

Thus, problems in the operational work provided impetus to both development work and 
a research interest and subsequent research activities. 

When in 2004, the NPC decided to initiate a work to change the ePrescription format, I 
made a review38 of articles and papers on the content of message specifications. I was 
specifically interested in the relation between syntax and semantics. This reflection 
resulted in an idea to make a distinction between static form and dynamic content; the 
latter dependent on the changing context of ePrescribing. Also my earlier work on expert 
systems and business rules [157] influenced me, together with the needs of the 
pharmacists, to develop a documentation of prescription rules as an addition to specifying 
rules for the dynamic content. The outcome of this was that there in the specification was 
a distinction made between minimum accepted form of a prescription and the dynamic 
contextual content defined by prescription rules. The prescription rules defined the 
regulated content of the prescription in different prescribing situations, for example when 
prescribing controlled medical drugs. This was the result of an approach of a reflective 
practitioner using theories to improve the practical work. See further chapter 5 Improving 
interoperability in ePrescribing – a field study for details on this work. 

In 2006, in the end phase of my part of the work with the new ePrescription format NEF, 
my research interest developed around the needs put forward by the client at the NPC. 
This research interest can be summarized in the following questions: 

                                              
38 As a consultant with a research background. 



 
 

Question 1: How could the result of the efforts made in the project and the final 
implementation of the new ePrescription format in all county councils in Sweden be 
evaluated? 

My initial focus was on the ePrescription message and the improvement of its quality, 
linked to design changes of the format and actions made in the implementation of the new 
ePrescription format. 

Question 2: What methods could be used to measure the improvement made with the 
introduction of the new format? 

Question 3: What was the relation between design changes, actions to implement the 
new format and the expected improvements? 

 Design and conduction of the field 
experimental study (NEF) 

The design and implementation of a new national ePrescription format (NEF) was not just 
a technical implementation of a new format but was part of a whole range of actions that 
effected the quality of the ePrescription message. There were both actions of 
improvements of the prescribing systems and their use, but also actions to actually validate 
the adherence to the agreed format specification. The automatic validation of incoming 
ePrescriptions in the production flow was a strong incentive to improve the quality already 
when issuing an ePrescription. 

To formulate it in quantitative research terms: there were a number of independent 
variables that influenced the dependent variable: the quality of the ePrescription message. 
Thus, a method emerged that was based on measuring the quality of the ePrescription 
message before and after the implementation of the new ePrescription format. Thus, the 
design and implementation was seen as an intervention affecting the ePrescribing work 
practice. The method developed to measure the quality of the ePrescription message was 
to compare the adherence of ePrescriptions to agreed message specifications and 
prescriptions rules. Some of these prescription rules became documented together with the 
new format. In another project at NPC, I documented and formalized the prescription rules 
in a requirements specification for the national repository of prescriptions. Data collection 
using a quantitative method of consecutive sampling was considered the best choice. 

Thus, my research started with a focus on assessing the quality of the transferred 
message, the ePrescription. These types of assessments, in terms of formal or 
operationalized quality measures, are well suited for a quantitative analysis. The 
assessment was made before and after the implementation of NEF. Two papers, based on 
the pre (2008) and post (2009) NEF samples, were published as a result of this research. 
[8, 9] They have been published in the context of medical informatics, where a quantitative 
analysis is an important research approach. This research contribution is named 
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“Improving interoperability in ePrescribing Sweden – field study” in Figure 8. See 5 
Improving interoperability in ePrescribing – a field study. 

 Analyzing the context of the ePrescribing 
process 

In 2007, I asked my current supervisor if he could accept me as a PhD-student at Linköping 
University. I was interested in his research approach, both theoretically concerning 
information system theories and the research methodology that combined theoretical work 
with practical contributions. 

In the process of coming to grips with the quality of the transferred message, I started 
already in 200639 and more systematically in 2007 to pose the question: 

Question 4: Why was a seemingly simple message prone to errors40 and 
misunderstandings? 

In 2007, I started to read about theories of communication with special interest in theories 
about language and the aspect of language as a social process41. I was interested in how 
the context of the message influenced the complexity, quality and interpretation of the 
message. One important context was the use of information systems in issuing and 
transferring prescriptions. When designing the test cases for qualifying EHR-systems that 
were allowed to issue and send ePrescriptions in the new format, I posed the question how 
the user interface and prescriptions rules implemented in the system would influence the 
quality of the ePrescription message. Thus, the practical question was how far into these 
systems should the test cases reach. 

Question 5: How to evaluate and put demands on the user interface and the EHR-systems 
in order to improve the quality of the ePrescription message? 

In the operational work, we (me and my colleagues) observed that some recurrent errors 
were due to design of user interfaces in the EHR-systems However, evaluating the user 
interface were considered outside the realm of project, even if we recognized that it had 

                                              
39 In 2006 I made a presentation at a conference in Slovenia on the implementation of ePrescribing in 

Sweden. In the presentation, I posed the question of the complexity of the prescription. See Figure 13 in 
this thesis for a slide in the presentation that illustrates the external complexity of the prescription. [158] 

40 Note that for ePrescriptions, there are very high demands on the quality, because there are patients 
involved that could be affected by errors. There is also a strong culture among pharmacists to be rigorous 
in controlling the prescription. Much of the quality assurance in ePrescribing is pushed towards the 
endpoint of the process, towards the last gateway, the pharmacist. This is also reflected in the legislation 
on prescriptions. 

41 At the research institute SISU (Svenska Institutet för SystemUtveckling – Swedish Institute for 
Systems Development), I had already in the 1990s knowledge about speech act theory and the theories of 
Winograd and Flores. [159] 



 
 

influence on the quality of the message. Thus, even if this was considered out of scope in 
the development work, it became nevertheless for me an important research question. 

Question 4 and Question 5 lead me in the research activities to focus more on the context 
of the ePrescription message, the process of ePrescribing, as well as the quality of the 
systems used in the process. Thus, in 2007, I made an analysis using practical theories to 
get a better grasp of the multiple functions of an ePrescription message. This resulted in a 
paper presented in May 2008, contributing to a practical theory on ePrescribing. [42] 

General practice and research contribution: Practical theory on ePrescribing (see Figure 
8). 

During this time, I was also engaged in requirement analysis projects involving the 
pharmacy side of the ePrescribing process. One important part of this was the 
documentation of the ePrescribing process at the pharmacy side in the form of a 
handbook42 that was directed towards the new pharmacy chains. 

Local practice43 contribution: A handbook for ePrescribing at pharmacies (named 
‘Handbook Pharmacy ePrescribing” in Figure 8). 

In this document, I included results from the paper published in 2008, particularly on the 
link between the prescriber practice and the pharmacy practice and the regulatory 
perspective. 

 Analyzing findings in the field experimental 
study NEF 

After gathering and analyzing the first results from the pre-NEF and post-NEF studies in 
2010, there was a need to place the findings in a wider context of ePrescribing, information 
systems theories and interoperability. I returned to the earlier analysis of the ePrescribing 
process and theories of interoperability and posed the following questions: 

Question 6: How could the findings be understood in terms of theories of 
interoperability? 

                                              
42 Handbok för apoteksaktörer version 4.0, Apotekens Service AB. 

43 This is considered a local practice contribution in the sense that it was not a result of a deliberate 
theorizing, but was based on experiential knowledge. Thus, even if it was directed towards a wider 
community of practitioners outside the NPC pharmacy chain, it is still considered as a local practice 
contribution. This point to a difficulty to talk about a ‘local’ practice, which is reasonable within an 

organization. In the context of interoperation, there is always a community both inside and outside of the 
organizations involved, and in this sense, address the general practice. However, the other criteria about 
deliberate theorizing is not fulfilled to make it a general practice contribution. May be a better term would 
be situated practice instead of local. 
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Question 7: How could the findings be understood in terms of the practice of 
ePrescribing? 

Question 8: How could the findings be understood in terms of theories of quality criteria 
for information systems? 

Question 9: How could the findings be understood in terms of other experiences of 
vertical information standards design and implementation? 

In the two papers published [8, 9] about the design and implementation of the new 
ePrescription format, the findings were analyzed and discussed using theories of 
interoperability and quality criteria for information systems. This analysis of the findings 
from the experimental study showed that the standardization of the ePrescribing work 
practice and the ePrescription message when implementing the new format improved the 
quality of ePrescribing. Therefore, it was of interest to develop a theory based on these 
findings that could better explain and amplify our knowledge about improving 
interoperability. Thus, the field experimental study contributed to the generation of a 
practical theory on interoperation and interoperability (see section below). 

 Analysis of the context of improvement of 
interoperability and evolution of ePrescribing 
in Sweden 

Since 2009, the findings showing the improvement of interoperability in ePrescribing in 
Sweden led me to reflect more on the factors that had made it possible to develop a new 
digitalized work practice in ePrescribing based on interoperable information systems 
between different organizations. 

The following questions were posed: 

Question 10: What were the factors making the implementation of ePrescribing so 
successful in Sweden?  

Question 11: What part played the project for the new national ePrescription format 
(NEF) in this implementation process? 

In order to explain the factors that contributed to the improvement of interoperability in 
ePrescribing, it was necessary to place this improvement within the overall evolution of 
ePrescribing in Sweden. The improvement project spanned over a period with intense 
growth and development and later a consolidation of the implementation of ePrescribing 
in Sweden. 

Data about the implementation of ePrescribing in Sweden from the pioneering years in 
the 1980s up to the years of consolidation in the end of the first decade of 2000 was 
collected and analyzed, complemented with interviews of key informants of the 
implementation process. This work resulted in a case study of the implementation of 



 
 

ePrescribing in Sweden (see Figure 8 ‘Implementing ePrescribing in Sweden – case 
study’). 

The case study illustrates the importance of the evolution of information infrastructures 
in achieving interoperability and of a structured cooperation between stakeholders in the 
design and implementation process. 

This study also contributed to the theory on interoperation and interoperability. See 
chapter 4 Implementing ePrescribing in Sweden – case study for a report of this case study. 

 Developing a theory on interoperation and 
interoperability 

In the work with the first results of the field experimental study in 2010, I started to develop 
a theoretical framework influenced by different frameworks of interoperability, that 
emphasized technical, semantical, organizational and legal aspects. In this process, a 
number of questions were raised: 

Question 12: What is the relationship between syntax and semantics?  

Question 13: How is organizational and work practice aspects linked to semantics?  

Question 14: How is semantics related to the content of the message and the participants 
understanding in the ePrescribing process?  

These were the central questions in my mind. In the literature review, I found that there 
were few papers linking the different layers of interoperability in an elaborate way44. 

When writing the second paper on the results of the NEF implementation, I returned to 
the impact (user behavior, education, work situation, incitements, et cetera) that the user 
interface of the Prescribing systems had on quality of the ePrescription message. The 
insight from 2007, that the context influences the content of the message, lead to a new 
insight:  

Insight 1: An ePrescription is an instrument or vehicle for communication of different 
social acts, such as authorizing, directing and making commitments.  

Thus, in preparing the papers of the quantitative analysis of ePrescription errors, I looked 
into the theory of actability of information systems to see if it could give some insights 
into the relation between context and message. Particularly the idea of communication, 
interaction and process quality was very useful in analyzing the ePrescribing process, and 
to analyze the measurement of quality I reported in the paper. [8, 9] 

                                              
44 An exception was a paper by Stamper et al [160] who linked the different layers: physical, empiric, 

syntactic, semantic, pragmatic and social. This paper inspired me to go further in trying to elaborate on 
different the aspects of communication. 
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The next phase in the development of my understanding of interoperability and inter-
organizational communication was triggered by the need to synthesize the work done so 
far and make it accessible and useful for practitioners and researchers – in writing this 
thesis. In this work, I made a literature review of theories, concepts and frameworks of 
interoperability (presented in 2 Interoperability, information infrastructures, work 
practices, and standards). 

Most of the reviewed papers had a technical and formal approach to interoperability 
problems and its solutions. I felt that there was a weak and fragmented theoretical basis 
within the field of interoperability to understand the communication and its context. Many 
papers proposed formal methods that either focused on the technical aspects of the 
communication, or when dealing with semantic issues were based on formal semantic 
theories devoid of social aspects of communication. There were also few papers on 
interoperability that involved legacy systems. The approaches and solutions proposed 
were not in line with my experience of dealing with interoperability problems. However, 
I found many insightful papers reporting on interoperability in the military domain that 
reflected a more realistic approach. They insisted on organizational and process aspects of 
interoperability instead of promoting formal or technical solutions. 

This reflection prompted me to look for a theoretical basis of communication. This 
direction lead to a review of literature in linguistic and communication theories. I was 
looking for a theoretical basis that could link the message content as part of a social process 
of communication between humans using an information system as an instrument for 
communication. The questions that emerged were: 

Question 15: How is the message communicated part of a wider context of cooperation 
in a work process?  

Question 16: Is it possible to define a theory that integrates different aspects of 
interoperation and interoperability such as technical, semantic, organizational and 
cooperative action? How could one describe their interdependence within a 
communication context where communication is mediated by information systems? 

Another problem with the reviewed frameworks of interoperability was difficulties to 
apply them to my experience in a precise way. I felt that there was a confusion between 
different aspects of governance, development, implementation, and operation. In 
discussing this with my supervisor, I came to the following insight:  

Insight 2: Make a distinction between the operational and governance aspect of 
interoperation. 

This gave me the impetus to integrate operational and governance aspects into a theory 
on interoperation and interoperability.  

One aim with this thesis is to contribute with a theory on interoperation and 
interoperability. The development of the theory has been the result of an interaction 
between different research activities and contributions related to ePrescribing and 



 
 

theorizing activities. The presented theory is a result of an effort to answer the different 
research questions posed and to integrate contributions from other extant theories on 
interoperation, interoperability, information systems, and communication. See Figure 8 
‘Practical theory on interoperation and interoperability’ and chapter 9 A practical theory 
on interoperation and interoperability. 

3.7 Practice research in interoperability 
and ePrescribing 

In this section, we will first introduce the subject matter and contributions in this thesis. 
Then, we will describe our sources of evidence and methods to collect and analyze data. 
Finally, we describe different kind of knowledge contributions made and theory 
components in terms of practice research concepts presented earlier in this chapter. 

 Overview of research and contributions 
In this thesis, we are studying and theorizing about the practice of ePrescribing, which is 
a shared practice of two other practices of medical treatment and pharmaceutical care.  

The practical theory on interoperation and interoperability is a generalization of findings 
from the situational inquiry in the practice of ePrescribing. Thus, ePrescribing is viewed 
as a case of interoperation between organizations and actors to achieve a certain 
objective for a client. The theory is a generalization of interoperation and interoperability 
beyond the case of ePrescribing with the aim to be used in other contexts of 
interoperation. 

Figure 9 illustrates the relationship between the general work practice of interoperation 
and the specific work practice of ePrescribing. 

- The specific work practice of ePrescribing can briefly be described as the interoperation 
between health care and pharmacies, and of the prescribers and the pharmacists involving 
the prescription of medical drugs to a patient, the whole life cycle of the prescription and 
the follow up of compliance and consumption, using information systems for this 
cooperation and interaction. 

- The general work practice of interoperation can briefly be described as the practice of 
organizations and actors to interoperate and manage a shared work practice for a certain 
objective and client using information systems. 

The case of ePrescribing practice is contributing with findings to the general case of 
interoperation and is also informed by the general case. 

The practical theory on ePrescribing is a generalization of the findings in a situational 
inquiry of ePrescribing in Sweden. This generalization to a practical theory is a general 
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practice contribution aimed at the general practice community (see 3.3.2), with the aim to 
be used by the general practice community in Sweden and in other countries.  

 

 

Figure 9 Illustration of the relationship between the specific case of ePrescribing and the general case of 
work practice interoperation using information systems. 

In the following, we will briefly describe (see Figure 10) the relationship between 
theorizing activities and activities related to the situational inquiry of ePrescribing. 

Theorizing activities, as well as the rendering and collection of the findings in the 
inquiry, were informed by extant theories about interoperability, information systems, 
information infrastructure, human communication, language, and semantics. 

The situational inquiry into ePrescribing contributed with empirical data, pre-
understanding, and understanding of the subject matter. This formed the material for the 
generalization into emergent theories about ePrescribing and interoperability. The 
situational inquiry was informed by theorizing activities and development of research 
interests and research questions. The case study on implementing ePrescribing in Sweden 
was important in order to place the improvements from the field experimental study within 
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the overall evolution of ePrescribing in Sweden and to better understand the conditions for 
the evolution of the information infrastructure for ePrescribing. 

 

 

Figure 10 Relationship between theorizing, situational inquiry, and research contributions. 
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(GEM). 

The practical theory on interoperation and interoperability (Chapter 9) has been 
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• Implementing ePrescribing in Sweden - case study (Chapter 4); 
• Improving interoperability of ePrescribing in Sweden – a field experimental study 

(Chapter 5); 
• Practical theory on ePrescribing (6). 

The practical theory on interoperation and interoperability and the practical theory on 
ePrescribing have been internally grounded by analyzing their internal consistency, clarity 
of concepts and completeness. In this process, supervisors and research colleagues have 
contributed by showing inconsistencies and the need to clarify concepts and definitions. 

 Sources of evidence, data collection, 
literature reviews, and data analysis 

The researcher’s role in the situational inquiry as an insider (see section 3.2 for a 
description of the role) has contributed to the empirical work with a close access to primary 
and secondary sources of evidence. 

The role as an inside researcher has helped to develop a deep understanding of the design 
context and work practice of ePrescribing. This understanding contributes to what Donald 
Schön calls an understanding of the problem setting. [124]  

A problem setting is the, 

“… process by which we define the decision to be made, the ends to be achieved, the 

means which may be chosen.” 

and 

“When we set the problem, we select what we will treat as the ‘things’ of the situation, 

we set the boundaries of our attention to it, and we impose upon it a coherence which 
allows us to say what is wrong and in what direction the situation needs to be changed. 
Problem setting is a process, interactively, we name the things to which we will attend and 
frame the context in which we will attend to them.” [124] (Chapter: From technical 
rationality to reflection in action) 

This understanding of the problem setting has an influence on what data to collect and 
how to analyze the collected data, and on the focus on what is essential and of importance 
for the situation. This kind of understanding is best learnt in an engagement with a practice 
involving many problem-solving activities with an attitude of constant reflection on what 
one is doing while doing, what Schön would call reflection in and on action. This 
reflection in and on action is part of a learning process in which the practitioner learns how 
to frame problems and find characteristics in a situation thst are important to attend to and 
consider. 



 
 

Taking this as a point of departure, which foremost has an influence on the qualitative 
data collection and analysis, we describe in the following our sources of evidence and data 
collection methods. 

Sources of evidence 

Primary Sources 
The access to first hand sources have first been the involvement in different projects, 
meetings, workshops, communication with colleagues and with different technical, 
business, pharmaceutical and legal experts. In the role as an insider, I was also responsible 
at times for preparing and hosting meeting and workshop for analysis of the processes, 
concepts and objectives of the NPC regarding dispensing and requisition of medical drugs. 
I also participated in joint meetings between the county councils and NPC, that dealt with 
different issues in ePrescribing. 

Field notes, that have not been part of taking minutes for meetings, have been taken at 
occasions to note some significant observation. Some of these reflections have been 
communicated by email to colleagues or have resulted in idea outlines made in Power 
point or in written PMs. 

In the situational inquiry, I have contributed with different documents, such as minutes, 
pre-studies, requirements specifications, handbooks, process models of the dispensing and 
requisition process, conceptual models of ePrescribing, and models of project objectives. 

I have also had access to other primary sources such as emails, memoranda, minutes, 
requirements specifications, pre-studies, user guides, process and routine descriptions, 
policies, legislation, and decrees. The sources that were regarded as important have been 
saved for later use. 

Secondary sources 
Secondary sources have been articles in the trade press, texts in published handbooks, 

presentation at conferences, papers published in conference proceedings and journals 
concerning ePrescribing in Sweden and in other countries. 

Data collection methods 
In the following section, we describe briefly the data collection methods used in this study. 

Quantitative data collection 
Consecutive sampling of ePrescriptions has been made before and after the intervention 
of a new NEF. Consecutive sampling was chosen as data collection method instead of 
random sampling, in order to better handle the change of historic data regarding medical 
drugs. The sample size was estimated and calculated in order to detect small significant 
changes between the two samples. See further Öhlund et al [9] and chapter 5 for a 
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discussion on methods for calculation of sample size and reasons for the choice of 
consecutive sampling. 

Collection of documents 
The collection of documents that have been gathered in the situational inquiry, mentioned 
above as secondary sources, have been saved and organized electronically. Documents 
from external sources related to ePrescribing such as technical or status reports, legislation, 
policy documents, articles in trade press, presentations at meetings and conferences have 
been stored. This can be seen as part of creating what Yin [153] would call a case study 
database. 

Interviews 
Interviews have been used in order to gather the views of the participants in implementing 
ePrescribing in Sweden. The interviews were open-ended thematic interviews. The 
interviews were either face to face or by telephone. All interviews were recorded. Notes 
were taken during the interview and parts of the interviews were transcribed. 

The informants in the interviews were given the opportunity to review a draft of the case 
study report to add comments and corrections. See chapter 4 and below on qualitative data 
analysis. 

Literature review 
The review of the literature for this thesis has been conducted in a structured way using 
certain keyword search45 to sample relevant documents. This initial literature search has 
been complemented during the whole research endeavor, with an interactive search using 
key words based on an increased understanding of the subject matter. A key word search 
was used in the initial phases for the review of concepts and frameworks of 
interoperability. Certain key words such as interoperability, ePrescribing, ePrescription, 
health, eHealth, definition, framework, interoperability problems, implementation 
interoperability, improving interoperability, information quality, information 
infrastructure, standard, standardization, terminologies, et cetera, were used separately and 
in combinations. 

The collected articles were read and interesting references were searched and read and 
so on, until it was judged that more search would not yield more information that were 
relevant. 

The review of the literature on communication theories from a philosophical, linguistic, 
logic, social or cognitive point of view was made in the same manner. In this case, it was 

                                              
45 Search for research paper has mainly been made using the ‘OneSeach’ service at Linnaeus University 

which contains the majority of their available databases for research publications and their library 
catalogue. Google Scholar has also been used to search for research publications. Google has been used to 
find articles in trade journals or in the daily press. 



 
 

necessary to limit the search because the search space is so huge. One method used to limit 
the search space was to identify certain important contributions, that represented different 
lines of thought and then focus on those that were the most promising in answering the 
research questions and contributing to the theorizing activities. 

To find work that were made outside the academic world, search engines on internet was 
used to gather work, projects and reports that were not published in academic journals and 
conferences. 

Papers that were possible to save electronically were saved. 

Quantitative data analysis 
The quantitative data analysis was made of the two consecutive samples collected before 
and after the introduction of the new NEF. 

Descriptive statistics were used to compare some characteristics of the two different 
samples, such as number of prescription messages, average number of prescriptions per 
prescription message, average number of iterations, proportion of reimbursement medical 
drugs, number of prescriptions per prescribing systems, et cetera. 

The other major data analysis consisted in analyzing all the detected errors in relation to 
agreed message specification and prescription rules. These errors where classified in two 
main categories, format and prescription errors. They were coded within each category to 
cluster the error in subcategories related to the content of the prescription. 

The errors were also classified in relation to an interoperability framework with different 
aspects: technical, semantical organizational and judicial. 

The descriptive statistics of the samples and of the errors were produced using SQL 
queries, due to the large amount of data, with more than 5 million error records. 

Pearson chi-square was calculated to test that if no change in interoperability errors 
occurred. A high number of Pearson chi-square indicate a significant improvement in 
interoperability in the post-NEF sample. P<.05 was regarded to be significant. 

See chapter 5 Improving interoperability in ePrescribing for at description of the data 
analysis. 

Qualitative data analysis 
The qualitative data analysis focused mostly on identification, gathering and ordering of 
sources for important changes and interventions made in the situational inquiry. The 
interviews with key participants in implementing ePrescribing in Sweden were focused on 
their understanding of the most important events in the history of implementing 
ePrescribing in Sweden and factors that influenced the implementation process. In other 
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cases, most of the data collected and analyzed were about important events and results 
judged to be the most important data about the situation as it evolved. 

The data analysis focused on identifying the essential changes and interventions. The 
analysis was iteratively going back to historic data sources. These sources were both inside 
and external sources, such as written accounts, research papers, legislations, and policy 
documents. 

Improving interoperability of ePrescribing in Sweden - field study 
In the pre- and post-NEF field experimental study on improving interoperability in 
Sweden, data was collected to describe the context and content of the intervention. This 
data was analyzed and ordered into different themes: 

• experienced initial problematic situations; 
• factors that drove the initiative for a change; 
• action’s initiated and description of the designed change and their motivation. 

The co-authors of the papers, a pharmacist, researcher and pioneer in ePrescribing in 
Sweden, and a medical doctor and researcher in eHealth contributed in corroborating the 
qualitative data analysis of the contextual factors in the improvement project. [8, 9] 

Practical theory on ePrescribing 
In the work with developing a practical theory on ePrescribing, the characteristics 
described and organized in the theory were successively verified against available data 
sources. It was possible to corroborate the statements in the practical theory using external 
sources and through consultation with experienced practitioners in the field. The validity 
of the interpretations of data using the practical theories was verified with the co-author 
of the paper, who also was one of the instigators of the practical theories used. Some 
ambiguities in using the practical theories to analyze the reality of ePrescribing, was 
identified and reported in the paper. [42] 

Implementing ePrescribing in Sweden - case study 
The empirical sources for the case study on implementing ePrescribing in Sweden were 
interviews; previously collected external and internal sources that were revisited and new 
sources gathered. These sources were used to verify and develop statements in the case 
study. The data was first analyzed in chronological order, starting from an idea of an initial 
pioneering phase. The data for this phase was gathered in the interview with the pioneer 
in ePrescribing, who also contributed with additional relevant references and documents. 
Initially, I had not a very clear idea about different phases. These phases became more 
apparent in the course of analysis. As an insider, I was part of the phase of growth and 
consolidation. 

The chronological organization of the events in three phases were marked by important 
events or initiatives. The interview with one of the informants who had worked with 
managing the information about medical drugs draw attention to the development of the 



 
 

infrastructure. Another influence was from the research by one of my supervisors on the 
importance of identifiers for the evolution of information infrastructures. This influence 
made me to return to a reflection on information infrastructures I already had in 2006, in 
a presentation to a conference in Slovenia on implementing ePrescribing in Sweden. [158] 
The importance of identifying the actors in ePrescribing was also informed by the practical 
theory on ePrescribing, that clearly highlighted the different actors and the reference to 
important objects. 

Practical theory on interoperation and interoperability 
Building the theory on interoperation and interoperability was mainly based on findings 
presented in the different contributions, but also from several practice contributions such 
as the handbook on pharmacy ePrescribing process and the specification of the new 
national ePrescription format. The development of the theory on interoperation and 
interoperability is grounded in an analysis of data collected in nine years of involvement 
in ePrescribing and in implementing eCommerce processes and information systems for 
the distribution of medical drugs to hospitals. 

 Contributions and theory components 
In this section, we will summarize the major contributions in this thesis in terms of practice 
research concepts. Within practice research, contributions could aim at different 
communities and situations. Within a situational inquiry, a researcher can contribute to the 
local operational practice targeted towards the participants in the local practice46. These 
are called local practice contributions. Theorizing activities in practice research could aim 
at contributing with knowledge to both the research community and the general practice. 
The general practice community can be the general practice in which the local practice 
takes place. It can also be a generalization of results towards other general practices 
considered plausible candidates for generalization of results. See further section 10.4 for 
a discussion on generalization of results to other practices outside ePrescribing. 

The contributions are summarized and categorized in types of knowledge contributions 
and when relevant in different types of theory components (see section 3.3.2 and 3.3.3 on 
these concepts). In section 10.2, we summarize the contributions with a focus on their 
specific contributions to different research fields. 

Local practice contributions 
Within the situational inquiry into improving the interoperation and development of 
ePrescribing in Sweden, the inside researcher has contributed in operational and 

                                              
46 Regarding the term local practice and how it should be interpreted in an inter-organizational setting, 

see our previous note 43 in this chapter. 
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developmental work with several local practice contributions, in the form of documents 
summarized as follows: 

• specification of the new national ePrescription format (NEF) with a focus on 
definitions of terms and valid content of the ePrescription, prescriptions rules, and 
feedback mechanism to the prescriber; 

• handbook on implementing ePrescriptions as a reference document aimed at 
software providers and clients; 

• requirements specifications and pre-studies about the national repository of 
ePrescriptions; 

• requirements specifications and pre-studies about the National Pharmacy Register; 
[161] 

• conceptual domain model of ePrescribing within the NPC; 
• handbooks for the pharmacy ePrescribing process aimed at the new pharmacy 

actors in the new deregulated pharmacy market. 

These documented contributions are not publicly available. They were available to 
restricted communities involving different organizations. 

General practice and research contributions 

Implementing ePrescribing in Sweden - case study 
Chapter 4 contains a retrospective case study describing the implementation of 
ePrescribing in Sweden from the pioneering years in the 1980s up to the years of 
consolidation in the end of the first decade of 2000. 

Firstly, the case study contributes to the understanding of the importance of the evolution 
of information infrastructures in achieving interoperability. 

Secondly, it contributes with experience of the implementation process with a focus on 
structured cooperation between different stakeholders in the ePrescribing process.  

Thirdly, the empirical material on which the case study was based and the findings in 
written case study report, contributed with material for generalization to a practical theory 
on interoperation and interoperability, particularly concerning governance of 
interoperation and the evolution of information infrastructures. 

The knowledge contributions47 of this study are categorized as: 

• conceptualization of different factors that influenced the development of 
ePrescribing in Sweden, regarding incentives, evolution of information 
infrastructure, economical, legal, and organizational factors; 

                                              
47 For a categorization and explanation of different knowledge contributions see section 3.3.2 Practice 
research and the subsection Type of knowledge contributions in practice research. 



 
 

• explanatory in describing and collecting the historical factors and events that 
influenced the pace and evolution of ePrescribing in Sweden. 

• prescriptive, in the sense that it reports success factors in implementing 
ePrescribing in Sweden, that could be a useful example for other similar practices. 

Thus, this study is a general practice contribution to ePrescribing and contributed with 
findings to the theory on interoperation and interoperability. 

Improving interoperability in ePrescribing – field study 
Chapter 5 reports a situational inquiry into improving interoperability in ePrescribing 
including empirical, development and operational work inside the practice. In the 
beginning of the inquiry, there was mainly operational and developmental work 
contributing to the local practice (see above). Closely related to this work, a research 
interest developed in evaluating the effects of the implementation, seen as an intervention 
in the ePrescribing practice. This research interest developed into a field experimental 
study measuring interoperability errors before and after the intervention. 

The study is a general practice contribution, providing an evaluation of the outcome of 
the change process, showing the utility of the actions taken and thereby contribute with an 
experience to the general practice knowledge in ePrescribing interoperability. This 
knowledge contribution is both diagnostic and normative; normative in the sense that there 
were set up criteria for good quality of ePrescriptions messages, criteria if generalized, 
should be useful also for other practices. See section 10.2.2 General practice contributions 
for examples on how the contributions in this study have influenced the ePrescribing 
practice today after the deregulation of the pharmacy market. 

The study is also a research contribution giving additional methods to assess 
interoperability. To our knowledge is the field experimental study evaluating an effort to 
improve interoperability unique, in the sense that it was possible to compare the situation 
before the intervention and after the implementation using a real-world field experiment. 
Thus, it is both an empirical and methodological contribution to the research field. 

For a detailed description of the results from the situational inquiry on interoperability 
in ePrescribing confer [8, 9]. Confer also chapter 5 Improving interoperability in 
ePrescribing – a field study in this thesis for a summary of these contributions. The 
situational inquiry has also contributed to highlight the operational aspect of 
interoperation in the theory on interoperation and interoperability. 

Practical theory on ePrescribing 
The inquiry into the ePrescribing practice and the daily encounter with this practice as an 
insider practitioner, called for a better understanding of the complexity of ePrescribing. 
The practice of ePrescribing was analyzed using practical theories for analysis of the 
ePrescription message, the regulatory aspects of ePrescribing, and the exchange between 
actors in the health care and pharmacy markets. The result was a contribution to a general 
practice theory on ePrescribing with a focus on conceptualization. It was also a 
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contribution to an empirical grounding of the practical theories applied regarding their 
adequacy, usefulness, and applicability in this domain and thus also a research 
contribution. 

For a detailed description of the result from this study on ePrescribing confer [42] and 
chapter 6 A practical theory on ePrescribing in this thesis. 

Theory components 
The practical theory on ePrescribing contains the following elements or 
instrumentalities48: 

• conceptualizations of actors, communicative actions, infrastructures, work 
practices, domains and artifacts in the practice of ePrescribing; 

• patterns of the ePrescribing work practices and their interconnections; 
• models to illustrate the communicative actions, actors and the context of the 

practice of ePrescribing. 

Knowledge contributions 
The knowledge contribution is a conceptualization of ePrescribing, useful to understand 
the complexity of the process and give attention to different aspects in ePrescribing that 
have influence on the work practice. 

It is also prescriptive in the sense that it demonstrates the utility of applying practical 
theories, such as socio-pragmatic communication analysis and General Regulation Model, 
which contributed to highlight issues in the work practice that can be improved. 

Practical theory on interoperation and interoperability 
Based on the findings in the case study, the situational inquiry and the practical theory on 
ePrescribing, a further generalization has been made into a practical theory on 
interoperation and interoperability. The theory is empirically grounded in the situational 
inquiry in the operational practice of ePrescribing and in the history of implementing 
ePrescribing in Sweden. It is theoretically grounded in information systems theories, 
theories and framework for interoperability, work practice theory and communication 
theories.  

Theory components 
The practical theory on interoperation and interoperability has the following elements or 
instrumentalities: 

• conceptualizations of the interdependencies in interoperation, general 
communicative context of interoperation, work practice context of interoperation, 
different aspects of interoperation in shared work practices, governance 

                                              
48 Confer Table 4 Constituents of a practical theory from Goldkuhl. [137], for a definition of these 

elements. 



 
 

mechanisms for collective action and interoperation, and the use of information 
infrastructures to communicate acts in interoperation; 

• patterns of action in the interoperation of a shared work practice and in its 
governance and of collective actions; 

• normative criteria are expressed in a definition of interoperability giving guidance 
for defining overall criteria for the capability to interoperate, and in criteria for 
information systems actability for judging interaction, communication and process 
quality; 

• models are used to illustrate the main components of the theory on interoperation 
and interoperability. 

The practical theory on interoperation and interoperability is targeting both the general 
practitioner working with developing, improving and governing interoperation, as well as 
the research community to inform about relevant research areas, theoretical refinement 
and further situational inquiries. For details about the practical theory on interoperation 
and interoperability, confer the chapter 9 A practical theory on interoperation and 
interoperability. 

Knowledge contributions 
The knowledge contributions with the practical theory on interoperation and 
interoperability are: 

• conceptualization of different aspects of interoperability based on theories and 
findings from the situational inquiry in ePrescribing; 

• normative in the sense that it provides concepts to define and evaluate quality 
of interoperation; 

• prescriptive in the sense that the theory on interoperation and interoperability 
contains elements to be used in developing, improving and sustaining the 
ability to interoperate. 
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4 Implementing ePrescribing in 
Sweden – case study 

This chapter reports the result of a retrospective case study of the implementation of 
ePrescribing in Sweden, with particular focus on matters that influence the development 
of interoperability. 

The context of this study and the research questions posed are developed in section 3.6.5 
Analysis of the context of improvement of interoperability and evolution of ePrescribing 
in Sweden. 

The research questions can be summarized as: 

• Which were the factors that made the implementation of ePrescribing so successful 
in Sweden? 

• What part did the improvement project (NEF) play in this implementation process? 

The evolution of ePrescribing in Sweden could be viewed as a successive improvement 
of interoperability in ePrescribing between the health care and the pharmacy sector. Thus, 
a better understanding of the events and factors that influenced the successful evolution of 
ePrescribing in Sweden provide an empirical basis on which to build a theory on 
interoperation and interoperability, which in turn could be used to improve and maintain 
interoperability. 

The second question was aimed to better understand the specific role of the improvement 
project (NEF) within the context of implementing ePrescribing in Sweden. This 
improvement project has been studied in a field experimental study reported in chapter 5 
Improving interoperability in ePrescribing – a field study. 



 
 

4.1 Research method 
In this section, we present the methods used in the case study and the different sources of 
evidence. 

 Data collection and analysis 
From 2003 until 2009, the author was involved as a consultant in projects developing 
ePrescribing in Sweden and as an inside researcher. See chapter 3 Methods of inquiry, 
regarding the role of an inside researcher and practitioner. This gave direct access to inside 
information about the project through participative observation and action. Other sources 
of information were collected project documentation such as feasibility studies, 
requirements specifications, mail conversations, presentations at conferences and minutes 
from internal meetings between stakeholders in ePrescribing. Public sources have also 
been analyzed, such as legislation, project reviews, reports, research papers, and news in 
the trade press about implementing ePrescribing in Sweden. See also section 3.7.2 Sources 
of evidence, data collection, literature reviews, and data analysis. 

In order to understand the whole history of the evolution of ePrescribing in Sweden, four 
interviews with key informants were made during 2013. The criteria for selecting 
informants were that they had played a central role in different phases of ePrescribing from 
the pharmacy or health care sector side. Another criterion was to find an expert in medical 
drug registers and their evolution, a central infrastructure component in ePrescribing. 

One interview was made with one of the pioneers of ePrescribing. This informant came 
from NPC and had experience of ePrescribing in cooperation with local medical clinics 
from the beginning of the 1980s. He had also a key role as a project leader for 
implementing the national pharmacy register [161] and the national repository of 
ePrescriptions in 2005 and 2006. During a major part of the first decade of 2000, he had 
also been a manager of a department at the NPC that was responsible for the development 
of ePrescribing. 

The second interview was made with the project manager appointed in 2000 with the 
responsibility for implementing ePrescribing from the point of view of the NPC. 

The third interview was made with the project manager for implementing ePrescribing 
at a major county council, also appointed in 2000. 

These last two informants (second and third) were chosen, because they were directly 
involved in and could describe the developed and successful cooperation between the 
pharmacy side (NPC) and the health care sector (major county council) that paved the way 
for implementing ePrescribing. 

A fourth interview was made with an expert on medical drug registers who had worked 
in the 80s and 90s at pharmacies, and from the end of the 90s with the central medical drug 
register (ACA – Apoteket Centrala Artikelregister) at the NPC. 
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The interviews were open thematic interviews, that focused on how the informant viewed 
the evolution of ePrescribing in Sweden with respect to their personal role in the process 
as well as the role of their organization. The interviews centered on themes such as 
important events, factors, and pre-conditions that influenced the development of 
ePrescribing in Sweden. This concerned aspect such as organizational challenges, 
incentives, cooperation, and legal aspects, as well as technology and infrastructure. Two 
interviews were face-to-face and two were made on telephone. All interviews were 
recorded and notes were taken during the interview. The interviews lasted from one to two 
hours. 

The interviews included both the recalling of important events and the informants’ 
beliefs about important factors influencing the implementation process. When recalling 
facts, the informants were relying on their memories. This made it necessary to return to 
documents and search for new sources to verify the events mentioned in the interviews. 
Statements in the interviews also required a further investigation and analysis of certain 
events using additional sources of evidence.  

The interviews were synthesized and analyzed based on notes taken and from repeated 
listening to the recordings of the interviews. The informants were given the opportunity to 
review a draft of this case study description. Two of the informants responded with 
confirmation and with minor corrections, clarifications, and further contributions. 

4.2 Structure of the case study report 
The first part contains a chronological presentation of major events and the second part is 
a thematic presentation of important aspects and their evolution over time. Finally, the 
third part describes the implementation process of ePrescribing with an analysis of 
preconditions and success factors. The chronological presentation begins with the early 
pioneering years in the 1980s (4.3 Early pioneering phase) in order to give a background, 
and is followed by a history of important events in the evolution of ePrescribing (4.4 
Evolution of an information infrastructure for ePrescribing). These events are linked to 
different phases of growth: pioneering, growth and consolidation. The second thematic 
presentation describes important aspects of an information infrastructure and their 
evolution: 

• 4.5 The use of standards. Standards are important enablers for interoperability 
(see 2.3 on standards). How they were used and evolved in ePrescribing is 
described in this section. See chapter 5 Improving interoperability in 
ePrescribing – a field study for further details on the use of standards. 

• 4.6 Infrastructure for communication – from point-to-point to national 
repository of prescriptions. The mode of communication has evolved 
considerably since the early years from point-to-point to centralized 
communication (see also 2.2.3 on gateways and IT-capabilities of an 
information infrastructure). 



 
 

• 4.7 Institutional objects in ePrescribing. Institutional objects are essential for 
successful communication (see 2.2.3 on institutional objects). How identifiers 
and register of these objects was created and evolved is described in this section. 

The third part is focused on the implementation process. Section: 

• 4.8 The implementation process describes events and factors that influenced 
the implementation process of ePrescribing in Sweden. 

• 4.9 Economic, legal, and organizational issues in implementing ePrescribing, 
describes how different economic, legal, and organizational challenges were 
managed. 

• 4.10 Success factors in the implementation process summarizes the key 
informants view on success factors in implementing ePrescribing in Sweden. 

The chronological format of the case study report helped the process of writing and 
organizing events, to find and fill gaps, and reflect on what happened in different phases 
of the evolution. The chronological organization of events highlighted the long-term 
gradual evolution of conditions and events. The three phases presented - pioneering, 
growth, and consolidation - were not assumed a priori but were found to be a natural way 
of organizing the material in the final written form. 

The thematic organization of the case study findings is based on a characterization of the 
successive events. It has also been influenced by the experiential knowledge accumulated 
as an insider researcher, with knowledge about the context in which certain events took 
place. The theory on ePrescribing (see 6 A practical theory on ePrescribing) and the 
findings from the field study of the improvement project (NEF) (see 5 Improving 
interoperability in ePrescribing – a field study) also influenced the thematic analysis. To 
some extent, extant theories about infrastructure development influenced the decision to 
emphasize the evolution of the information infrastructure and its governance. 

4.3 Early pioneering phase 
The early years of ePrescribing in Sweden, described in the PhD thesis [162] by one of the 
pioneers, Bengt Åstrand (see also [163, 164] for a short historical account of development 
of electronic prescriptions in Sweden), goes as far back as 1983 when the world’s first 
electronically transferred prescription was sent from a medical doctor’s office to an 
outpatient pharmacy. This early development was a result of a cooperation between local 
medical clinics and local pharmacies. The initial ideas generated in this cooperation were 
not primarily to make electronic prescriptions but to find out the best support for medical 
doctors in their daily practice. There was a strong focus on decision support functions such 
as drug-drug interaction controls, warnings about medical drugs influence in certain 
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conditions such as pregnancy, et cetera. The focus was on doctor’s workplace systems, 
‘LTS’ (Läkarnas Terminal System – Doctors’ Terminal Systems). 

In addition, the first introduction of personal computers (PCs) at that time made it 
possible to test and pilot new ideas, such as for medical doctors to use desktop computers 
for prescribing and handling patient health records. [165-168] The early initiatives had for 
the time very advanced functions such as a touch screen and recommended prescriptions 
for different diagnoses. These early initiatives were followed by different pilot projects 
including experiments with handheld computers. These pilot projects were collaborations 
between regional health care organizations and the NPC. The projects were always locally 
implemented. The NPC developed an information system for dispensing prescriptions, 
ATS (Apotekens Terminal System – Pharmacy Terminal System). By 1985, all the 
Swedish pharmacies were using this information system. The system was mainly for 
logistics, for writing prescription container labels49 to be placed on the medical drug 
packages, for collecting information for reimbursement, and for national statistics on 
dispensed medical drugs. 

During the 90s different local projects continued, but there was no real increase in 
volume of ePrescriptions. One factor that could explain why the regional county councils, 
which organized health care, did not focus on ePrescription in the 90s, were efforts to 
develop and implement Electronic Health Record (EHR) systems in different county 
councils during the 90s. By 1994, 85% of the primary care centers had implemented EHR-
systems and there were 27 different products available on the market, many of them 
developed by small software companies in close liaison with clinicians. Still, the use of 
EHR-systems in hospitals was low and the development much slower, to reach 85% in 
2009. [171] 

4.4 Evolution of an information 
infrastructure for ePrescribing 

The implementation of ePrescribing in Sweden has been a long process since 1983, 
including the development of a complex infrastructure for ePrescribing. It is necessary to 
understand that the precondition for developing ePrescribing, in which the mere transfer 
of a prescription is only one part, is the evolution of a whole infrastructure to manage the 
prescription in the different stages of ePrescribing. ePrescribing includes the whole 
process from meeting with the patient, making and communicate a prescription, requesting 
and dispensing a medical drug to a patient, and the follow up of the medical treatment by 

                                              
49 According to legislation in Sweden [169], the name and birth date of the patient, the prescribers name, 

the dispensing pharmacy name, the date of dispensing, the number of packages dispensed, and instructions 
of use (dosage instructions) must be shown on the prescription container label that is glued on the medical 
package by the pharmacist. See also [170] for a definition and use of the term prescription container label 
in an international context. 



 
 

the health care both individually and in general. It is a continuous workflow in and between 
the health care provider and the pharmacies. [8, 162] 
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Figure 11 Number of prescriptions per year (million) from Bengt Åstrand [162] with the addition of 
major events that influenced the implementation of ePrescribing in Sweden. 



 
 

In this section, we describe the major events in the evolution of ePrescribing in Sweden. 
For an illustration of the pace of growth of ePrescribing in Sweden, see Figure 11. In the 
figure, we have added major events that influenced the implementation of ePrescribing in 
Sweden. 

To make the figure easier to read, we summarize the major events in Table 6 Summary 
of major events that influence the implementation of ePrescription in Sweden. 

Table 6 Summary of major events that influence the implementation of ePrescription in Sweden. 

                                              
50 Electronic Data Interchange For Administration, Commerce and Transport 

Year Event 

1983 First ePrescription sent to a local pharmacy. 

1983 First national regulation on ePrescriptions and pharmacist’s responsibilities. 

1985 IS for dispensing prescriptions implemented at NPC (ATS). 

1986 Use of barcodes on pharmaceutical packages included in guidelines for Nordic 
article numbers [172]. 

1987 Central Article Register at NPC (ACV). 

1993 MEDPRE – UN standard (EDIFACT50) for Medical prescriptions published. 

1994 EHR-system used in 85% of primary care. 

1994 Medical Products Agency (MPA) recommends the use of Nordic article 
number on pharmaceutical packages and the use of the workplace code in 
prescriptions. 

1996 Law on prescription register, allowing the NPC to store information about 
dispensed prescriptions for the invoicing of medical benefits and to follow up 
prescribing patterns. 

1997 Decree about prescriber register allowing The National Board of Health and 
Welfare (Socialstyrelsen) to administer a register for registered prescribers. 

1998 ACA – a new central register for medical drugs and prescribed consumables at 
the NPC, replacing the old main frame based ACV. 

2000 ePrescription implementation project started at NPC. 

2000 ENV 13607 – CEN pre-standard for medical prescriptions using XML 
published. 
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From the initial pilot project in the 80s, the development was slow and local and by 2000, 
only six percent of all prescriptions were ePrescriptions. 

The implementation of ePrescribing can be divided into three major phases: 

2000 Carelink was formed to promote the use of IT in the health care sector 
including the pharmacy sector. 

2001 ELAK – a forum for cooperation on e-Communication between NPC and 
county councils. 

2002 Common implementation project between NPC and Stockholm county council. 

2002 Work place code must be on prescriptions in order to get reimbursement. 

2002 Legislation on pharmaceutical benefits and generic exchange at pharmacies. 

2004 National Repository for Medicinal Products (NPL) was introduced. 

2004 National mailbox for ePrescriptions implemented. 

2004 A joint project was set up to improve the quality of ePrescriptions, which later 
worked to design and implement a new National ePrescription Format (NEF). 

2005 National Pharmacy Register (NPR) implemented at NPC and made available 
for patients, pharmacists and prescribers. The NPR is a collection of all 
dispensed prescribed medical drugs at Swedish pharmacies. [126] 

2006 National repository for ePrescription to administer the prescription over its 
whole life cycle implemented. 

2006 New National ePrescription Format (NEF) approved by the county councils 
and NPC. 

2007 Common project between NPC and county councils initiated to implement 
NEF. 

2009 NEF implemented in all county councils. 

2009 Use of EHR-systems in hospitals reached 85%. 

2009 Re-regulation of the pharmacy market and the transfer of the information 
infrastructure necessary for prescribing and dispensing of prescriptions at the 
pharmacy from NPC to a state-owned infrastructure company (Apotekens 
Service AB and later the Swedish eHealth Agency in 2014) 

2009 More than 70% of all prescriptions are ePrescriptions. 



 
 

• early pioneering phase from 1983 to 2000 characterized by cooperation 
between the NPC and local medical clinics. In this phase, the possibilities of 
ePrescribing were tested and evaluated in a larger context of a decision support 
for the prescribing process, and different system solutions and techniques were 
investigated; 

• beginning of a growth phase from 2000 to 2006 based on a small but existing 
praxis of electronic transfer of ePrescriptions. Focus was on cooperation 
between different stakeholders leading to the creation of different forums for 
cooperation, which were missing on a national level. This phase also faced new 
demands and needs with the integration of larger county councils in urban 
regions. The stakeholders confronted a number of economic, organizational and 
legal issues. This led to major changes in legislation, new organizations for 
cooperation, and new services based on the electronically transferred 
prescriptions; 

• consolidation phase from 2006 where stability, quality and confidence in the 
ePrescribing services became an important concern. In this phase, the 
ePrescribing process developed from the electronic transfer of prescriptions to 
an infrastructure for the ePrescribing process. 

One interesting aspect of the implementation of ePrescribing in Sweden is the parallel 
development of a common infrastructure for a long period even before they were actually 
used in the ePrescribing process. This made the implementation more efficient with greater 
benefits for all the actors in the ePrescribing process. The common infrastructure was 
based on the use of standards, a technical communication infrastructure, common 
identifiers, repositories of actors, and institutional objects. This common infrastructure 
contained both technical and institutional/organizational structures. The basic 
infrastructure was needed to identify the medical drug in a safe and efficient way, and to 
identify the actors in the ePrescribing process – prescriber, patient, pharmacy, and work 
place. This was very important in order to fulfill the demands of the ePrescribing process. 

The ePrescription is a means to coordinate a process between different stakeholders that 
are involved in a shared process. In this sense, the ePrescription coordinates the 
ePrescribing process both in being an act in itself, by making commitments, giving 
directives and authorizations to actors in the ePrescribing process and in referring and 
identifying actors and medical drugs within the context of the technical, legal, institutional, 
and organizational infrastructure. [42] 

4.5 The use of standards 
In 1993, there was already an international standard for electronic prescription messages, 
MEDPRE [70]. This was an UN/EDIFACT standard. Later, CEN developed a pre-
standard for XML prescriptions, ENV13607, at the end of the 90s, published in 2000 
(ENV13607:2000) [173], at a time when XML was increasingly used with the rise in the 
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use of internet technology. Since 1997, Sweden had been managing the secretariat for 
CEN/TC 251 Technical Committee on Health Informatics. SIS (Swedish Standards 
Institute) developed a Swedish implementation guide for ENV13607. 

However, even in the late 90s the volume of ePrescriptions was very low, with the 
exception of the small county councils in the south (Blekinge) and the very north of 
Sweden (Norrbotten) which had a higher proportion of ePrescriptions but still at very 
moderate levels. 

Communications during the 90s used X.40051 for the EDIFACT/MEDPRE based 
prescriptions or some other communication protocol with modem communication direct 
to the local pharmacy. After 2000, SMTP52  and later web services (SOAP53) came into 
use. The use of web services meant that the communication developed from being an 
asynchronous communication with a relative long response time towards a more 
synchronous communication with a shorter response time. Before, a patient could arrive 
at the pharmacy earlier than the prescription, if the pharmacy was close to the hospital or 
primary care unit, because the electronic transfer of a prescription could take longer than 
five minutes. The long response time also meant that the prescriber had already taken on 
another patient before, theoretically at least, getting a receipt of a successful 
communication to the pharmacy. Thus, in the beginning there was a lack of feedback to 
the prescriber. See Figure 12 for an illustration of the methods of communication in 2006. 

                                              
51 X.400 is a messaging standard specified by the ITU-TS (International Telecommunications Union - 
Telecommunication Standard Sector). 

52 Simple Mail Transfer Protocol (SMTP), protocol for delivering email. 

53 Simple Object Access Protocol (SOAP). 



 
 

 

Figure 12 Illustration of the technical communication infrastructure from a presentation by the author at 
ePrescribing & Medication Management - International EHTEL Conference in Slovenia in 2006 [158]. 

4.6 Infrastructure for communication – 
from point-to-point to national 
repository of prescriptions 

Early in the 1980s and late 1990s, there was only point-to-point communication between 
local medical clinics and local pharmacies. The prescriptions were only visible at the local 
pharmacy in their incoming ‘post’, a kind of local mailbox for prescriptions. Electronic 

prescriptions were regulated as a kind of prescription, which only differed in how it was 
communicated. There were also ‘telephone’ and ’fax’ prescriptions that were regulated 

and used for emergencies. In the first years after 2000, there was still only point-to-point 
communication. However, in larger cities there arose a need to be able to address not only 
a specific local pharmacy but also a whole region. In the larger cities, it was considered 
inconvenient that the doctor had to assign a specific local pharmacy to dispense a 
prescription. In Stockholm, a pilot project started for a regional ‘mailbox’. The legal 
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experts at the NPC were concerned about issues of privacy that arose from prescriptions 
being collected at one central point. 

Legal expertise interpreted the law of prescription register. [174] The first interpretation 
was that collecting prescriptions in one central repository was not allowed, but the second 
interpretation claimed that it was not allowed to save a prescription with refills (iterations). 
If there were iterations (the most common iteration for a continual treatment is four 
iterations per year), a paper prescription had to be printed on a specific prescription form 
for the remaining fills. 

The pilot project continued in Stockholm and was called “Stockholmsbrevlådan” (“The 

Stockholm Mailbox”). This meant that a prescription could be picked up in any pharmacy 
in the Stockholm area. [175] This project was much appreciated by both prescribers and 
customers/patients. Later in 2004, this developed into a national mailbox of prescriptions. 
[176] 

In the larger county councils, there were many EHR-systems sending ePrescriptions to 
the NPC. This fragmented situation called for a centralization of communications on the 
county council side. Particular efforts in this direction were made in Stockholm county 
council, where a common prescription server (GRS - Gemensam Recept Server) through 
which all prescriptions should pass and be verified before they were delivered to the NPC, 
was implemented. This also meant that, in pace with the increase of electronic 
prescriptions, the county councils had better control of issued prescriptions. 

The next step in the evolution of communication was the creation of the national 
repository of prescriptions. This was sanctioned through a change in the law of 
prescription register in 2005. [177] It meant that the prescription could be stored, with the 
patient’s consent, through its whole life cycle, and could be refilled as long as it was valid 
at any pharmacy in Sweden. This improved the situation for patients and minimized the 
risk of losing prescriptions. It also meant that the prescribers did not need to renew a 
prescription that was lost. The risk of double medication due to duplicate prescriptions 
was also minimized. 

During the first decade of the century 2000, XML-based prescriptions (based on 
ENV13607 [173] began to increase in volume and EDIFACT based prescriptions 
(MEDPRE, [178]) were finally phased out in 2009 with the implementation of the new 
National ePrescription Format (NEF). See chapter 5 [8, 9] for more details. 

In addition to the original communication protocols such as X.400 and telephone modem 
communication, SMTP (mail) was used as a reserve routine. Later Web services were used 
with a more synchronous mode of communication. This contributed to improve 
performance (throughput and faster response time) and lower communication costs. 

Initially, there was no real feedback communication from the NPC to confirm that a 
prescription had arrived successfully. With X.400 and the introduction of an acknowledge 
receipt, at least a technical receipt could be communicated using the X.400 standard for 



 
 

receipts from the Message Transfer Agent (MTA) and on the application level using the 
acknowledge receipt message. However, there were still errors in the final internal 
communication between the central servers at the NPC and the local pharmacies, which 
could mean that the prescription had failed to reach the local pharmacy when the patient 
arrived at the pharmacy. 

However, it was not until the introduction of the NEF that acknowledge receipts were 
used for more advanced receipts, signaling the acceptance or rejection of a prescription, 
and therefore also a responsibility for further processing according to agreements between 
the parties.  

With the centralization of the prescription repository, communication failures between 
the MTA and the pharmacy were minimized. Still, the communication relied very much 
on the robustness of the central mailbox or repository. This led to an increased effort to 
secure the continuity of the central mailbox, and later the national repository of 
prescriptions. With the growth of volume, the consequences of a problem with the central 
system would influence all the pharmacies and would make it very difficult to dispense 
any prescription if there was a total stop in services. 

With growth in volume, other issues also become more important, such as the quality of 
the prescription content, and the protection against intended and unintended corruption of 
prescription information or violation of the personal integrity with sensitive information 
about prescribed drugs and diagnoses. In the beginning, there was no encryption of the 
communication of prescriptions. Later, the communication was made through an extranet 
common to all health care providers, called Sjunet, but still no encryption of information. 
Encryption was later implemented using S/MIME54. In the project to implement NEF, 
quality issues of the prescription were addressed by improving the formal alignment of the 
prescription to the format and prescription rules. 

4.7 Institutional objects in ePrescribing 
This section describes the evolution of an information infrastructure (see section 2.1.8 for 
a definition) focusing on institutional objects (see section 2.2.3). Registers of such 
institutional objects must be available and up to date for information infrastructure users 
in order to avoid mistakes and errors. The institutional objects and their identifiers are 
essential for communication and are referred to in the prescription.  

A prescriber issues a prescription to a patient in a context of a particular medical 
treatment. A prescription is a communication act that involves legal rights, directives, and 
commitments. This communication act has many functions. [42] The prescription has 
multiple references. The most important are the references to the actors involved in 
ePrescribing and reference to prescribed medical drugs. For ePrescription, as well for 

                                              
54 Secure/Multipurpose Internet Mail Extensions 



 

 
 

Implementing ePrescribing in Sweden – case study 

interoperation in general, standardized and common identifiers are very important and are 
in many respects a precondition for implementation on a large scale.  

See Figure 13 for an illustration of the complexity of the ePrescription message and its 
links to many identifiers of stakeholders and objects. 

 

Figure 13 Illustration of the complexity of the ePrescriptions message involving many identifiers of 
stakeholders and objects and with different external demands. From a presentation in 2006 by the author 
at a conference in Slovenia on ePrescribing. [158] 

 Identifying prescribed medical drugs 
One important part of the evolution of ePrescribing in Sweden was the ability to identify 
the prescribed medical drug uniquely. In order to have traceability of prescribed medical 
drugs across the ePrescribing process, it was necessary to be able to identify the medical 
drug package. A cooperation among the Nordic countries made possible a common 
identifier of medical drugs packages using Nordic article number. This dates back to 1977 
when there was an agreement between the Nordic countries on how to place article 
numbers on pharmaceutical packages, and in 1986 guidelines included how to use 
barcodes on pharmaceutical packages [172]. In a piece of legislation [179] on the marking 
of packages in 1994, the Medical Products Agency in Sweden referred to the Nordic article 
number as one identifier of the medical drug to be marketed and recommended that it 
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should be printed on the package. The Nordic article number consists of six digits grouped 
in pairs of two digits to be more easily readable by human beings. Today, a Nordic article 
number is mandatory on all marked medical drugs packages55.  

By the 80s, a barcode was printed on the medical drug packages. At this time, it was 
decided that the article number should be part of the barcode. The Nordic article number 
is administrated by the Nordic Number Centre and is today located at the Pharmaceutical 
Information Centre (PIC)56 in Finland. 

By the second half of the 80s, the NPC already had a central register of all sold medical 
drugs. This central register, called ACV, was held in a mainframe computer and distributed 
to the health care services and pharmacies using a floppy disk. This register was to be 
replaced in the end of the 90s by ACA (Apotekets Centrala Artikelregister), which was 
implemented in 1998 at the NPC. This register was distributed daily to ATS (the 
dispensing system at the local pharmacies) and available daily as a file, called JACA57, 
which was produced to be imported into the EHR-systems at the county councils.  

The NPC was responsible for managing this register. From the Medical Products 
Agency, the administrators of ACA received letters reporting decisions about those drugs 
that were accepted to be sold on the Swedish market. The Nordic number center was 
contacted for an identifier for the drug package to be sold; while the distributor in Sweden 
was contacted for complementary information. The information was gathered from 
different sources for the medical drug package to be sold, to form the final information to 
make it available for sales, prescription, statistics, and procurement. 

Because the Nordic article number could be reused for another medical drug, internal 
identities were created at NPC to keep record of each medical drug, describing its active 
substance, strength and form. There are also other identifiers of medical drugs that are 
being created in the approval process at the Medical Products Agency. These include, NPL 
Id and NPL Packid. NPL Id denotes the product (form, strength and substance) and NPL 
Packid denotes the actual package of a certain item quantity to be sold, for example 100 
tablets58. 

                                              
55 Already before the state monopolization of the pharmacies in Sweden in 1970, the Swedish Academy 

of Pharmaceutical Sciences (SAPS), at that time a trade organization for the pharmacies in Sweden had a 
list or card-catalogue of medical drugs that were sold in the different pharmacies, at that time privately 
owned by pharmacists. 

56 PIC acts on behalf of Dansk Lægemiddel Information A/S in Denmark, Pharmaceutical Information 
Centre Ltd in Finland, Lyfjastofnun in Iceland, Legemiddelindustriforeningen in Norway, and 
Läkemedelsindustriföreningen, LIF, in Sweden. 

57 ‘J’ refers to ‘Journalsystem’ – i.e. the EHR-systems. 

58 The Swedish eHealth Agency proposed using NPL Id and NPL PackId as the future identifiers for 
prescribing medical drugs, and this was implemented in 2014. 
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The manual process of administrating the content of the central article register (ACA) at 
Apoteket was to be replaced in 2005. The new process was supported by a system in which 
the different actors in the process of approving a medical drug could assign its sales and 
procurement prices, its status for reimbursement, et cetera, and could provide their 
information to NPL (Nationellt Produktregister för Läkemedel – National Repository for 
Medicinal Products) [180]. NPL is a national repository for all the medical products 
available on the Swedish market. The project of creating the NPL was initiated in the late 
90s, probably in connection at that time with studies and suggestions of deregulating the 
pharmacy market, particularly after the entry of Sweden into the European Union in 1994. 

After the deregulation of the pharmacy market in 2009, the responsibility for the 
information infrastructure for the pharmacy market was transferred from NPC to 
Apotekens Service AB, a state own company, which later became a state authority in 2014, 
the Swedish eHealth Agency. 

 Identifying stakeholders in prescribing 
It is also important to identify the different stakeholders in the prescribing process such as 
the patient, prescriber, work place from which the prescriptions are issued, and the 
pharmacies that have the authority to dispense prescription drugs. Linked to the 
stakeholders’ identifiers, are rights and responsibilities in relation to the prescription. For 
example, prescriber rights to prescribe certain drugs are linked both to the type of 
prescriber: doctor, dentist, nurse, midwife, et cetera, as well as individually to a specific 
doctor or clinic in the case of special drugs (although individual rights are not yet regulated 
in an available register). 

A prescription is always issued to a particular patient for a particular purpose. Thus, the 
identification of the patient59 is very important for a number of reasons such as medical, 
privacy, and security reasons (to avoid frauds and the counterfeit of prescriptions). In 
Sweden, the personal identification number (‘personnummer’) was used from the very 
start as the identifier of the patient. This identifier is useful for identifying all Swedish 
residents. For those who do not have a ‘personnummer’, the health care regions used and 
created different ‘reservnummer’ (reserve numbers) to be able to deal with those patients 
that were not permanent Swedish residents. Unfortunately, these are not standardized on 
a national level and the health care regions have different administrations and different 
formats. This made it impossible to use ‘reservnummer’ to identify a patient (who did not 
have ‘personnummer’) outside the health care region that had issued the ‘reservnummer’. 

                                              
59 It is also import to have an account at the pharmacies of family relations, when dispensing prescriptions 

to children in order to manage the children’s reimbursement account. Who has the right to ask dispensing 

of a prescription on behalf of a child is complicated, sometimes by the fact that both parents have the right 
to do this after a divorce. Family relations are not considered when issuing a prescription but are useful 
when dispensing. Another issue is who has the mandate to request for dispensing a prescription on behalf 
of a patient in for example the home care services. 



 
 

Instead, the birth date was used, and a regulation was put into place that all such 
prescriptions had to be sent to and be filled at a specific local pharmacy, to ensure the 
correct identification of the patient. The Swedish Taxation Authority issues the 
‘personnummer’. 

Prescribers are identified by a prescriber code, which the prescriber is assigned when 
approved a license to practice as a doctor, nurse or dentist. The National Board of Health 
and Welfare (Socialstyrelsen) administer a register of prescriber codes. For those doctors 
in medical internship (AT), who have not yet received their license to practice, but still 
need to be able to prescribe, a so-called group number is used. 

The workplace code on the prescription identifies the work place where the prescriber 
issued the prescription. Since 1 October 2002 [181], according to a new law on 
Pharmaceutical Benefits, there must be a work place code on a prescription to get it 
reimbursed. As long ago as 1994, the work place code was recommended to be on the 
prescription according to prescription rules [179]. It was then mainly used for reporting 
sales statistics per work place to the health care regions. Thus, this identifier has evolved 
to be used for different purposes. 

The development of the prescriber code and work place code is closely related to the 
shift of the responsibility for financing the reimbursement of medical drugs in 1998 from 
a state authority (RFV - Riksförsäkringsverket) to each regional county council. This 
meant that the NPC should invoice reimbursement benefits to the regional county councils 
instead of the state authority. For this reason, a new law regulating a prescription register 
[174] was passed. The law allowed the NPC to register all dispensed medical drugs with 
information such as dosage, diagnosis, price, reimbursement, patient, prescriber, and 
workplace in order to invoice and report to the workplace. This meant that the regional 
county councils also became interested in knowing what had been prescribed, not only for 
quality assurance but also for reduction of costs. In some county councils, there was a 
demand that all prescriptions (on paper) should have a barcode. At first, this was a glued 
etiquette with a barcode containing the prescriber and workplace code, and later this 
became preprinted barcodes on the prescription form. This caused some protest among 
prescribers and a number of solutions for administering this was put forward. [182-184] 
Interestingly, in one comment on this, it was foreseen that ePrescriptions would solve the 
problem and there was a strong optimism that in a few years there would be no more paper 
prescriptions60. [184] 

The pharmacies were identified by a Pharmacy id which at the beginning was an id issued 
by the NPC. An EAN-location number later complemented this, and today, a Pharmacy is 
identified by a GLN (Global Localization Number - earlier called the EAN-location 

                                              
60 In the interview with the pioneer in ePrescribing, the interviewed referred to Steve Job’s biography, 

saying “we always overestimate in the short term and underestimate in the long term” when commenting 

on the somewhat optimistic expectations of the 1980s. 
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number). This GLN identification is used when addressing a prescription to a local 
pharmacy. This means that the EHR-systems needed to have a register of all approved 
pharmacies in Sweden. This register was first administered by the NPC and was called 
‘apotekslistan’ (the Pharmacy list). Today, the Swedish eHealth Agency, administrates 
this register. 

Thus, in the 90s there were already a number of identifiers available for use in an 
electronic prescription. On a paper prescription, the article number for the medical drug 
was not used. Instead, the name of the drug had to be written as well as its strength, form 
and the duration of treatment or total quantity of the medication. At the pharmacy, this 
was then transformed into actual packages. Thus, the article number was first used at the 
pharmacy for managing the different packages for dispensing, pricing, and logistic 
purposes. When the article number was to be used on electronic prescriptions to safely 
identify a medical drug, there were some demands from the prescribers to go back to a 
“yellow prescription” (the paper prescription form was yellow) even for electronic 
prescriptions. Although there have been many suggestions about how to prescribe in a 
more “generic” way, the electronic prescription is still a prescription on the package level. 
To be able to prescribe on a more generic level, generic substance or product level - 
identifiers have to be defined and administrated. 

For the extempore prescription of (medical drugs to be manufactured ‘for the moment’ 

for a particular purpose or adapted to a patient), and licensed medical products (when the 
identification number is not published in the NPL for products that need a specific license 
from the Medical Products Agency to be prescribed and dispensed), two different ‘pseudo’ 
article numbers are used. Instructions to the pharmacy are written in the field for 
instructions for use, where dosage instructions normally are given in an electronic 
prescription. 

4.8 The implementation process of 
ePrescribing 

In this section, we will describe some important events and factors that influenced the 
implementation process of ePrescribing in Sweden. With implementation process we 
mean implementation from point of view of the work practice, the organizations and 
stakeholders involved. The focus is not on the technical implementation of the IT artifacts, 
even if they were a necessary part, but on the initiation, adoption, adaptation, and 
acceptance of ePrescribing by the organizations and stakeholders. 

 The description is based on interviews with some of the main participants as well as 
documents reporting the implementation process. The description begins with the 
perspective of the NPC and then from the perspective of a major county council. 



 
 

 From early experience to strategic initiatives 
In the pioneering phase during the 80s and 90s, the activities continued but were on a low 
level. In this phase, experience was gained and expectations of the different stakeholders 
were created. See section 4.3 Early pioneering phase. The NPC never stopped assigning 
resources for its continuation during these years, even if on a low level. This situation 
changed at the end of the 90s and the coming years, which saw a number of strategic 
initiatives evolve. 

Initiatives from the National Pharmacy Corporation 
At the end of the 90s, there were a number of strategic workshops (‘Rådslag’) at the NPC. 
One strategic goal decided was to start a project to implement ePrescribing on a larger 
scale in Sweden. 

A project manager was assigned in 2000. At that time, the NPC had the tradition of 
engaging project managers with an understanding of the subject matter rather than 
professional project managers with administrative skills. The small project team that was 
set up were familiar with the work practice of prescribing and dispensing. The project was 
therefore not an IT project. 

The situation was that ePrescription existed as a technology, which was used in some 
smaller county councils in the very north and south of Sweden. The task of the project 
group was to implement ePrescribing nationwide in Sweden. Thus, the focus was not so 
much on introducing new technology but on implementing an already existing solution. 

The main benefits of ePrescriptions expected by the NPC were to be able to prepare 
prescriptions in advance, in order to be ready when the customer arrived at the pharmacy. 
This failed to be realized; particularly when new legislation was passed in 2002 [181, 185] 
that demanded that the Pharmacies should change the prescribed drug to a less expensive, 
equivalent generic medical drug. 

This meant that it was not a very good idea to prepare the prescription in advance, as it 
was not known beforehand which medical drug would be dispensed. Viewing an 
ePrescription as an order61 to a pharmacy did not work out well. 

In the 80s, one of the main benefits expected from ePrescriptions, from the health 
professional’s point of view, was to minimize the work to rewrite lost and renew old 
prescriptions. For the pharmacy, the benefits of ePrescriptions were that the pharmacist 
did not need to reregister the prescription and interpret doctor’s handwriting regarding the 

                                              
61 In fact, a prescription is rather a right for the holder of a prescription to get a prescription filled and a 

mandate for a pharmacy to dispense a prescription. See chapter 6.5 Socio-pragmatic communication 
analysis of ePrescribing for an analysis of a prescription and its different functions. 
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medical drugs and instruction for use. This was also seen as way to improve patient safety, 
as it was often difficult to interpret the handwritten instructions from the prescriber. This 
could require direct contact with the prescriber when dispensing a prescription while the 
customer was at the desk. Another expected benefit was that ePrescriptions would be more 
difficult to counterfeit. 

One early initiative of the project was at first a failure, but later opened the way for the 
successful implementation of the project. The project team contacted software vendors of 
different EHR-systems on the market to discuss the implementation of ePrescribing in 
Sweden. The reaction from the county councils was negative; arguing that is was not the 
business of the NPC to contact the software vendors, who were actually software providers 
to the county councils. This initial failure turned into a long and fruitful period of 
cooperation between the regional county councils and the NPC to implement ePrescribing 
in Sweden. 

To foster the cooperation a common forum for discussion and cooperation was formed 
in 2001, ELAK (E-kommunikation mellan Landsting, Apotek och Kommuner, in English: 
e-Communication between county councils, pharmacies and municipalities). An 
additional organization that played a role in implementing ePrescribing in Sweden was 
Carelink, an organization that provided a forum for cooperation. Carelink was formed in 
2000 by the Federation of County Councils, the Association of Local Authorities, the 
Private Health and Social Care Employers' Association and the NPC. The aim of Carelink 
was to promote and coordinate the use of IT in the health sector. Although Carelink was 
not the driving force in the implementation of ePrescribing in Sweden, it played an 
important role in convincing the directors of the county councils that ePrescribing was a 
good idea. 

Fairly soon after the strategic initiative taken in 2000, the most important county councils 
around the major cities joined with NPC to implement ePrescription. However, in the 
beginning, the pace was rather low in terms of ePrescription volumes. Some of the smaller 
county councils were faster in implementing ePrescription. The county council in 
Norrbotten (very north of Sweden) topped the list with about 90% of all prescriptions in 
2003, while in one major county council the same year only 1% of all prescriptions were 
ePrescriptions. 

The NPC soon established common projects of implementation with the different county 
councils. Some county councils had well prepared implementation plans, while in others, 
plans were more ad hoc. The cooperation between NPC and the county councils for 
implementing ePrescribing involved important activities such as creating awareness, joint 
preparation and education of prescribers and pharmacists at the local level. In addition to 
newsletters, visits and seminars, nationally and locally, the NPC published a chart 
comparing the state of implementation of ePrescription in different county councils. This 
worked as a kind of contest between different county councils and according to the 
informants influenced the decision makers as “no one wanted to be the last”. 



 
 

There seems to have been no major difficulty to explain the benefits of ePrescribing and 
motivate prescribers, pharmacists, or patients to use ePrescriptions.62 What seems to have 
influenced the pace of implementation was the ability to convince management on both 
sides to invest enough resources and prioritize implementing ePrescribing. 

In 2002, there were four EHR-systems that could send ePrescriptions while six other 
systems were underway in developing and implementing ePrescriptions. [189]  

There were very optimistic expectations on the part of NPC that 80% of all first-time 
prescriptions from primary care63 should be ePrescriptions by 2003. From 2003 to 2004, 
the share of ePrescriptions from primary care increased from 17% to 32%. In Norrbotten, 
95% of all first-time prescriptions were ePrescriptions in 2004. One major county council, 
Stockholm, finally increasing their volume after a longer period of preparation, explains 
the increase in volume. Furthermore, the fact that more EHR-systems could send 
ePrescriptions fueled the increase. A major county council like Stockholm confronted a 
greater complexity because they had a larger number of different EHR-systems that had 
to be integrated to their ePrescription server, with more demanding testing and approval 
that this required. [190, 191] 

Thus, from 2002 to 2004, there was an important increase in the number of 
ePrescriptions. After this initial growth, the development of ePrescriptions entered a phase 
of continued growth with a new focus of maintenance, quality, stability, security, et cetera. 

Strategic initiative from a major county council 
At the end of the 90s and beginning of 2000, the major county councils considered 
ePrescribing as an important part of their overall medicine strategy. There were some 
visionary ideas for ePrescribing. One idea was that the patient could fill the prescription 
anywhere in Sweden. Concepts were also developed which focused on different 
knowledge services64, such as drug-drug interaction control, warnings in relation to 
pregnancy, allergy, weak kidneys, et cetera. There were also visions about the actual use 
of information in ePrescribing, rather than a focus on the prescription form. 

In 2001, the Stockholm county council made a strategic decision to use a common 
prescription server (GRS). All ePrescriptions from EHR-systems in Stockholm county 
council should pass through this server. This meant that the county council could control 
of the communication and assure its quality and reliability. This was seen as a necessary 

                                              
62 See [186-188] for studies about the attitude of physicians, pharmacists and patients towards 

ePrescribing. 

63 As mentioned earlier EHR-systems were not implemented to the same degree in the hospitals compared 
to primacy care. 

64 Similar to the views already discussed in the early 80s. 
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step to assure the trust in ePrescribing. Trust was seen as a very important factor in 
implementing ePrescribing. 

A project manager in Stockholm county council was assigned in 2000. The project´s 
approach was to be very systematic in building an organization, develop, and deploy a 
structured implementation process. In 2002, a common project between Stockholm's 
county council and the NPC, ‘ePrescriptions Stockholm’, started. The purpose of the 
project was to introduce ePrescribing in a safe and effective manner. During this project, 
an implementation model was developed and used. In addition, the stakeholder’s attitudes 
towards ePrescribing, their expected benefits and the use of the implementation model 
were evaluated in the project. [192] 

One objective of the implementation model was to support a structured and well-
prepared introduction of ePrescribing at the health care units, in order to create conditions 
for a fast and smooth implementation. Other objectives were that all the participants should 
have the same information and to strengthen the cooperation between the local pharmacy 
and the health care units. This to achieve a high quality and volume of ePrescribing. In 
addition to the implementation process, the model also contained preparatory work and 
maintenance after the implementation of ePrescription. 

Before the introduction of the common project with NPC, there had been a history of the 
county council being unsuccessful in their cooperation with the NPC. However, the 
ePrescribing project implied that new ways of cooperating were developed, which proved 
to be successful and influenced cooperation in other areas. 

 From initial growth to consolidation 
With the initial growth in the first half of the first decade of 2000, new needs and problem 
arose. One issue concerned capacity. Both the county council and the NPC informants 
stated that trust in the technology was very important for the implementation of 
ePrescribing. As one informant worded it, “you get only one chance.” 

The informants gave some interesting examples of benefits of the inter-organizational 
cooperation, which could make it easier to argue internally for funding of the IT resources 
in respective organization. Demands from an outside partner are sometimes a better 
“argument” than from insiders that compete with other insiders for more resources. In this 
sense, ePrescribing is a commitment to the outside, to prescriber organizations, 
pharmacies, and to patients and customers. This is a new situation for the organization and 
the IT-department. In the same way, the maintenance of the software becomes part of an 
integrated environment, where decisions for one system have effects on systems and 
processes geared towards the outside. This is also true for the support process, which also 
has to involve inter-organizational aspects. 



 
 

One example of how to cope with this increased interdependence was the cooperation 
between the Stockholm county councils and NPC on the level of handling technical, work 
practice, and medical care quality, linked to ePrescribing65. 

Inter-organizationally, there were also new challenges in the interaction with the external 
demands and the function of ePrescribing, where changes in the internal infrastructure and 
dispensing systems could affect ePrescribing. This also influenced the support process and 
problem solving. Incidents reports were required to be directed both internally and 
externally and new ways to communicate and handle incidents inter-organizationally had 
to be established. In case of serious incidents, other parts of the organization from 
marketing to the media department could be involved.  

ePrescribing incidents are very serious, not only from a patient safety perspective, but 
also from the demands of the patient to immediately get access to the ePrescription at any 
pharmacy in Sweden. Serious incidents can also affect the confidence in the organization. 
Queues build up very quickly and even if in most cases the need for medication is not 
acute, it cannot wait too long. A worst-case scenario that was discussed between county 
council and the NPC was a stop in the ePrescribing systems for a period of half an hour to 
one hour, something that would quickly affect tens of thousands of customers all over 
Sweden. The effect of such a worst-case scenario was analyzed and used in arguments to 
improve the robustness of the ePrescribing systems, both on the prescriber and the 
pharmacy side. With an established growth in ePrescriptions these issues became more 
and more pressing. 

To manage these issues, organizational structures and processes need to be created both 
intra- and inter-organizationally. One important step in this direction was the work of 
discussing and approving an eCommunication agreement with an additional support 
agreement. This agreement did not only regulate the exchanged ePrescription messages, 
but it regulated also how support as well as incidents should be handled. In discussing the 
e-communication agreement between each county council and the NPC, there was an 
opportunity to discuss the different responsibilities of the involved parties, and where the 
responsibilities started and ended. 

Another issue that arose with the growth in volume was related to the content of the 
prescription. At one level, there is a question of adherence to an agreed form and structure 
of a prescription. This is usually defined in an exchange agreement of the message format, 
which regulates for example mandatory information, data types, and the minimum and 
maximum lengths of different fields. 

                                              
65 The author was involved in this activity representing the National Pharmacy Corporation as a service 

leader for ePrescription. 
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Another side of this exchange agreement concerns the agreed meaning of the different 
terms used. This agreed meaning is based on a process of achieving a mutual 
understanding and which result is documented in an agreement on definition of terms. 

A third aspect concerns regulating the valid content of a prescription according to 
prescription rules, which are regulated by legislation and in some cases by agreed praxis. 
With a growth in volume, even a small amount of error will cause problems for the 
ePrescribing process. It can make the process costlier in terms of cost for corrections, and 
increased direct contact between the pharmacist and the prescriber to clarify the content 
of the prescription, and to agree on a correction. This will lead to delays in term of queues 
and frustrated customers. 

To meet these challenges a common project66 was set up with a number of county 
councils to improve the quality of ePrescription content in terms of agreements to format 
and prescription rules. Carelink later coordinated this project. A technical group was set 
up with participants from the NPC and some county councils to work out a new proposal 
for a National ePrescription Format (NEF). The county councils and the NPC approved 
this proposal. It also contained a new process for the approval of EHR-systems. 

This development pointed to a need to set up a process and organizational structure for 
the management of this new format. It was decided that Carelink should host this process. 
Later a common NEF maintenance group responsible for maintaining the NEF format was 
created and hosted by Apotekens Service AB. Before this, there was no common 
administration and maintenance of the rules and format of exchange of ePrescriptions 
between the county councils and NPC. 

After approval in 2006, it took three years before all ePrescriptions complied with the 
NEF format. The implementation process consisted of making an implementation plan for 
each county council and EHR-system. To succeed with these plans (the deadline had to be 
changed several times), it was necessary to convince all county councils of the necessity 
and need to order a change to their EHR-system or to upgrade to a specific version. This 
meant many meetings, seminars, and telephone conferences. The cooperation between the 
county councils and the NPC established in the initial growth phase of ePrescriptions was 
expanded to all the 21 county councils in Sweden. In the summer of 2009, all 
ePrescriptions in Sweden from all the approved 16 EHR-systems, followed the new 
national format. 

For further details about the improvement of interoperability in ePrescribing due to the 
intervention to improve the quality of the ePrescription, see chapter 5, which contains a 
field experimental study of the situation before and after the intervention. 

                                              
66 At first it was called ELF – Elektronisk LäkemedelsFörskrivning – Electronic Prescription of 

Pharmaceutical, and then later became NEF – National ePrescription Format. 



 
 

4.9 Economic, legal, and organizational 
issues in implementing ePrescribing 

From 2000 onwards, there arose a number of economic, legal, and organizational 
challenges that had to be faced in implementing ePrescribing in Sweden. 

 Economic challenges 
The economic challenges were linked to financing the implementation of ePrescribing. 
The county councils suggested that the NPC, as they were considered to benefit the most 
from implementing ePrescription, should pay a fee for each ePrescription. In addition, a 
commercial company offered to build a web application for ePrescriptions and suggested 
that the NPC should pay a fee for each ePrescription transferred. These proposals were not 
accepted by the NPC and there was an agreement that each party should cover its own 
costs. There was, however, a common financing of the forums for cooperation like 
Carelink. 

With no common financing, the challenge was to face the problem of the different 
priorities of the different county councils and of the NPC. This meant that one important 
activity of the major stakeholders and the common forums like Carelink was to convince 
different decision makers about the need to prioritize and make resources available to 
implement ePrescribing. Swedish state authorities supported the implementation of 
ePrescription in policy documents, although not through direct financing. Although the 
NPC was state-owned, it made its own priorities and there was no “ear-marked” funding. 

Thus, different levels of stakeholders, project leader, steering groups, et cetera, needed to 
work by themselves for internal financing and engage other stakeholders. Given the 
character of an inter-organizational project, the major stakeholders could use pressure and 
demands from the “outside” to their own advantage to gain support and financing in their 
own organization. This was an effect of viewing the “outside” as important partners and 
the project as part of building confidence and a relationship. In fact, the ePrescribing 
project was one important step in improving relations and cooperation among the 
stakeholders. From a situation where at the beginning most of the benefits were attributed 
to the NPC, there evolved an understanding of mutual benefits. 

The informants stated that there was a need for a clear vision of the benefits for all 
stakeholders and a constant need to convince internal and external decisions makers to get 
the necessary funding. The stakeholders who were directly involved – prescribers, 
pharmacists, and patients – quickly accepted the use of ePrescription. The challenge was 
to convince the decision makers to provide funding and make prioritization of resources. 
In the NEF project, it was very important to be able to phase out the old format and get all 
the county councils to pay for an upgrade of their EHR-systems at all health care centers 
in all the 21 county councils. To achieve this, the common implementation project between 
the county councils and NPC agreed on a deadline after which the old format would no 
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longer be possible to use. Even if this deadline had to be moved, it was a good incitement 
for change. 

 Legal aspects 
Legal aspects are very important in implementing ePrescribing, as it is a highly-regulated 
process. The challenges are many. One is that legislation differs between the health care 
sector and the pharmacy sector. In Sweden, there are also different authorities that regulate 
the different sectors. The National Board of Health and Welfare (Socialstyrelsen) regulates 
the health care sector, while the Medical Products Agency (Läkemedelsverket) regulates 
the pharmacies and the manufacturing and marketing of medical drugs in Sweden. The 
Dental and Pharmaceutical Benefits Agency (TLV), regulates prices and medical benefits 
and the Data Inspection Board (Datainspektionen) is an authority that influences matters 
of security and privacy in the ePrescribing process. Thus, different laws and regulations 
regulate different aspects of ePrescribing. 

These regulations influence all levels of implementation both at the pharmacies and in 
the health care sector. Here, we will mention some important issues that have been dealt 
with in the implementation of ePrescribing: 

• recognition of ePrescription as a legally accepted type of prescription; 
• central storing and access to ePrescriptions; 
• management of the ePrescription during its whole life cycle; 
• rules for change of ePrescriptions. 

The first issue, the recognition of the ePrescription as a legally accepted phenomenon 
was early legally defined as the electronic transfer of a prescription. It was essentially a 
phenomenon of a mode of communication. It was then assumed that it was not allowed to 
store a prescription electronically, although this was not explicitly forbidden. This meant 
that the mailbox metaphor was used to describe the communication infrastructure for 
ePrescriptions. The Medical Products Agency together with the NPC defined a paper 
format for the ePrescriptions. The Medical Products Agency was not involved in the 
definition of the format for an electronic prescription, only its reprint on paper. 

There was a regulation that there must exist an agreement between the prescriber and the 
NPC regulating the electronic transfer of a prescription. However, it was very impractical 
to have an agreement with every prescriber and the NPC interpreted this to be an 
agreement with the prescriber’s health care organization on the county council level or 

with some other principal representative in the case of a private health care agent. 

It seems that the early legislation reflected the local character of transferring 
ePrescriptions in the 80s and 90s. This had to be changed due to the demands from larger 
county councils in the urban areas and with the growth in the volume of ePrescriptions. 
This led to attempts to change the legislation to allow central storing of the ePrescription 



 
 

with the patients consent at the pharmacy67. The change in legislation meant also that 
changes made to the prescription, for example a correction of instructions for use, could 
be recorded and saved for future dispensing. It was also possible to convert a paper 
prescription into an ePrescription and vice versa. This meant that an ePrescription became 
an original object in its own right with its own life cycle. 

Another legal matter considered was who had the right to annul a prescription. Initially 
it was interpreted that it was only the pharmacy that could annul a prescription at the 
request of the patient or in case of emergency. However, the prescribers claimed a need to 
be able to annul the prescription in their system with the effect that it was annulled in the 
national repository of prescriptions. This was a difficult issue and included matters such 
as which prescriber had the right to annul a prescription and under which conditions. 
Today, it is possible to annul a prescription on the request of a prescriber or of a patient 
under certain conditions. 

In sum, the legal challenges were approached in a number of ways. With the 
development of ePrescribing, new demands and needs arose which could conflict with the 
existing legislation. In some cases, the legislation was fast to adapt, such as in the case of 
accepting ePrescription as a mode of communication, but slower to codify the status of an 
electronic prescription as such. The need to view an ePrescription as having at least the 
same status as a paper prescription as an original, with a life cycle and history (all the 
dispensing history was recorded with labels on the front and back of the prescription form) 
evolved early in the visions of stakeholders in ePrescribing, particularly from the NPC. 
There was a long-term cooperation between the NPC and the authorities around 
prescription rules and new laws concerning registers. The fact that there were several 
reforms during the first decade of the century, demanding major revisions and changes in 
the regulation of the pharmacy market, were also opportunities to include changes to the 
legislation, which were beneficial for the ePrescribing process. Moreover, the fact that the 
county councils also benefitted from a more integrated ePrescribing process was probably 
a positive factor. Also, the fact that there was no breach of patient privacy reported in 
relation to ePrescriptions contributed. The relatively few incidents with ePrescriptions 
have mostly been attributed to technical failures of an arbitrary nature. This has 
contributed to trust, confidence and acceptance of the ePrescribing process. This taken 
together could have had a positive influence on the legalization process, as ePrescription 
was viewed by the public, stakeholders, and policy makers as a positive phenomenon. The 
common project between the county councils and NPC gave also the opportunity for the 
stakeholders to arrive at a common interpretation of the application of the legislation, 
which helped to overcome certain legal barriers on the project level.  

                                              
67 It was not considered necessary that the prescriber had the consent from the patient when issuing the 

prescription, but it was decided that it would be the task of the pharmacy when the patient requested the 
prescription for the first time. 
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 Organizational challenges 
The organizational aspects have been dealt with in section 4.8.1 and 4.8.2. One thing to 
note is that the cooperation, which evolved between the health care sector and the NPC, 
was essential for the success of the implementation of ePrescribing. Different types of 
organizational mechanisms were included: 

• project organizations, which could be multilateral between the NPC and 
different county councils or between local pharmacies and local medical clinics 
in the early years, as well as common projects involving all the county councils 
and the NPC, for example in the implementation project of NEF. This 
organizational mechanism was used for major changes; 

• service operation organizations, which have been multilateral for managing the 
communication of ePrescriptions using e-communication and support 
agreements as governance mechanisms. This organizational mechanism ensures 
the operational continuity of services; 

• long-term forums for cooperation and management between the health care 
sector and the pharmacies such as Carelink, and sub groups like ELAK and the 
NEF maintenance group. Their long-term work facilitated the creation of an 
information infrastructure in terms of identifying the actors and objects in the 
ePrescribing process, together with the creation of an organizational control of 
these information resources. These types of organizational mechanisms are a 
basis for establishing trust and cooperation in the long term, which influence the 
economic, legal, and organizational aspects related to ePrescribing. They ensure 
the long-term management of the ePrescription service; 

• promoting policies, providing directions on standards, methods and 
technologies. The Swedish Standards Institute (SIS) contributed in the national 
implementations guideline of ENV 13607. Carelink also played a role in 
promoting policies and standards on encryption of ePrescription, and the 
authentication of prescribers. The Data Inspection Board had a governing 
influence on integrity and privacy matters in ePrescribing.  

The implementation process of ePrescribing was characterized by the evolution of 
organizational mechanisms as the need arose, fostered by the existence and creation of 
long term forums for cooperation, a combination which probably was a success factor. 

4.10 Success factors in the implementation 
process 

In the interviews with the representatives from NPC and the Stockholm county council, 
one focus was on factors and events that influenced the implementation of ePrescribing in 
Sweden. The successful implementation of ePrescribing in Sweden, and the role of the 



 
 

informants, has been publicly recognized through different achievement awards. Based on 
the interviews, we have summed up and synthesized the major success factors. 

From the point of view of the informants from the NPC, some success factors for the 
early and continued growth were: 

• a driving actor that was consistently and constantly pushing for ePrescription 
in the early years by keeping resources even at a low level and later taking a 
strategic initiative to push for the development. In Sweden, the driving actor 
was a state-owned pharmacy corporation, but in Denmark, which had a 
deregulated pharmacy market, it was initiatives from the county councils and 
central government authorities that played the role of driving actors; 

• common implementation projects with the county councils and common forums 
to solve problems; 

• a pragmatic attitude and a will to solve problems or overcome obstacles when 
they occurred in the cooperation between the NPC and the county councils; 

• acceptance of ePrescribing by the actors involved in the work practice, such as 
the patients, prescribers [193], and pharmacists. The patients accepted it 
immediately. The prescribers and pharmacists adapted quickly and changed 
their work practices to use ePrescribing instead of paper prescription; 

• ability to convince decision makers with arguments about the benefits; 
• create and maintain trust in the process and technology that must be robust and 

safe; 
• implementation strategy adapted to the county councils and the local needs for 

education and awareness. For example, technical awareness that problems 
manifest themselves in another way with ePrescriptions. 

Success factors, from the perspective of the county council, in the implementation of 
ePrescribing, can be summarized as follows: 

• trust and confidence between the county council and the NPC; 
• an active and competent steering group with participation from the major 

stakeholders; 
• openness, i.e. no hiding of technical or organizational problems; 
• clear chain of responsibilities in the ePrescribing process, between the county 

councils and the NPC. This was one of the main benefits of using the e-
communication and support agreements to discuss and understand where 
responsibilities start and ends; 

• the involvement of all aspects and issues regarding work practice, technology 
and quality of medical care; 

• understanding that there are different professional languages spoken in the 
different domains; 

• a respect for legal matters. There are different legislations and they are not 
always compatible. It is necessary to try to reach a common approach and 
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interpretation of the legal matters and find practical solutions to the problems 
that arises; 

• a common dialogue, coordinated by the county councils, with the software 
vendors to give clear information and clarify the legal framework; 

• structured forms of cooperation for dealing with daily problems; 
• competition between the county councils regarding the level of implementation 

had a positive influence; 
• an understanding of work practice on both sides of the ePrescribing process; 
• use the implementation of ePrescribing as an opportunity to improve the work 

practice in prescribing; 
• a clear vision and understanding of the benefits for all participants in the 

process. 

4.11 Conclusion 
This case study of the implementation of ePrescribing in Sweden has identified three 
important phases: pioneering, growth and consolidation. The early pioneering phase of the 
1980s and 1990s (see 4.3) was characterized by visionary work regarding decisions 
support systems for medical practitioners and small scale local pilot projects based on 
cooperation between the health care sector and the NPC. These local pilot projects 
demonstrated the feasibility and usefulness of ePrescribing. However, it was not until a 
major county councils and the NPC decided to view ePrescribing as a strategic opportunity 
that a phase of growth was initiated in the beginning of the year 2000 (see 4.4 and 4.8). 
This growth was based on tight cooperation on many levels between the county councils 
and the NPC. With the increase in volume of ePrescriptions, a need for a consolidation 
with a focus on quality and sustainability spurred this development further from the mid 
of the first decade of 2000. 

  



 
 

This development, spanning about 30 years, has a shown a number of important 
characteristic. These include a: 

• variety of organizational mechanisms to manage the increased need for 
cooperation between the actors in the health care sector and pharmacy sector, 
such as common development and implementations projects, processes for 
service operation and long-term development of ePrescribing. One important 
milestone in this development was the creation of an information infrastructure 
organization for ePrescribing, the Swedish eHealth Agency. (see 4.8 and 4.9.3); 

• culture of cooperation and trust68 between the actors involved in ePrescribing. 
(see 4.10); 

• complex information infrastructure to manage the ePrescribing process, such as 
repositories of shared institutional objects (medical drugs, prescriptions, 
pharmacies, prescribers register, et cetera), gateways for communication and an 
installed base of applications to support prescribing, communicating, and 
dispensing prescriptions. (see 4.4 4.5, 4.7); 

• legal and financial framework reflecting and promoting the growth and 
consolidation of ePrescribing. (see 4.9). 

  

                                              
68 Different aspects of trust have been reported by the informants as one important success factor in 

implementing ePrescribing in Sweden. However, these aspects of trust have not been analyzed in detail. 
Söderström et al [194] have developed a trust matrix which they have used to identify trust issues related 
to electronic health records. The trust matrix contains three trust levels: organization, person and 
technology and different aspects of trusting beliefs: ability, benevolence and integrity. 
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5 Improving interoperability in 
ePrescribing – a field study 

This chapter contains a summary of a field experimental study in improving 
interoperability in ePrescribing. The summary is based on two published research 
contributions, which analyze interoperability error before and after an intervention. [8, 9] 
We have added a background to and characterization of the intervention, an overview of 
design decisions made, and further reflections on the findings. 

The study here presented can be viewed as an experimental study. In biostatistics, an 
experimental study is defined as: 

“A comparative study involving an intervention or manipulation”, where intervention is 
“the maneuver used in an experimental study.” [148] (Glossary) 

This study is a field experimental study [195], which means that it is taking place in a 
realistic setting, in a real inter-organizational context. 

The intervention in this experimental study is all the actions taken together to design and 
implement a new National ePrescription Format (NEF) from 2004 to 2009. The 
completion of the implementation of NEF in the ePrescribing process in 2009 provided a 
unique opportunity to study the effects of this intervention by comparing the situation 
before and after its completion. This intervention occurred in the transition from a growth 
phase (from about 2002) to a consolidation phase (from about 2008 and onwards) within 
the context of the evolution of ePrescribing in Sweden. The intervention formed an 
important part of this consolidation process together with other important events. Se 
Figure 14. 

 



 
 

 

Figure 14 Placing the NEF intervention within the overall evolution or ePrescribing. Pre-NEF is the 
period of sampling ePrescription before the completion of NEF intervention and Post-NEF is the period 
of sampling of the ePrescriptions after the completion. 

The field experimental study is an in-depth analysis of the NEF intervention. Confer the 
case study report in chapter 4 and section 4.8.2 to situate the intervention analyzed in this 
chapter. 

Section 5.1 presents a background to the intervention made, in terms of needs to improve 
the quality of communication, the involved stakeholder and the ePrescribing practice. 

The characteristics of the intervention are summarized in section 5.2. 

Design decisions and considerations are described in section 5.3. 

In section 5.4 to 5.8, the objectives, methods, design of the pre- and post-NEF 
measurement and data collection, analysis of observations, and summary of findings are 
presented.  

In section 5.9, we conclude and discuss how the results can be analyzed applying 
different theories and frameworks, such as Information Systems Actability Theory, and 
European Interoperability Framework. The characteristics of the intervention is analyzed 
in section 5.9.4 and in the following section (5.9.5) the implementation of NEF is placed 
in phases of growth and consolidation of the ePrescribing information infrastructure in 
Sweden. 
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5.1 Background 
In this section, we describe the background to the initiative to improve interoperability in 
ePrescribing in Sweden with the design and implementation of a new national format for 
ePrescriptions between 2004 and 2009. 

This background is based on experiential knowledge as an active participant in this 
intervention for improving interoperability, on internal project documents, and other 
published documents.  

Section 5.1.1 describes the emerging need to improve the quality of the ePrescription 
communication. In sections 5.1.2 and 5.1.3, we briefly describe the involved stakeholders, 
and the ePrescribing process to illustrate some of the complexity in ePrescribing which 
will influence interoperability in ePrescribing. 

 The need to improve the quality of 
communication 

Several factors influenced the need to improve the quality of communication in 
ePrescribing in Sweden. The ePrescription communication became successively more 
complex with new systems and actors involved and more critical with the growth of 
volume. This motivated a move towards a more rigorous regulation and control of the 
process both technically and organizationally. 

Evolution of the ePrescription communication 
The communication of ePrescription messages from health care organizations to 
pharmacies in Sweden has evolved during three decades (see further chapter 4). 

Varying communication standards and different message specifications have been 
introduced and applied. The infrastructure has constantly evolved, from point-to-point 
message communication of the prescriptions from local health care organizations to local 
pharmacies, towards a centralized communication on both sides. (see section 4.5 and 4.6) 

The practice of ePrescribing has evolved from a mere electronic transfer of a message to 
the management of the prescription during its entire life cycle. A growing number of health 
care regions have been involved and the number of prescription systems have increased. 
In 2009, there were 16 Electronic Health Record (EHR) systems with ePrescription 
modules and one web based prescription system, sending ePrescriptions from 21 health 
care regions in Sweden. 



 
 

eCommunication contract – a step forward 
According to the prescription regulation in Sweden, there must be a contract between the 
parties regulating the secure and trustful communication of ePrescriptions. 

Therefore, already from the beginning of the first decade of 2000, NPC started to 
implement eCommunication contracts regulating the communication of ePrescriptions 
(and other messages) between organizations. The NPC started a negotiation with the 21 
regional county councils to sign a more elaborated eCommunication contract. The 
eCommunication contract is an overall agreement between the parties with a focus on legal 
matters and organizational responsibilities. Thus, already before the development of the 
new national ePrescription format, a contractual agreement was used to regulate the 
responsibilities of the communicating parties. The structure of the eCommunication 
contract is illustrated in Figure 15. 

 

 

Figure 15 The eCommunication Contract structure. 

The eCommunication contract contains69 briefly the following:  

• assurance by 
o each party the proper authentication and authority of the users for respective 

systems; 
o the prescriber’s organization to provide the correct workplace and 

prescriber code; 
o the pharmacies to apply the rules of prescription rights; 

• agreement on: 

                                              
69 The eCommunication contract referred to is from 2005 signed with a regional county council. 
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o that all communication must follow the agreed technical specification and 
that the integration tests are approved by the parties;  

o that all changes effecting the communication must be communicated to the 
other party and a consultation should be made how to handle this change; 

o the process of support and cooperation in handling incidents and problems 
including both information systems and medical issues; 

o the specification of IT-services such as service levels, and exchange 
contracts defining the structure and content of messages, including 
additional document to guide the implementation of the integration. 

Thus, there were already insights concerning the importance to regulate the ePrescription 
communication in order to secure the quality of communication and the interoperability 
between the health care providers and the pharmacies.  

With the growth of volume, the ability to handle incidents and problems became an 
important concern and the eCommunication contracts became an important instrument to 
create governance mechanism to improve this ability cross organizational borders. 

Initially the focus was on managing the ePrescriptions from a technical point of view in 
order to ensure an undisturbed data communication. However, with the increase in 
volume, the quality of the content of the ePrescription became an important issue to 
improve and regulate. 

Growth of volume highlights interoperability problems 
The ePrescription support team at the NPC observed an increasing number of issues 
regarding the quality of the content of ePrescriptions in the production flow. In 2004, NPC 
forecasted an increase of ePrescriptions from 30% to 80% (of new prescriptions) in 2007. 
With this expected increase of volume, the handling cost of poor quality were expected to 
increase considerably. There was no automated control of incoming prescriptions other 
than a failure to store the ePrescription in the database, which resulted in a negative 
acknowledge receipt; the system did not report any information about the possible cause. 
The procedures for test and approval of EHR systems to allow for sending ePrescriptions 
were rudimentary. The inter-organizational aspects of this was unclear, as was the process 
for maintenance and development of the ePrescribing process. Focus was on managing the 
technical communication between and within the organizations. The managing of errors 
regarding content of the ePrescriptions was pushed down to the pharmacist at the end of 
the process. 

This situation expressed the fact that the communication of ePrescriptions in the 
beginning was first concerned with the reliability and stability of the technical 
communication. The focus on the quality of the content of ePrescriptions would involve 
much more of the ePrescribing work practice. However, based on the expected growth in 
volume, the quality of the content of the ePrescription message became a more obvious 
issue to address. 



 
 

 Stakeholders in ePrescribing 
The ePrescribing process involves a large number of stakeholders having interests in, 
being influenced by, and influencing the ePrescribing process and the content of the 
ePrescription (Figure 16). 

 

Figure 16 Stakeholders in ePrescribing. 

The multiple functions70 inherent in the prescription and the number of stakeholders 
involved make the communication of ePrescriptions complex. The following provides an 
illustration of this complexity: 

• the Medical Products Agency approves the medical drugs to be sold on the Swedish 
market, determines which drugs are to be considered to comprise generic 
exchangeable drugs, and acts as the statutory authority as regards the prescription 
regulations; 

• the Dental and Pharmaceutical Benefits Agency decides which medical drugs are 
to be reimbursed, and determines their procurement and sales prices; 

                                              
70 See chapter 6 A practical theory on ePrescribing for an in-depth analysis of the multiple functions. 

Stakeholders

Patient/Customer

ePrescription

Health Care
Provider

Pharmacist

The National
Board of Health
and Welfare

Medical Products
Agency

Data Inspection
Board

Dental and
Pharmaceutical
Benefits
Agency

Swedish Association
of Local Authorities
and Regions

ICT-providers

Distributors of
medical drugs

Manufacturers of
medical drugs

Customer/Patient
organizations

Professional
organizations of
Prescribers

Professional
organizations of
Pharmacists

Importers of
medical drugs

Organization of
Pharmacies

Infrastructure
service providers



 

 
 

Improving interoperability in ePrescribing – a field study 

• the National Board of Health and Welfare regulates the health care sector and 
provides information about prescribers and their prescription rights, as well as 
granting practitioner licenses to prescribers and pharmacists; 

• the basic information about the medical drugs to be prescribed is provided by the 
Medical Products Agency, and by the manufacturers and importers of medical 
drugs. 

There is a complex information flow to the prescriber organizations and to their 
Electronic Health Record (EHR) systems, and to the pharmacies and their dispensing 
systems via a state-owned infrastructure service provider. This service provider (in the 
beginning the NPC, today the Swedish eHealth Agency) also provides e-services for 
ePrescriptions, dispensing, reimbursement of prescriptions, and statistics. See further 
section 5.9.2 Stakeholders involvement and shared information services . 

 The ePrescribing process 
ePrescribing is regarded as a process which starts with a communication between a 
prescriber and patient related to medical treatment. This process also includes 
communication between a patient and a pharmacy, a prescriber and a pharmacist regarding 
any clarification on the prescription, and followed by the completion phase with the aim 
to evaluate the result of the medical treatment. The ePrescribing process is also a 
communication between the health care market and the pharmacy market. The prescription 
is regulating the market for prescribed medical drugs. See chapter 6 A practical theory on 
ePrescribing for a more developed description of the ePrescribing practice. 

5.2 Intervention – the combined efforts to 
design and implement NEF 

In this section, we will describe the intervention – the combined efforts and activities to 
design and implement a new National ePrescription Format (NEF) in Sweden. 

To improve the quality of the ePrescriptions message, a joint project between NPC and 
the regional health care providers was initiated in 2004, with the overall purpose to 
improve patient safety and to decrease the cost of deficient quality in ePrescribing. 

The first part of the joint project concerned the design (from 2004 to 2006) of a new 
national ePrescription format (5.2.1). The project subsequently (from 2006 to 2009) 
implemented the new NEF-format [196] (5.2.2). Some important features of the NEF 
intervention is further described: 

• the implementation of automatic control of the NEF format and prescription rules 
(5.2.3); 



 
 

• an enhanced test and approval procedure of EHR systems for the new NEF format 
(5.2.4); 

• an enhanced process for management of interoperability error linked to new 
capabilities of the NEF format (5.2.5); 

• a shared maintenance of the new format (5.2.6). 

 Joint project to design a new ePrescription 
format 

A joint project started, initially with some major county councils and the NPC, to work on 
a new ePrescription format. A smaller group of participants from the county councils and 
the NPC developed the first definition of the new format. There was early a decision to 
phase out the UN standard for Medical Prescriptions, MEDPRE, which was using the 
EDIFACT format. The new format was based on the pre-standard ENV 13607, the SIS 
XML guide, and the existing exchange agreement between the parties. The guiding 
principle for the new format was to do as few changes as possible and focus on quality 
with the aim to create a stable base for new functionality. The new design of the message 
format was thus guided by demands to improve the quality of the ePrescriptions message 
and to adjust the format to legal demands that were not fulfilled. 

An important step in this direction was to make explicit the explanation of certain terms 
used in the ePrescription message, to guide their interpretation and usage to avoid 
misunderstandings. Another major step in improving the quality of the ePrescription 
message was to supplement the format specification with a definition of the ePrescription 
message form and content in terms of legal and work practice rules. At an early stage the 
idea71 was not only to define the formal syntax of a prescription but also its formal accepted 
and expected content. Thus, the focus was also on how the ePrescription message could 
be used in different prescription cases. One example is how to regulate the valid content 
of the prescription in the case when prescribing controlled medical drugs, and another is 
rules for co-occurrence72 of values in a prescription. The enhanced format specification 
(formally defined in a restrictive XML-schema) was supplemented with prescription rules, 
definitions and explanations. Thus, there was both a work practice and a technical focus 
on interoperability.  

                                              
71 See chapter 3 on the development of research interests and the insights gained in the research process 

for a description on the origins of this idea. 

72 Rules for co-occurrence of values means that if a certain value in a field occurs in a prescription certain 
values or occurrences of values in other fields must or are allowed to exist. 
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 Joint project and coordination to implement a 
new ePrescription format in ePrescribing 

At the end of the design phase, additional stakeholders were involved and this involvement 
was strengthened when the format was approved and the implementation phase started. 
Many common national and regional meetings were organized, including a referral and 
revision procedure of the NEF documentation and the new format specification. 

A joint project with more active involvement from the health care providers in the 
regional county councils and the NPC was created for implementing the ePrescription 
format. The joint project was centered on the cooperation of the health care providers in 
the 21 regional county councils and the NPC. The software vendors were consulted 
regarding the content of the new format and test procedures. However, the responsibility 
for the business relation between the software vendors and the health care providers and 
their respective implementations plans for the EHR-systems was placed on these different 
parties. The NPC had the responsibility for the changes to the infrastructure eService for 
ePrescriptions and for its own dispensing system (at that time there was only one 
dispensing system for prescriptions). 

One major challenge in the implementation project was to manage all the 16 EHR-
systems (with different versions and adaptations at the regional county councils). There 
was a need to have these systems to be changed, tested, and approved for the new format. 
The NPC and the health care regions made a common effort to put pressure on the software 
vendors and on the health care regions to provide implementation plans to be able to 
implement NEF in time. The implementation plans were coordinated and followed up in 
the joint implementation project.  

 ‘On-line’ validation of ePrescription 
The next important decision was to apply the definition of the ePrescription format and 
content to each ePrescription message in the actual production flow. The format rules were 
validated using an XML-schema. The prescription rules were validated using different 
registers and implemented in program code in the ePrescription service. In order to 
communicate this ‘on-line’ validation of ePrescriptions to the sending part a more 
advanced feedback mechanism was developed in an enhanced Application 
Acknowledgement Message. See further section 5.3 Design of a new National 
ePrescription Format (NEF) for some design considerations for the new ePrescription 
format. 

 Enhanced test and approval process  
The existing test and approval process was rudimentary and informal, implying in practice 
that NPC got all the responsibility. To improve the quality of ePrescriptions, a more 
elaborated test and approval process certifying the EHR-systems for communication of 



 
 

ePrescription was developed. This process included a self-test phase using a provided 
extensive test protocol. It did also contain several milestones for different communication 
tests and a final approval to be a certified system for ePrescriptions for the new national 
ePrescription format. The scope of the testing of the EHR-systems was limited to the 
communicated message and included demands for quality controls in the EHR-systems of 
the prescription before it was approved and sent. 

 Managing interoperability errors 
An important question arose on how to manage the identified errors between the various 
stakeholders. Another issue addressed was the manner in which the health care regions 
should handle and communicate the rejection of an ePrescription to the prescriber. A third 
question regarded which appropriate and legal actions to should be taken by the pharmacist 
in handling ePrescriptions with errors that were accepted with warning. The clear text 
messages linked to each error status code were also discussed extensively and were revised 
to be sufficiently clear to be directly communicated to the prescriber. On the operational 
level – a multilateral incident management process was developed to manage 
interoperability errors and other incidents. This process could handle both technical and 
medical errors. On a long-term basis – from a process management perspective – there 
were forums (like ELAK73) that worked for improving the quality. 

 Common maintenance of the ePrescription 
process and format 

One difficult issue was which organization should be responsible for administration and 
coordinating the development of the ePrescribing process and the ePrescription format. At 
first, it was managed through a common network organization (Carelink) and later by a 
state-owned infrastructure company, finally (2014) by a state authority (the Swedish 
eHealth Agency).  

5.3 Design of a new National ePrescription 
Format (NEF) 

This section describes some design considerations made in defining the new national 
ePrescription format (NEF). The author was early involved in designing and documenting 
this new format before the implementation phase, which was later coordinated by Carelink 
together with the county councils and the NPC (for the role of Carelink see section 4.8 and 
4.9). 

 

                                              
73 See section 4.8.1 for the role of ELAK. 
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 Pre-NEF existing standards and specifications 
Before the new ePrescription format, there were two standards used for ePrescriptions: (i) 
the UN MEDPRE standard using EDIFACT message syntax and (ii) ENV 13607 using 
XML message syntax. 

Both the MEDPRE and the ENV 13607 XML ePrescription message specifications (their 
adaptation to the actual exchange between the parties) were agreed upon between the 
county councils and the NPC in the form of an exchange agreement (see Figure 17). 

Concerning the ENV 13607, the Swedish Standards Institute (SIS) had earlier developed 
a Swedish implementation guide for adapting the ENV 13607 to XML. [197] This 
implementation guide was a subset of the ENV 13607 messages74.  

The work made by SIS was an adaption to the needs in Sweden and functioned as a guide 
for implementing ENV 13607 for XML. At that time, in the beginning of 2000, XML was 
gaining some influence as a language for EDI-communication, even if EDIFACT still was 
predominant. 

The final format specification that was agreed between the parties was furthermore a 
subset of the Swedish implementation guide to be used for the prescription message. The 
only message that was used from the ENV 13607 and the subset from SIS was the 
prescription message. In addition to the ENV 13607, a message ‘envelope’ was added that 
was used by the EDI distributors (VAN-providers) to communicate the message to its 
correct destination. An ‘application error and acknowledges message’ (APERAK75) was 
also developed, which was not included in the ENV 13607. Figure 17 illustrates this 
process of selecting useful parts of a general standard to a national level and finally to the 
level of the community. 

 

                                              
74 In the ENV 13607, there were two types of “subject of care”: Animals and humans. This opened up 

for the use of the ENV 13607 for ePrescriptions for animals. The ePrescription for animals was developed 
in cooperation between the National Pharmacy Corporation, Swedish Board of Agriculture and their 
district veterinaries. CGI developed the ePrescription service and it was piloted in the beginning of 2008 
and in production since May 2008. ePrescriptions for animals could use much of the material and 
experiences made in the implementation of the NEF. This was, to the knowledge of the author, the first 
implementation of ePrescriptions for animals in the world. The author participated together with other 
colleagues at CGI in the design of this ePrescription format that was based on the NEF. 

75 See the definition of an APERAK by EANCOM: “APERAK is a message from the party who received 

an original message, to the party who issued the original message, to acknowledge to the message issuer 
the receipt of the original message by the recipient's application and to acknowledge errors made during 
the processing within the application.”[198] 



 
 

 

Figure 17 Adaptation of standards at different levels of application. 

One reason for doing this transformation of a general standard to a specific 
implementation for a community is that, there are different legislations on the national 
level, such as what is a prescription, different rules for reimbursement, different means to 
identify a pharmacy, prescriber, patient, and the prescribed drug. 

 This transformation involved a number of design decisions in order to construct the final 
useful and used message specification. There is in this process a number of interpretations 
made of the more high-level constructs in a standard. This is more obvious with a standard 
that involves a shared work practice, which may vary to a higher degree than a technically 
oriented standard. A standard that involves a shared work practice will have the role as a 
guide for implementation rather than containing detailed prescriptive rules. 

It may also be the case that a standard ambiguously or inconsistently define the 
conceptual structure of objects which will lead to difficulties to apply the standard to a 
national or local level. One example of this is the ambiguity in ENV 13607 how to define 
and identify a prescribed medical drug. This is a very central issue in an ePrescription, and 
will lead to ambiguities on how and on what level a prescribed medical drug should be 
identified and described, whether on substance, product or package level, and how this is 
linked to the amount of drugs prescribed. 
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 Clarification of ePrescription concepts 
An international standard or specification has to be interpreted in the context of a national 
or local work practice. These work practices have their own work practice languages, 
which have to correspond to and be interpreted in terms of the vocabulary of the 
international standard. With the implementation of the NEF, the ePrescription concepts 
were elaborated and made more precise in the context of the ePrescribing practice, with 
aim was to improve interoperability through limiting ambiguities and diverging 
interpretations. 

The work practice language reflects legal, economical, professional, organizational, and 
processual aspects of the practice. This work practice language need to be handled in the 
ePrescription message and thus be present in both the format specification and in all 
additional documentations guiding the interpretation and implementation of this message 
format. For that purpose, an ePrescription handbook was developed already before the 
implementation of the NEF. This handbook contained guidelines for implementing and 
using ePrescriptions. It was further developed and changed for the new ePrescription 
format. 

The format specification contains the formal definition of terms used in the message with 
focus on their syntactical aspects, such as sequence order, data format, acceptable values, 
and presence (optional, mandatory). To facilitate the understanding of these terms and 
their expected and proper use, the format specification must be further explained with 
explicit definitions and examples of use. The context of the work practice, with its different 
aspects which previously were implicit, was made explicit in the new format, with 
definition of concepts that could be misinterpreted. Of special importance was that the 
prescription rules were made explicit in the new documentation. Thus, an essential feature 
of the new format was to make explicit the work practice language and its rules. 

In the following, we will describe some important concepts of an ePrescription and how 
they have been implemented and refined in the new format. Explaining these concepts will 
also help the understanding of the findings in the experimental field study presented later 
in this chapter. Figure 18 illustrates some important ePrescription terms. 



 
 

 

Figure 18 Simplified conceptual model of an ePrescription message. 

An ePrescription message is defined as a structured electronic message in alignment 
with a predefined message specification and prescription rules. The ePrescription is issued 
by a prescriber and communicated to or made accessible to a pharmacy. 

An ePrescription message refers to one prescription set. 

A prescription set is a collection of prescriptions. A prescription set is issued by one 
prescriber concerning one patient at a specific moment for a specific medical treatment. 
An ePrescription is issued by a Health Care Agent, which is a Prescriber to a receiving 
Health Care Agent, which in Sweden is a Pharmacy Agent, which could either be the 
national service provider – the Swedish eHealth Agency76 or a local pharmacy in the case 
of a direct destination of a prescription to a specific pharmacy. In any case, the prescription 

                                              
76 A more proper role would be a Relaying Agent, a role which exists in the pre-standard but was not 

used in the SIS XML guide. The concept of the pharmacy market is missing in the pre-standard probably 
due to the messaging perspective held at that time. 
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is issued towards the whole pharmacy market and not exclusively to a pharmacy or a 
pharmacy chain. 

At the time of the implementation of the new ePrescription format, a national repository 
for ePrescription was already existing. This meant that all ePrescriptions were available in 
one central point to all pharmacies. With the new format, all ePrescriptions were assumed 
to be issued to all pharmacies in Sweden. Thus, it could be addressed to the NPC if no 
particular pharmacy was needed to be addressed (see below). In this sense, a Pharmacy 
Agent could now represent a whole pharmacy market (this was before the deregulation of 
the pharmacy market when there was a market monopoly with only one Pharmacy Agent, 
the NPC), in which pharmacies have license to dispense prescriptions. With the 
deregulation of the pharmacy market, the Pharmacy Agent naturally became the new 
service provider, now the Swedish eHealth Agency. 

In some cases, a prescription must (according to prescription rules defined in the new 
format) be issued to one specifically destined local pharmacy in cases where the patient 
needs to be identified by other means than personal id. 

A prescriber belongs to a main work place and is connected to a Health Care Provider, 
which is a kind of Health Care Agent.  

A prescriber has a certain Qualification (PrescriberCategory in the figure), such as 
doctor, nurse, midwife, and dentist. A prescriber has also a unique Health Care Agent Id, 
which in Sweden is the identifier, which is issued, by the National Board of Health and 
Welfare when it has granted a license to practice. A prescriber is also a Health Care 
Person, which is the issuer of the prescription. The role of the issuer is not an explicit 
concept in the pre-standard. 

Health Care Agents, which can be a Health Care Provider, Pharmacy agent or 
Pharmacy, are all identified by a Global Localization Number (GLN). 

A prescription is a prescription of one medical drug77. A medical drug is defined as a 
marketed medical product with a specific substance(s), dosage form, and strength. A 
medical drug can be marketed with various packages. 

A prescribed drug in ePrescriptions is currently made with reference to packages (i.e. 
articles and not medical products). A prescription row contains a reference to a package. 
Thus, a prescription can contain several rows referring to different packages and thus 
different article numbers, if it is necessary for prescribing a specific amount of the medical 
drug. In these cases, the packages must be of the same medical product, i.e. have the same 
product identity (NPL-id). This is regulated in prescription rules. Thus, if the prescriber 
needs to combine different packages of the prescribed drug to match the intended drug 

                                              
77 A prescription can also contain other items than medicinal drugs such as dietary foodstuff or equipment 

for administration of medicinal drugs. 



 
 

consumption for one fill or subsequent refills, this is defined as a multiple choice. A 
multiple choice consists of several prescription rows. 

A prescription can be a renewal of an earlier prescription in the context of the prescriber 
and patient relation. However, a renewal is not a particular type of ePrescription, but 
always a new prescription and may be created on the request from a patient by phone or 
email. A patient fee is usually charged in the prescription to be paid by the patient when 
filling the prescription for the first time. This was possible to manage at the time of state 
monopoly but has been removed in the ePrescription after the deregulation of the 
pharmacy market. 

A prescription is by default valid one year and have one fill and may have a number of 
refills defined. A prescriber can put a limit on the validity of a prescription or define the 
latest day for dispensing. 

The patient can only have a prescription filled or refilled with a reimbursement for a 
three-month period ahead according the regulation in Sweden. Therefore, a dispensing 
(re)fill of four times on a prescription would indicate that it is a prescribed treatment for 
one year with four three-month (re)fills. A prescriber can also define formal dispensing 
intervals, which are not related to reimbursement rules, but regulate the dispensing of for 
example controlled drugs.  

The prescriber has to actively assert that the prescribed drug is valid for reimbursement 
for the intended use/diagnosis. To allow a pharmacy to dispense a prescribed drug for 
reimbursement, it has to be approved for reimbursement by the Dental and Pharmaceutical 
Benefits Agency (TLV). The TLV also defines the rules for generic substitution to the 
rules for reimbursement and pricing. The pharmacist, with the support of their dispensing 
system (which include register on drugs which are approved for subvention, rules for 
application of generic substitution, pricing, et cetera), takes the ultimate decision. 

Each prescriber has a workplace code denoting the work place from where the 
prescription is issued. The workplace code on the prescription is mandatory for 
reimbursement. 

There are certain prescription rules that apply for controlled substances. 

Directions for use for the patient are mandatory for prescribed drugs. If a prescriber 
prescribes for example foodstuff, it is not mandatory. 
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 Documentation and design considerations 
In this section, we describe some aspects of the documentation and consideration made in 
the design of the new ePrescription format.  

Detailed specification with prescription rules 
The format specification for the NEF, which contained the formal syntactic rules for the 
various messages in the ePrescription communication, was refined and detailed compared 
to the previous specification. In addition to this, there was additional information included 
in the final definition of the new national ePrescription format: 

• XML schemas, which closely followed the format specification (see section 
below); 

• certain terms in the ePrescription was explained in more detail such as the: 
o use of unique identifies in different parts of the prescription; 
o identification of prescribed medical drugs; 
o dispensing intervals; 
o destination of a prescription to a specific pharmacy; 
o limited validity of a prescription; 
o handling rules of a prescription with birth date and name as identifier of a 

patient; 
• all prescription rules were documented and described how they could be 

implemented in a prescribing system; 
• all prescription rule errors were documented with an explanation text and 

corresponding status and error code; 
• document describing the set of valid character codes to be used and the use of ISO 

language codes78 in a prescription; 
• a collection of “questions and answers” addressing many detailed questions about 

implementing the new NEF. 

Phasing out of EDIFACT 
An early design decision was to propose to phase out the MEDPRE prescription standard, 
which used the EDIFACT message syntax. The reason for this was: 

• less complex design process with one standard79; 
• lower cost in maintenance and support with only one standard; 

                                              
78 ISO Language codes can be used to inform the pharmacist which foreign language should be used to 

instruct the patient. There are a language guides in several languages how to interpret and explain 
instructions for use. 

79 The two standards were mapped by the NPC to a common in-house format for the internal dispensing 
system, which made it more complicated to handle changes in the format. 



 
 

• EDIFACT technology did not provide a simple and advanced mechanism for 
validating messages compared to using XML-schemas; 

• XML-schemas could be used early in the process for validating a prescription 
created in XML; 

• XML is a more flexible and general-purpose language compared to EDIFACT, 
and could provide easier and thus cheaper integration with smaller actors that 
have not invested in EDIFACT technology. 

Strict XML-schema for validation 
For the XML message, there existed a Document Type Definition (DTD) and an XML-
schema80. These were not restrictive. They accepted all the XML tags that were described 
in the SIS XML implementation guide without any structural restrictions, of which the 
actual agreement between the parties was a subset. It became obvious that the potential of 
using XML was not realized. In line with the general requirements on the new 
ePrescription format to be more precise and with the effort to control both the structure 
and content of the ePrescription message, the design approach was to create a strict XML-
schema that reflected, as much as it was technically possible81, the written format 
specification. Some examples were: 

• all mandatory elements should also contain meaningful data and optional elements 
should not be used if they contained no information; 

• data must apply to the data types specified; 
• the string data type was restricted to contain only printable signs and a subset of the 

UTF-8 coding scheme was defined in a separate document and was implemented using 
regular expressions in the XML-schema. The reasons for this were that there were 
many problems with for example ‘Carriage Return’ and other non-printable character 
codes in the instructions for use82 at the pharmacies; 

                                              
80 XML (eXtensible Markup Language) was recommended by W3C in 1998 and the first XML-schema 
version (1.0) was recommended in 2001. This means that it was not surprising from a technical point of 
view that the full potentiality of the XML-schema was not used. 

81 In XML schema version 1.0, it was not possible to express so-called co-occurrence constrains which 
means that the value or presence of an attribute is dependent on the values or presence of other attributes. 
These types of constraints had to be implemented in program code. With the new XML Schema version 
1.1 recommended by W3C in 2012 this is made possible. With this version, it is possible to use the XML-
schema to define valid applications of a message, in a sense define pragmatics rules of a message. 

82 There must be labels glued on the package with the name of the patient and instructions for use. Thus, 
there is not only a limit on the number of characters to be used but it is also necessary that the target media 
for the instructions of use has control of the editing of the instructions. Any editing in an EHR-system 
could obscure the possibility to present instructions correctly on a glued label on the package. The 
requirement to be able to transfer an electronic prescription to a paper prescription must lead to the same 
type of consideration when designing rules for ePrescriptions. This is an example how rules and content 
of a transferred message must consider the use of other applications and media in the whole process. 
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• all enumerated code must apply to a specified set. For example, only those categories 
of prescribers that were specified in the format specification were accepted. 

Structure of XML-schemas 
XML schemas were developed for each written message format specification. The XML-
schemas contained as closely as possible the syntactical rules for that message. 

There were three messages implemented: 

• MessageRoutingAddress 
o This message is an ‘envelope’ for all other messages, containing general 

information about the transition such as sender, receiver, systems used, et 
cetera. This ‘envelope’ could be read by a relaying agent in order to process 
the distribution of the message without reading the content of the 
prescription. 

• NewPrescriptionMessage 
o This message contains the ePrescription. 

• ApplicationAcknowledgeMessage 
o This message contains the application error acknowledge receipt (commonly 

named APERAK). 

All data types were defined in a separate XML schema file. 

Preparation for use of other types of product identifiers 
In the pre-NEF format, a prescribed medical product was identified by a Nordic article 
number which designates a package83. 

A product id was accompanied with an IdType = NVN (Nordiskt VaruNummer - Nordic 
article number) 

A medical product can be defined on various levels: 

• as a generic product, which is of no particular brand with an active substance, 
specific strength of this substance and of a particular form, thus: 

o with a substance register, defined strength groups and form it is possible to 
create an id for such a generic medical product; 

• as a marketed approved product of substance, strength and form with a brand name. 
For this product level, if it is approved, an NPLId is assigned by the Medical 
Products Agency in Sweden; 

                                              
83 To be more precise: it could be the case that a Nordic Article Number could refer to the same type of 

package but manufactured and imported from a different country. This is not the case with GTIN which 
refers to a manufactured package and thus has a higher precision. 



 
 

• as a marketed approved product package of a substance, strength and form with a 
brand name and amount, for example100 pcs of tablets, 500 ml. For this product 
level, if it is approved, an NPLPackId is assigned by the Medical Products Agency 
in Sweden. 

In Sweden, it is not allowed to prescribe a generic medical product and it is not possible 
at the moment to prescribe on the marketed product level, only on package level. This 
means that the prescribed medical drug also implies a certain amount. 

There were demands in 2005 to prepare for a future use of NPLId and NPLPackId for 
ePrescribing. Thus, the decision was to make an exception from ENV 13607, which 
demanded that the product id only could be of one type. As a consequence, it was made 
possible, in the future, to use either NVN for Nordic article number or NPLId and 
NPLPackId at the same time to define a prescribed medical product. 

See Figure 19 for an illustration of the fact that the ManufacturedProductId in the NEF 
has minimum occurrence of 1 and max occurrence of 2 in order to handle this feature in 
the future. This is an example of a good foresight, because today (2016) all the prescribing 
systems must use this feature. [199] 

 

 

Figure 19 Graphical view of the structure for Medical Product in the NEF, generated from the XML-
schema for the NEF. CT means Complex Type and E means Element. 
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Unique identifier of the interchange and the prescription set 
To be able to detect duplicate prescriptions, it was decided to use unique identifiers 
(UUID) on the interchange envelope and the prescription set. Duplicate prescriptions 
could occur for example when repeated sending occurred due to a communication failure 
and thereby creating duplicate prescriptions. This could be a danger if the patient requested 
medical drugs from several duplicate prescriptions of the same drug at different 
pharmacies. Rules were defined how to handle the situation if there were different UUID 
at the interchange and prescription level. 

Information about sending systems in the ‘envelope’ for 

message routing 
To be able to control that only certified systems was creating and sending ePrescriptions, 
information about the systems creating the prescription was decided to be in the ‘envelope’ 

of the message. In addition, this made it possible to have an alert and to be able to intervene 
in situations with serious errors that were due to certain systems deficiency and for follow 
up purposes for improving quality. The ‘envelope’ is named MessageRoutingAddress, se 
Figure 20. 

 



 
 

 

Figure 20 Graphical view of MessageRoutingAddress generated from the NEF XML-schema. 

The tag SubSenderInfo (see Figure 20) contained information about sending system, its 
version and possibly information about modules. The MessageRoutingAddress was used 
both as envelope for a new ePrescription message and the Application Error Acknowledge 
Message. If the Application Acknowledge Receipt Message is a response to an 
ePrescription message, the SubSenderInfo system in the prescription envelope is sent back 
as SubRecipientInfo. This SubRecipient can be used by the recipient to further route the 
message to a particular system or server. 

Sender and recipient are usually representing an organization or part of an organization 
using a Global Localization Number (GLN). These GLNs are used to route the message 
correctly if using a Value-Added Network (VAN) service. 

Extension of the application acknowledge receipt message  
The decision to use a strict XML-schema and implementing prescription rules for online 
validation of incoming prescriptions prompted for a need to communicate various types 
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of error to the sender and ultimately to the prescriber. Some errors could be due to systems 
deficiencies and some errors could be due to user errors. Thus, there was also a need to 
code the errors in such a way that it could be sorted out by the sending organization: some 
errors could be handled by maintenance and support teams, other errors could be 
communicated to the prescriber directly, and some could be handled by the responsible 
for prescription medical care. The idea was to provide this possibility. It was also 
important that the prescriber could get a positive Application Error Acknowledge Message 
(APERAK) that the prescription could be handled by the pharmacies. Before the NEF, it 
was optional to have an APERAK, which essentially, when used, signaled that the 
prescription was technically accepted by the NPC. Some county councils relied instead on 
the technical acknowledges in the X.400 protocol. 

With the NEF, an Application Error Acknowledge Message (se Figure 21) was always 
sent back. 

 

Figure 21 A graphical view of the ApplicationAcknowledgeMessage (APERAK) based on the XML 
schema for NEF. 

The information about the referred object was changed to include a reference to the 
ePrescription using the unique id that was provided in the prescription message. Also, the 
time of issue of the prescription was added; usually the time the prescription was approved 
and created in the prescriber system. 

An overall MessageStatus was provided indicating three different statuses: 

• accepted; 
• accepted with warning; 
• rejected. 

Accepted meant that the ePrescription was accepted to be handled by the pharmacies 
without any specific amendments needed and that is was in accordance with the format 
and prescriptions rules. 

Accepted with warning meant that the ePrescription was accepted to be handled by the 
pharmacies but that there was a need for special handling or restrictions to dispense the 



 
 

prescription. This could give an indication to the prescriber to take some action or to make 
some improvements in the ePrescribing process. 

Rejected meant that the ePrescription violated one or several format or prescription rule 
that made it unfeasible for the pharmacies to dispense the prescription. 

The tag StatusInformation contained further information about possible errors. The 
StatusInformation contained a status code and a description of the errors. There could be 
several errors found on a prescription. If one of these errors meant a rejection, the overall 
status code, the MessageStatus was a rejection. 

All these status codes and descriptions (as they were intended to be communicated to the 
prescriber in some cases) were discussed and agreed upon by the parties. 

Design changes due to legal demands 
There were some design changes made in order to align to existing legal demands. 

There were some legal demands on a prescription form from the Medical Products 
Agency that were not fulfilled in ePrescriptions before the NEF. The two examples 
described here concerns the ability of the prescriber to set a date for latest dispensing of a 
medical drug and to set an earlier validity end date for the prescription84. The medical 
reasons for these demands were to be able to set a limited period of validity for a 
prescription in order to avoid that prescriptions were dispensed at a later stage when it was 
inappropriate. One example is prescription of antibiotics that should be consumed close to 
the prescription issue date and not a half year later. Thus, there were two design changes 
made in NEF: LatestRequestedTimeForDispensing and PrescriptionItemAuthTime were 
added as optional for a prescribed package (PrescriptionItemDetails). 

 

                                              
84 The default for a prescription is one-year validity. 
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Figure 22 Addition of two new fields LatestRequestedTimeForDispensing and 
PrescriptionItemAuthTime for the Prescription Item level in NEF. Graphical view generated from the 
XML-schema. 

Before the NEF, it was only possible on the PrescriptionSet level, which could include 
several prescriptions of different medical drugs. An earlier ad hoc way to limit the validity 
time of a prescription was to use the prescriber’s comment field. 

The LatestRequestedTimeForDispensing was not included in the Swedish subset of SIS 
XML guide but was included in ENV 13607 but only on the prescription set level. Thus, 
the NEF borrowed the fieldname from ENV 13607 but placed it on the Prescription Item 
level. 

PrescriptionItemAuthTime was a new field that did not exist in ENV13607 or in SIS 
XML guide. In ENV 13607, a corresponding field was ‘prescription set authorization date 
and time’, which was translated to PrescriptionSetAuthTime in SIS XML guide but was 
not included in the Swedish subset. Thus, the design decision was to use a similar naming 
for the new field on the Prescription Item level. 

These two examples illustrate the need to adapt to national legal issues in the 
implementation of an international standard. It also illustrates that it is sometimes 
necessary to use a subset of a standard but also to add new features not anticipated in the 
international standard or in the national subset. 



 
 

Design considerations in implementing prescription rules 
Most of the prescription rules concerned pragmatic85 rules for using the ePrescription 
format in different cases or in different combinations of attribute values. At the time of the 
NEF, it was not possible to use an XML schema for this and it had to be implemented in 
program code. Other types of prescription rules concerned the use of valid identifiers, such 
as prescriber codes, drug identifier, work place code, and valid patient identifiers. There 
was a two-step process in the control of these identifiers; first a check digit control; 
secondly a check against various registers if the identifier referred to a valid and existing 
identity. There were two concerns posed in this design situation: 

• Would the number of errors seriously interrupt the ePrescription flow if the erroneous 
prescriptions were rejected? Would it be wise as a first step just to register errors and 
then gradually reject erroneous prescriptions? 

• Would the controls seriously affect the response time from receiving a prescription to 
generating an acknowledge receipt? The response time had become an issue because it 
became more common to use a synchronous communication method in which a long 
response time would keep the communication connected for a longer time and at the 
same time the sender was expecting a short response time when using this mode of 
communication. 

The first question was resolved together with the county councils and it was agreed to 
implement the entire format and prescription rule with a rejection, if the prescription has 
such errors that they could not be dispensed. Thus, the cooperation in defining the rules 
and their consequences contributed to this solution. This fact was probably a good 
incentive to avoid that erroneous prescription was sent from the prescribing systems. 

The second question, if the performance would seriously degrade with implementing the 
on-line controls, was solved by making load testing. The result was that, given the assumed 
technology to be implemented, the performance would not be seriously affected by 
implementing the on-line controls. 

                                              
85 ‘Pragmatic’ is used here in the sense of different usage situations in ePrescribing. 
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5.4 Objective, research questions, and 
methods in the field experimental 
study 

In this section, we summarize the objective with the field experimental study, initial 
research questions and methods considered and used. 

 Objective 
The objective of the presented field experimental study was to analyze the manner in 
which the all the combined efforts in improving interoperability with the introduction of 
the NEF (NEF intervention) affected interoperability in the ePrescribing process. One way 
to measure this influence is to measure the possible improvement of the quality of the 
ePrescription message. 

 Research questions 

One initial research question was how the outcome of the efforts made in the NEF 
intervention in all county councils in Sweden could be evaluated. 

A related question was which methods could be used to measure the expected 
improvements in interoperability. 

Furthermore, how were the activities and actions in the intervention (implementation of 
the NEF) related to a change in interoperability? The following questions were raised: 

• What characterized the activities and actions in the design and implementation of 
NEF? 

• How was the implementation of NEF situated within the overall context of 
implementing ePrescribing in Sweden? 

• How could the results be analyzed using theories on interoperability and information 
systems actability theory? 

• What knowledge contributions could the findings in the field experimental study give 
to a general knowledge in improving interoperability? 

 Methods 
The answer to the initial research question, how to evaluate the effort of design and 
implementation of the NEF, was to develop a quantitative measure of interoperability 
problems prior to and after the intervention: pre-NEF and post-NEF. 

A method considered as a complement to a quantitative measure of interoperability 
problems, was to assess the utility of the improvement at the pharmacies, using Process 



 
 

FMEA86 (Failure Mode and Effect Analysis) and getting the estimates from selected group 
of pharmacists on effects and their estimates of possible cost reduction due to process 
improvements. This idea was not pursued on the grounds that it probably only would give 
some good guesses by the participants, and not any reliable measure of effects and 
improvements. Furthermore, it would be more suitable to use this method in the beginning 
of an improvement effort rather than to be used to assess the effects afterwards. Here, other 
measures could have been used, such the number of Help desk cases. However, this was 
considered unreliable, because many errors were probably not reported if they were dealt 
with and solved locally at the pharmacies. 

The chosen approach was to measure the quality of the ePrescriptions message, 
operationalized as a quantitative measure (see below on the definition of interoperability 
errors), which was used to collect two measurements; before (pre-NEF) and after (post-
NEF) the completion of the NEF intervention in 2009. 

In the pre-NEF measurement period, the pre-NEF prescriptions were validated using the 
format specification and prescriptions rules valid for the pre-NEF prescriptions. 

In the post-NEF measurement period, the post-NEF prescriptions were validated using 
the format specification and prescription rules valid for the post-NEF prescriptions (the 
NEF-format). The prescription rules that was used in the validation was the same for the 
two the measurement periods. 

Thus, in the two measurement periods, we compared changes in adherence to the agreed 
format specification and prescription rules based on legislation and agreed praxis. 
Consequently, the focus was on the communication quality between the health care and 
pharmacy using ePrescription as an instrument for communication for the medical 
treatment of a patient. The assessment of the communication quality was limited to the 
formal and documented requirements on the ePrescription message.  

The hypothesis was that adherence would be improved with the introduction of NEF, 
resulting in fewer interoperability errors in the post-NEF period. Se Figure 23. 

                                              
86 FMEA is a method commonly used in the industry to assess failures in function of a product or process 

with respect to detection of failures, their probability for occurrence and their severity, i.e. consequences 
for people, process and organization. 
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Figure 23 Illustration of the relation between the change of conditions (before and after the NEF 
intervention) for creating ePrescriptions and the hypothesized change of adherence of ePrescriptions in 
relation to format and prescription rules. 

To answer the research question about the relationship between actions and activities 
contained in the NEF intervention in relation to the expected improvements, the findings 
were analyzed and discussed in relation the characterization made of these actions and 
activities. The findings were also related to theories of interoperability, information 
systems actability theory, and the development of ePrescribing in Sweden. Finally, the 
knowledge contributions to a theory on interoperation and interoperability were also 
discussed. See section 5.9 Analyzing and situating the findings. 
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5.5 Design of measurement and data 
collection 

In this section, we will describe data collection methods chosen for the measurement, 
definition of interoperability errors, methods for validating ePrescription messages and 
sampling methods considered and chosen. 

 Collection of data and development of a 
procedure for validating ePrescriptions 

A test procedure was set up accessing all incoming ePrescriptions to the NPC in the former 
XML-format (Pre-NEF). The collected electronic prescriptions in the Pre-NEF format 
were validated with a constructed Pre-NEF XML-schema that agreed with the Pre-NEF 
format specification. When there were ambiguities in the format specification, the 
designed Pre-NEF XML-schema accepted all the possible interpretations. When parts of 
the Pre-NEF format specification were the same as the new national format specification 
(NEF), the new NEF XML-schema construct was used for that part of information. 

The prescription rules were derived from either legislation or agreed praxis between the 
parties of the exchange. Pharmacists and judicial experts at NPC validated the prescription 
rules. The same prescription rules were applied to both Pre-NEF and NEF prescriptions. 

The prescribed drugs in the ePrescriptions were controlled using a drug database to check 
availability of the drugs on the Swedish market at the time of prescription. For this 
purpose, a historical drug database was built for the selected test period of approved and 
marketed drugs in Sweden. 

No information about patients or prescribers, or any information that could be traced 
back to an individual were collected from the prescriptions. 

 Definition of interoperability errors 
The estimated frequency of errors in the ePrescription messages was assumed to be 1% of 
all ePrescriptions. 

In this study, errors do not include a medical error in a prescription. An error in an 
electronic prescription is defined as a discrepancy in relation to the specification of the 
electronic prescription message and the prescription rules. The prescription rules were 
derived either from the legislation made by the Swedish Medical Products Agency and the 
National Board on Health and Welfare or praxis and interpretations of the legislation 
jointly agreed with the regional health care providers and NPC.  
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No controls were made regarding the medical content or adequacy of the prescription. 
Other studies have addressed prescription errors from a pharmaceutical or medical point 
of view [200-202]. 

Two major classes of errors were defined, format error and prescription rule errors. 
Format errors consist of data type errors, enumeration code errors, and structural errors 
(sequence, mandatory information, cardinality). In the study design, no distinction was 
made between different categories of format errors. 

Prescription rule errors can be divided in five categories of incomplete or erroneous 
information about the (i) patient, (ii) prescriber, (iii) prescribed drug, iv) administrative 
and technical information, and v) other prescriptions rules such as reimbursement. 

 Estimation of sample size 
With an even distribution of errors in all six subcategories, and assuming 1% errors after 
discussion with software engineers developing the services for electronic prescriptions at 
NPC, errors were expected to be approximately 0.17% in each subcategory, not taking into 
account ePrescriptions with multiple errors. 

It was decided that it was desirable to be able to detect a significant difference in error 
frequency in the subcategories of more than 10% between two independent samples. The 
level of significance was determined to be p<0.05. The power of the study was planned to 
be 95%. This implies a sample size of at least 1,450,000 ePrescriptions. The calculation 
was made by using a sample size calculator developed by Rollin F. Brant [24]. 

 Sampling method 
Consecutive sampling was used for all ePrescriptions during a period until the sample 
size was expected to be reached. 

Consecutive sampling was used to avoid a discrepancy in actuality of the various 
information resources. A historical record of the drug database was build up and 
maintained for a period of one month during the chosen sampling periods. Consecutive 
sampling meant that we could shorten the sampling period to one month to reach a 
sufficient sample size. 

Only XML-prescriptions were included in the study. MEDPRE prescriptions were 
excluded because the format validation was made using an XML-schema and because it 
would be difficult to compare the result with the new NEF-format. MEDPRE prescriptions 
constituted approximately 1/5 (23% in June 2007) of the total number of ePrescriptions in 
the study period. 

The intention with the choice of the study period was to include a change of month when 
most of the changes of availability and prices of drugs take place. 



 
 

In the two study periods, all of the prescribing systems that were being used would be 
represented with a fair amount of ePrescriptions. 

5.6 Analysis of interoperability problems in 
the ePrescription communication 

The analysis of the ePrescription messages was made applying specifically developed 
software (see below), which analyzed all collected ePrescriptions sent to the NPC in 
Sweden during the two study periods. 

A C#87 program was developed to make all the validations of prescriptions using XML-
schemas and prescriptions rules. All detected errors were stored in a database for statistical 
calculations. All validation rules were classified with an overall message status (accepted, 
accepted with errors and rejected). XML-schema validation errors were classified with 
the overall message status rejected and the prescription rule errors were classified 
according to the classification made in the NEF-specification for similar prescription rules. 

A status code was assigned to each validation rule. For XML-schema validation errors 
the same status code was applied. To distinguish between different format errors, string 
matches were made of the XML-validation error messages. 

To validate the correctness of the C# program test cases was run to test that format and 
prescription errors were recorded correctly. Each error collected had a reference to a 
prescription id. A sample of errors was followed up to check that for each category of 
errors, recorded errors could be traced back to and found in the prescription message. 

All descriptive statistics were generated using SQL-queries due to large amount of data. 

No information about patients or prescribers, or any information that could be traced 
back to an individual was collected from the prescriptions. No controls were made of the 
medical content or adequacy of the prescription. 

5.7 Format and prescription rule errors 
As described above, two major classes that were defined: format errors and prescription 
rule errors. 

The format errors were more precisely defined as a deviation from the XML-schema 
reflecting the message specification. Different types of format errors captured in the 
study are summarized in Table 7. 
  

                                              
87 C# (C-sharp) is an object-oriented program language developed by Microsoft. 
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Table 7 Summary of format errors captured in ePrescriptions. 

Incorrect code enumeration Incorrect qualification code according to 
format specification 

Element not defined in the 
specification 

XML-tags not defined in the specification 

Incorrect sign or format Violating pattern constraints, such as using 
forbidden characters or wrong date-format 

Override of maximum length Excessive number of characters in a given 
field  

Incomplete structure Missing mandatory fields in a structure 

Invalid data type or missing values Incorrect data type or missing values in 
field (minimum length, minimum value, 
missing value) 

 

Prescription rule errors were defined as deviation from legislative rules for a correct and 
complete prescription and rules for agreed praxis for handling reimbursement, rules for 
communicating to the pharmacy in special cases of identification of the patient, correct 
references to drug identity, and valid packages for prescribed drug. Prescription rule errors 
refer to a deviation from the semantically defined content88 of the prescription. The 
prescription rules together with format rules define what a legal prescription is. 

It has not been possible to implement all the prescription rules that are regulated in 
legislation and praxis. For example, in order to verify that the prescriber has valid 
prescriptions rights, we must have access to the prescriber register and to possible 
restriction in prescription rights – which has not been possible in this study. 

                                              
88 Even if it is not possible to find a sharp and exact difference between syntax and semantics, as well as 

between form/structure and content, they are nonetheless useful to distinguish when defining different 
types of interoperability errors. See cognitive linguistics that state “Grammar is conceptualization”, which 
means that choice of grammatical form is used to conceptualize experience and thus not independent of 
semantics which is assumed in formal semantic theories. [203, 204] It is also possible to view the 
prescription rules as rules for the usage and handling of a prescription and in this sense can be considered 
as pragmatic rules. It is however, the position of the author that pragmatics is about semantics, i.e. that 
meaning is in the use, and that the separation of semantics and pragmatics which traditionally has been 
done in formal semantics and linguistics is false, following Dewey. [205] However, it could be useful to 
use pragmatics as a term to highlight the importance of rules for use and action in defining meaning. 

Format errors Description 



 
 

In all, 24 prescription rules were implemented and used in the validation. Prescription 
rule errors captured in the study are summarized in Table 8. Certain prescription rules are 
aggregated into one rule or collection of rules to improve readability.  

Table 8 Summary of prescription rule errors captured in ePrescriptions. 

Incomplete prescriber 
information 

Missing name, address or telephone number 

Invalid prescriber code Incorrect format on the prescriber code 

Missing workplace code Without workplace code. The prescription can only be 
dispensed if the customer pays the full price for the 
medical drug. 

Invalid reimbursement 
status for prescribed drug 

The prescriber (or the system by default) has affirmed 
that the prescribed drug is valid for reimbursement, when 
the drug in question is not a reimbursement drug. 

Incomplete or erroneous 
patient information 

For example, that the personal identification number is 
incorrect, or the name is missing. 

Invalid drug identity The drug identity in the prescription is not found in the 
database of approved and marketed drugs in Sweden at 
the point of issue of the prescription. 

Prescription not valid for 
controlled substances 

The prescription does not follow the specific prescription 
rules for these types of drugs. 

Invalid combination of 
packages 

The packages combined in the prescription for a multiple 
choice of a prescribed medical drug is not of the same 
medical product according to the drug database. 

Missing directions for 
patient use 

Text is missing when a medical drug is present in the 
prescription. 

 

Prescription rule errors Description 
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5.8 Findings in the field experimental study 
In this section, we present some of the results from the field experimental study. For a 
more detailed description of the result see [8, 9]. 

 Sampled prescriptions 
Consecutive sampling was used to collect all incoming XML ePrescriptions during two 
periods: April 3, 2008 – May 3, 2008 (Pre-NEF) and April 3, 2009 – May 3, 2009 (Post-
NEF). For details on the sampling confer [8, 9]. 

The pre-NEF sample comprised 1,270,399 prescription sets. The number of prescriptions 
(prescribed drugs) was 1,910,982. The mean number of prescribed drugs in each 
prescription set was 1.50. 

The post-NEF sample comprised of 1,479,588 prescription sets. The number of 
prescriptions (prescribed drugs) was 2,204,444. The mean number of prescribed drugs in 
each prescription set was 1.49. 

Table 9 Sampled prescriptions – pre-NEF and post-NEF. EDIFACT prescriptions were excluded. 

Prescription sets  1,270,339 1,479,588 

Prescriptions 1,910,982 2,204,444 

Mean prescribed number of 
prescriptions per prescription set 

1.5 1.5 

 

 Errors per prescription and prescription set 
The total number of errors found in pre-NEF prescriptions was 5,970,737. The number of 
pre-NEF prescription sets that had at least one error was 1,253,134. The percentage of pre-
NEF prescription sets with at least one error was 98.6%. 

The mean of pre-NEF prescription errors was 3.1. 

The mean of pre-NEF prescription set errors was 4.7. 

The total number of errors found in post-NEF prescriptions was 13,735. The number of 
post-NEF prescription sets that had at least one error was 13,735. 

The percentage of post-NEF prescription sets with at least one error was 0.9%. 

Prescriptions pre-NEF post-NEF 



 
 

The mean number of errors for post-NEF prescription sets with errors was 1.0. No errors 
were found in 1,465,853 post-NEF prescriptions sets. No post-NEF prescription sets that 
had more one error. 

The mean of post-NEF prescription errors was 0.006. 

The mean of post-NEF prescription set errors was 0.009. 

Table 10 Summary of pre-NEF and post-NEF prescription and prescription set errors. 
 

pre-NEF post-NEF 

Total prescription sets 1,270,399 1,479,588 

Prescription sets with error 1,253,134 13,735 

Prescription sets with no error 17,205 1,465,853 

Prescription sets with error % 98.6 0.9 

Mean error prescription  4.7 0.006 

Mean error prescriptions sets 3.1 0.009 

 

Table 11 Distribution of format and prescription rule errors and mean per prescription set. 

Format error 5,824,675 97.6 4.6 1,273 9.3 0.0009 

Prescription 
rule error 

146,062 2.4 0.1 12,462 90.7 0.0084 

Total 5, 970,737 100.0 4.7 13,735 100.0 0.0093 

 

The most common error (5,824,675) for the pre-NEF prescriptions were format errors. 
Prescription rule errors in the pre-NEF sample were also common in absolute terms with 
146,062 prescriptions rule errors, but relatively few compared to format errors. 

Format errors in the post-NEF prescriptions were much less frequent compared to pre-
NEF prescriptions with only 1,273 errors. Format errors were relatively fewer in post-NEF 
compared to the pre-NEF sample. Prescription rule errors had decreased considerably to 
12,462 errors in the post-NEF sample, although they had not decreased in the same 

 
pre-NEF post-NEF 

Error type No. of 
errors 

% Mean error 
prescription 

set 

No. of 
errors 

% Mean error 
prescription 

set 
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proportion as format errors. Prescription rule errors have in the post-NEF sample become 
the most common error. 

 Format errors 
The distribution of format errors in the two samples were compared (see Table 12). 

Table 12 Number of format errors (XML-Schema validation errors) in pre-NEF and post- NEF 
prescriptions grouped by type of error. 

Incorrect code enumeration 1,704,100 26 

Element not defined in the 
specification 

1,175,861 20 

Incorrect sign or format 1,131,238 522 

Override of maximum length 904,278 61 

Incomplete structure 311,871 524 

Invalid data type (not integer) 240,432 9 

Override of minimum length 204,447 108 

Override of minimum value 149,962 0 

No amount in patient fee 2,486 3 

Total 5,824,675 1,273 

  

Format Error Type pre-NEF post-NEF 



 
 

 

 Prescription rule errors 
The distribution of prescriptions rule errors is compared in Table 13. 

Table 13 Number of prescription rule errors grouped by type and the pre-NEF and the post-NEF sample. 

Incorrect account number for the 
patient fee 

125,471 85.9 138 1.1 

Incomplete prescriber information 10,829 7.4 0 0.0 

Invalid prescriber code 6,279 4.3 425 3.4 

Missing workplace code 1,184 0.8 132 1.1 

Invalid reimbursement status for 
prescribed drug 

1,007 0.7 7,589 60.9 

Incomplete or erroneous patient 
information 

895 0.6 7 0.0 

Invalid drug identity 366 0.3 3,735 30.0 

Prescription not valid for controlled 
substances 

16 0.0 5 0.0 

Invalid multiple choice 14 0.0 273 2.2 

Missing directions for patient use 1 0.0 2 0.0 

Local pharmacy destination required 0 0.0 156 1.3 

Total 146,062 100.0 12,462 100.0 

 

The largest improvement in the post-NEF sample was a decrease of Incorrect account 
number for patient fee, from 125 471 to 138. The second largest prescriptions rule error in 
the pre-NEF sample decreased from 10,829 to zero in the post-NEF sample. Errors that 
increased in the post-NEF sample were Invalid reimbursement status for prescribed drug, 
Invalid drug identity, Invalid multiple choices, Missing direction for patients use and Local 
pharmacy destination required. However, overall the prescription rule errors decreased. 

 
pre-NEF post-NEF 

Prescription rule error type No. % No. % 
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 Distribution of errors per prescribing system 
With the introduction of the NEF, it was possible to trace each message to a prescribing 
system. This was a new feature and this do not have any comparison between the study 
periods. With this new feature, it was possible to measure each system’s amount of 
ePrescriptions (Figure 24) and their contribution to interoperability errors (Figure 25). 

 

Figure 24 Number of ePrescription messages (post-NEF) sent per prescribing system. 

 

 

Figure 25 Mean prescription set errors (post-NEF) per prescribing system. 
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Fortunately, the prescription systems that had the highest mean of prescription errors had 
a low proportion of the total amount of ePrescriptions sent (Prescribing system C and D). 

 Duplicate prescriptions 
With the introduction of NEF, a unique identification (UUID) was introduced for each 
prescription, allowing rejection of so-called technical duplicates. A technical duplicate can 
occur when for example prescriptions are resent in the case of communication failures or 
delays. In the post-NEF, this made it possible to measure the mean number of duplicated 
prescriptions from various prescribing system (Figure 26). 

 

Figure 26 Technical duplicates of post-NEF prescription sets per prescribing system. 
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5.9 Analyzing and situating the findings 
From the findings presented of the measurement of adherence to format specification and 
prescriptions rule of ePrescribing, within this field experimental study of the NEF 
intervention, it is clear that all the actions and activities of this intervention contributed to 
substantially improve the interoperability in ePrescribing through improving the quality 
of the ePrescription message. The improvement in interoperability was expressed in an 
overall improved adherence to format specification and prescriptions rules89. 

We think it is valuable to analyze the findings and the characteristics of the NEF 
intervention in order to highlight various aspects of such a complex intervention. 

In the section, 5.9.1 ePrescribing and information systems actability theory, we analyze 
the finding within a context of information systems actability theory (see also 7.9.1). The 
stakeholder’s involvement in the shared information services and their influence on the 
interoperability in ePrescribing is described in section 5.9.2 Stakeholders involvement and 
shared information services. The findings are further discussed in relation to the European 
Interoperability Framework (EIF) in section 5.9.3 Interoperability levels to analyze 
interoperability errors. [4] 

We will then discuss the relation between the characteristics of the intervention and the 
improved interoperability in section 5.9.4 The characteristics of the joint intervention to 
implement NEF, and situate the intervention in the context of implementing ePrescribing 
Sweden in section 5.9.5 Implementing the NEF - part of implementing ePrescribing 
information infrastructure (see also chapter 4.8.2 From initial growth to consolidation). 

Information systems actability theory have been found to be a valuable perspective in 
highlighting information systems as an instrument for communication and action. The 
theory provides a framework for analyzing various aspects of communication quality that 
seems well suited for analyzing interoperation in ePrescribing. 

The European Interoperability Framework has been chosen as an analysis framework 
because it is a synthesis of several other interoperability frameworks. 

The NEF implementation is part of the overall evolution of ePrescribing in Sweden, and 
thus it is valuable to situate this intervention in a historical context, in order to evaluate 
this contribution to the overall evolution. 

                                              
89 While the prescription rule errors decreased substantially in the NEF prescriptions, there was an 

increase in certain errors such as Invalid reimbursement status for prescribed drug, Invalid drug identity, 
Invalid multiple choices, Missing direction for patients use and Local pharmacy destination required. This 
increase may be explained by a more frequent change of marketed drugs, less frequent import of drug 
register into EHR-system during the measurement period and due to some new functions introduced in the 
EHR-systems. Possible causes for this has not been followed up. For a discussion on these matters, confer 
the published paper Improving Interoperability in ePrescribing [8]. 



 
 

 ePrescribing and information systems actability 
theory 

Information systems actability theory [206] considers an information system as an 
instrument for technology-mediated work communication. In addition to the technical 
aspects, user interaction, communication between users using information systems as an 
instrument for communication, and the overall influence of information and actions 
involved in the process, influence the ePrescribing process. In the first section, we will 
apply actability criteria for design and evaluation of information systems to ePrescribing. 
In a second part, we will focus on the communicated message using speech act theory and 
actability criteria. 

Actability criteria for design an evaluation 
Goldkuhl has developed a number of actability criteria for design and evaluation based on 
the information systems actability theory. [206] The actability criteria are related to three 
layers of quality: interaction, communication and process quality (Figure 27). The ability 
to interoperate in ePrescribing is closely related to interaction, communication, and 
process quality. 

 

 

Figure 27 Layers of quality according to the Information systems actability theory. [206] 

A sender interacts with an IS to communicate something to a receiver which, in turn, 
interacts with an IS to read and interpret a message. Quality criteria can be defined for this 
interaction, i.e. what the users are doing with the system. In this process, there is also a 
communication between the sender and the receiver about what the users are doing 
through the system. Communication quality criteria refer to the formulation and 
communication of messages by a sender, as well as the reading and interpreting of 
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messages by a receiver. Process quality is concerned with what the users do outside the 
system, i.e. the effects of the IS usage on work practice. 

Interaction quality criteria for an EHR system, which influences communication and 
process quality, for a prescriber might imply that the vocabulary of the system is 
intelligible and in line with terminology of the profession or regulated practice; that it is 
obvious what the user can do in the system and that consequences of different actions are 
transparent. For a prescriber, this could imply that the consequences of approving or 
cancelling a prescription are clear, and that navigation between the various parts of the 
system is easy and transparent. 

For a pharmacist, communication quality criteria might refer to relevant prescription 
information being easily available for dispensing, that the information is relevant, 
authentic, accurate and trustworthy, that it is obvious who the sender is, and that the 
intention of the prescriber in the prescription is unambiguous. 

In general, process quality criteria refer to the requirement that the information from the 
system is useful for its users; i.e. that the information has a meaningful use. In the 
ePrescribing process, the system should for example support process objectives, such as 
patient safety, correct reimbursement processes, clear instructions for the patients, but 
should also support the objectives of other stakeholders, such as achieving correct statistics 
for researchers and authorities. 

The quality of the communication between prescriber and pharmacist is dependent on 
many factors, among them the quality of the communicated message. The quality of the 
communicated message is dependent on the quality of formulating an ePrescription (part 
of communication quality) and by interaction quality of the EHR system. Finally, how the 
communicated message is presented and made available to the pharmacists in their 
dispensing systems affects the overall communication quality. 



 
 

 

Figure 28 Overview of IS and stakeholders involved in ePrescribing communication. 

In this field experimental study, we have elucidated the communication of ePrescription 
messages between the EHR systems prescription modules, the ePrescription service 
system and the quality of this message (box marked Information system) with regard to 
the requirements that have been established for this communication (Figure 28). 

In this study, interaction and communication quality aspects in the EHR and dispensing 
systems are not directly considered, although they affect the quality of the communicated 
message. Some aspects of the Infrastructure information service90 such as the quality of 
the medical drug register have been taken into account (see below 5.9.2 about the influence 
of Infrastructure information). Thus, the quality of the communicated message by itself is 
an essential part of the overall communication quality. In the NEF project, aspect of 
interaction quality was not directly addressed and demanded, although there were some 
recommendations made regarding interaction in the EHR-systems. 

Information systems actability theory and the quality criteria developed by Goldkuhl 
[206] for design an evaluation helps to sort out different aspects of the IS that influence 
the communication quality and thus the ability to interoperate. It does also contribute with 

                                              
90 Infrastructure information services refers here to shared information services such as repositories for 

medical drugs, prescribers, pharmacies, work places, et cetera. It should not be confused with an 
Information Infrastructure; of which it is a part. See 2.1.8 for a definition of Information Infrastructure and 
it components. 
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quality criteria to consider in design an evaluation of IS used in inter-organizational 
interoperation. 

As Figure 28 illustrates the IS part in the actability theory, when applied to inter-
organizational communication and interoperation is extended to involve a complex 
information infrastructure with several applications, shared information services and a 
communication infrastructure, involving many stakeholders. 

ePrescription – a focal point in the ePrescribing process 
The ePrescription, as mentioned above, is the focal point, which is regulating the whole 
pharmacy market for prescribed drugs. This documented act is at the center of all activities 
in the ePrescribing process. It refers to and directs various aspects of the ePrescribing 
process: the medical treatment, dispensing rules and reimbursement. The content of the 
ePrescription refers to or is closely related to all the information infrastructure services 
(see below 5.9.2 Stakeholders involvement and shared information services). 

In this field experimental study, we have measured the degree of alignment of the 
ePrescription message to the prescribed and expected content and structure in terms of 
format and prescription rules. 

The quality of the content of a ePrescription is an essential ground for a successful 
communication in the ePrescribing process, particularly when actors communicate 
separated in time and space and are using a formal message to communicate. The format 
and prescription rules define the minimum requirement for a prescription to count as a 
prescription and to be useful as a prescription for a medical treatment in the ePrescribing 
process. 

Thus, communication of an ePrescription is not just communication of a message; it is 
aimed at a medical treatment of a patient in outpatient care. The prescription is an 
instrument in this medical treatment, which is a cooperation between a prescriber, 
pharmacist, and patient. See chapter 6 A practical theory on ePrescribing for a more 
detailed analysis. 

Communicating ePrescription - a speech act 
An ePrescription message can be viewed as a speech act. According to speech act theory 
an ePrescription message can viewed as an utterance of a Speaker (S) with the intention 
to communicate to a hearer (H) (or a community of hearers). [207] 

We assume that the intention of S with the prescription have been correctly expressed in 
the ePrescription message according to the formal rules for a prescription. This represented 
“propositional content” of the prescription is validated in relation to prescription rules and 
the result of this validation is acknowledged by an Application acknowledge receipt 
(APEREK). 



 
 

The prescriber communicates to pharmacies the intention of a medical treatment of a 
patient, through issuing a prescription. If accepted the prescriptions is counted as91 issued 
and the responsibility for its management is taken over by the pharmacies.  

Following speech act theory, this is a successful illocutionary act: a sender (Speaker) has 
communicated a message with certain intent (issuing a prescription of a medical treatment 
for a subject of care) and the message and its intent have been received and understood by 
the receiver (Hearer). 

With the introduction of NEF, this acknowledge has developed substantially compared 
to pre-NEF when the acknowledge was only a technical receipt, accepting the technical 
reception of the communicated message. 

With the NEF, the pharmacies not only accepted it technically but also acknowledge it 
as a legal, appropriate, and readable prescription that can be dispensed according to 
prescription rules and praxis. Thus, the NEF contributed also to develop substantially the 
work practice rules and responsibilities of the parties, for example regulating the condition 
under which a pharmacist can take responsibility for dispensing a prescription or not. 

At the pharmacies, the prescriptions are accessed and read using the dispensing system 
when a patient request for purchase of a medical drug on the basis of referring to a 
prescription. The interaction quality of the dispensing system will influence the take up by 
the pharmacist of the prescription communication act. The pharmacist is able to dispense 
a prescription with the perlocutionary effect92 (a specific medical treatment for a patient) 
intended by the prescriber. 

The dispensing system contains support for the further actions in the process of 
dispensing the prescription. It can contain support for generic exchange of medical drugs, 
drug-drug interaction detection functions, and support for further explanations of 
instructions of use to the patient. These criteria are called subsequent actions support and 
is part of process quality in the IS actability theory. 

                                              
91 These can be seen as constitutive rules to follow Searle. [208, 209] An example of a constitutive rule 

is: an ePrescription Message counts as a Prescription if: a) it is issued by an identifiable licensed prescriber 
with valid prescription rights; b) the patient is an identifiable person; c) the prescribed drug is identifiable; 
d) it has directions for use. A regulative rule, defines according to Searle rights, duties and rules for action. 
One example of a regulative rule is: a prescription can only be dispensed with reimbursement if: a) the 
prescription has a valid workplace code; b) the patient has a resident status in Sweden or has the right 
according to European regulation 883/2004 regarding the coordination of social security rights; c) the 
prescribed medicinal drug is valid for reimbursement; d) the prescriber has approved that the purpose of 
the prescribed drug is a valid one for reimbursement. 

92 Perlocutionary effects or acts are consequences outside of the linguistics communication. An 
illocutionary act may intend to produce an effect or consequence outside the utterance. In our case, the 
prescription is issued with the intention to produce consequences in term of dispensing a medical drug to 
a patient at a pharmacy. 
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The result of the dispensing act is available to be communicated to the prescriber using 
the pharmacy register, which contains all dispensed prescribed medical drugs at the 
Swedish pharmacies identifying date, dispensed medical package, prescriber and patient. 
In this sense, it is possible for the prescriber to verify that the intent with the prescription 
for a particular treatment have been complied by the pharmacist and the patient. If and 
how the patient actually consumes the prescribed medical drug (the adherence to medical 
treatment93) is another matter (process) which is outside the control of the prescriber and 
pharmacist. 

These acts are the effects of the ePrescription, which is outside, and following the 
communication act. This aspect is referred to as process quality in IS actability theory and 
concerns the quality of the shared work practice of ePrescribing as medical treatment. 
Process quality if affected by the communication quality, but rest first on the knowledge 
or prescriber and the pharmacist and their informed decisions. 

The conclusion from this subsection is that the communication of an ePrescription is not 
only an information exchange but also a communication act that have multiple functions. 
See further our analysis of ePrescribing in chapter 6. 

 Stakeholders involvement and shared 
information services 

There are many stakeholders involved in providing shared information94 to ePrescribing. 
Examples of shared information are population and medical drugs register, prices, 
reimbursement rules, prescribers and pharmacist rights. This information is provided 
through various infrastructure services, which can be grouped into infrastructure 
information services, and ePrescription and dispensing services. These services are 
provided to the prescriber and pharmacy dispensing systems, and have an important 
influence on the communication quality. The interaction quality of the EHR and 
dispensing systems are also important to consider in assessing communication quality. 
[188]  

Thus, the quality and content of the ePrescription message is dependent on stakeholder 
involvement both in the infrastructure services and in the actual formulation and 
interpretation of the prescription message by prescriber, pharmacist, and systems 
involved. 

                                              
93 In an WHO Adherence meeting 2001, adherence was defined as “the extent to which the patient 

follows medical instructions” quoted from [210]. 

94 The information infrastructure for ePrescribing has developed since the beginning of 2000. See chapter 
4 Implementing ePrescribing in Sweden – case study for a historical account of their development. 

 



 
 

An error or omission by for example the information providers, failures to deliver 
services correctly, or failures to incorporate information from the information 
infrastructure will influence the interoperability of the ePrescribing process. Therefore, it 
is valuable to get a grasp of the information flow in the information infrastructure (see 
Figure 29). 

 

Figure 29 Information flow and infrastructure services for ePrescribing. 

Figure 29 illustrates that there are many infrastructure information services used in the 
ePrescribing process in Sweden95. ePrescriptions issued by prescribers in Sweden are sent 
to and provided through the Swedish eHealth Agency (since 2014) to all the pharmacies 
belonging to different pharmacy chains in Sweden. 

 

                                              
95 The economical transactions linked to reimbursement benefits between the pharmacies and the county 

councils are omitted for the sake of clarity. 
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Information providers are several authorities: 

• the Medical Products Agency (MPA) is “responsible for regulation and surveillance 

of the development, manufacturing and marketing of drugs and other medical 
products.”96 MPA contributes with information about approved medical drugs and 
generic substitution groups through the National Repository for Medicinal Product 
(NPL); 

• importers and manufacturers of medical drugs provides information about their 
medical products through the National Repository for Medicinal Product (NPL); 

• the Regional county councils provides information about their workplaces through 
the Workplace register; 

• the Swedish tax authority (Skatteverket) provides a population register; 
• the Dental and Pharmaceutical Benefits Agency (TLV) provides information about 

sales and procurement prices for reimbursement medical drugs through the National 
Repository for Medicinal Product (NPL); 

• the National Board of Health and Welfare provides information about prescriber’s 
license’s through the Prescribers Register. 

Swedish eHealth Agency provides information services to: 

• pharmacies: Prescriber Register, National Repository of Prescriptions, Medical 
Drug Register, Population and Mandate Register, National Pharmacy Register, 
Reimbursement Account97 and Work Place Register; 

• county councils and the prescribers: List of Pharmacies; Medical Drugs Register 
for prescription, National Pharmacy Register, Sale Statistics98; 

• authorities: Sales Statistics. 

The Pharmacies read and updates the National Repository of Prescriptions, National 
Pharmacy Register, Reimbursement Account and provides Sales Statistics to Swedish 
eHealth Agency. 

 Interoperability levels to analyze 
interoperability errors 

Definitions of interoperability have different perspectives on interoperation. Some 
definitions focus on the ability of systems to interoperate [1], and others focus on the 

                                              
96 See http://www.lakemedelsverket.se/english/ 

97 Reimbursement Account is an account for each citizen. The account keeps track of the level of 
reimbursement benefits that can be claimed, related to earlier historical payments of medical drugs. 

98 Sales Statistics are omitted from Figure 29 for readability. 

http://www.lakemedelsverket.se/english/


 
 

ability of people to interoperate (individual, organizational) by using systems to achieve a 
certain goal. [2, 4] 

Based on the field experimental study, we regard interoperability as the ability of the 
entire process, involving people, systems, procedures and organizations; to interoperate 
using IS in order to achieve its objectives. This view of interoperability is similar to the 
definition of interoperability (see also section 2.1.3) made in the European Interoperability 
Framework (EIF) [4]: 

“Interoperability, within the context of European public service delivery, is the ability of 

disparate and diverse organizations to interact towards mutually beneficial and agreed 
common goals, involving the sharing of information and knowledge between the 
organizations, through the business processes they support, by means of the exchange of 
data between their respective ICT systems.” 

European Interoperability Framework (EIF) defines four levels of interoperability: legal, 
organizational, semantic, and technical interoperability. These are summarized in Table 
14. 

Table 14 Levels of interoperability. [4] 

Legal Alignment of legislation concerning the interoperation 
between different organizations, which affects how and 
what can be communicated 

Organizational How different organizational processes are integrated and 
how information exchange is managed between the 
organizations 

Semantic Processing of information in a meaningful way, providing 
that information in the communicated message is precisely 
defined, agreed and understood by all the stakeholders 
involved 

Technical Technical prerequisites linking different systems, such as 
communication protocols, message format language, 
services, interface specification, et cetera. 

 

These interoperability levels are aspects to consider in implementing interoperability. 
EIF does not explicitly refer to different perspectives of implementation when describing 
the interoperability levels. We think it is necessary to have at least two perspectives in 
mind: 

Level of 
interoperability 

Description 
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• operational perspective which concerns the flow of cooperative transactions and its 
immediate, short term governance; 

• collaboration for the maintenance and development of future interoperation in the 
long and medium term, creating conditions for interoperation. 

We will sometimes refer to the operational perspective and sometimes to the long and 
medium term perspective. The improvement of interoperability with the implementation 
of the NEF will now be analyzed in terms of the EIF interoperability levels. 

Regarding legal interoperability, the implementation of NEF decreased in operational 
terms the number of ePrescriptions that were not in alignment with the legislation on 
prescriptions. The majority of the prescription rules errors captured concerned legal rules. 
The collaboration in the NEF project contributed with an explicit and formalized99 
definition and interpretation of legislation, applied to ePrescriptions, defining the 
minimum requirements for a prescription to be counted as a prescription in line with 
legislation. During the implementation of the NEF, there were no major changes in 
legislation that affected the content of the ePrescription message. See chapter 4 
Implementing ePrescribing in Sweden – case study for a description of the influence of 
change of legislation on ePrescribing. 

Organizational interoperability in the EIF is concerned with how organizations 
“cooperate to achieve their mutually agreed goals”. Two aspects are put forward in the 
EIF: 

• business process alignment which is about alignment of existing or creation of new 
business processes; 

• organizational relationships which is about finding instruments to formalize 
”mutual assistance, joint action interconnected business processes”. 

Organizational interoperability was also improved. The joint NEF project contributed 
with implementing new shared processes such as test and approval for certifying 
prescribing systems. It also contributed with a clarification of organizational 
responsibilities in the shared management of the prescription format, which was not at 
hand before. In the EIF vocabulary, this could be regarded as development of 
organizational relationships for the governance of interoperation in the medium term.  

Agreement on how to handle errors on single prescriptions in the production flow, had a 
more direct effect on the operational level. This agreement became necessary with the 
implementation of controls in the production flow and the outcome returned in the 
application acknowledge receipt. With the NEF it was clarified which type of error should 
lead to a rejection and thus should be the responsibility of the prescriber organization to 
handle, and other types of errors that could be handled by the pharmacies and therefore 

                                              
99 For paper prescriptions, Medical Product Agency and the NPC had agreed on format for a printed 

form.  



 
 

could be accepted with a warning message. Thus, the NEF project changed the 
responsibilities in the process of error handling in both the prescribers and pharmacy 
organizations. In the EIF vocabulary, this could be regarded as development of business 
process alignment for the operational governance of interoperation.  

Moreover, the NEF made it possible to identify the EHR system sending a prescription 
allowing for a more systematic follow up of errors to improve the ePrescribing process in 
the long term. 

Semantic interoperability in terms of EIF improved most by the introduction of the NEF. 
This was most striking regarding syntactic interoperability, which in the EIF framework 
is part of semantic interoperability. This improvement had a clear effect on the operational 
level as an ePrescription with a syntactic error was immediately rejected. The actions in 
the NEF project, which contributed with a common and clearer definition of terms used in 
the message, explains the improvement in the semantic interoperability. Testing and 
approval procedures are assumed to have contributed to improve semantic interoperability. 

The improvement might be explained by a greater effort by the EHR-vendors and by the 
health care regions to provide prescriptions with more complete and correct information 
in order to avoid a rejection of prescriptions. In the pre-NEF situation, corrections of this 
kind of information were done by personnel at the pharmacies. 

Semantic interoperability depends also on information sources external to the 
prescription and the EHR and dispensing system. Some prescription rule errors related to 
shared information increased in proportion in the NEF-sample such as invalid drug 
identity. Thus, managing shared information is critical in achieving and maintaining 
interoperability. 

Technical interoperability also improved, with the phasing out the EDIFACT format and 
with the use of XML-schema validation to support format controls early in the 
ePrescribing process, when creating the prescription and later when receiving the 
ePrescription to the pharmacy system. This change of technology in using XML and XML-
schema validation simplified and supported the implementation of format and prescription 
rule controls in the ePrescribing process, particularly at the receiving end, helped to 
improve the interoperability of the EHR systems. The XML-schema validation also makes 
the controls more transparent, closely linked to the format specification of the 
ePrescription message. 

Furthermore, the control and feedback process, which was implemented with the NEF, 
required a faster response from the receiving services and thus made it more beneficial to 
use a synchronous mode of communication, like Web Services. In the pre-NEF period 
with asynchronous communication, long response time was not a problem on the same 
level as there were no feedback. However, with the NEF new challenges arises to provide 
a faster response to the prescriber, which will involve not only the ePrescription services 
but also the technical infrastructure for message routing in the health care organization. 
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The new feature with unique identifiers made it possible to measure the number of (and 
reject) technical duplicate prescriptions for the first time. Technical duplicates are a 
medical risk, which could lead to drug overuse. Thus, improvements in the technical 
interoperability have important effects on the overall interoperability, and vice versa, the 
overall requirements of semantic, organizational, and legal interoperability will influence 
the requirements for technical interoperability. 

Limits and usefulness of EIF 
The EIF interoperability levels aim at classifying interoperability concerns to focus 
attention on certain areas that are important to consider when implementing interoperation. 
They do not provide guidelines, nor are they precisely defined or grounded in any theory. 
Nevertheless, they provide a focus on important aspects to consider. To serve as a more 
practical guide in implementing interoperation the framework must be more precise and 
grounded in a theory. With this in mind, it was still valuable to use the “levels” (with are 
not really levels but aspects) to analyze the finding in the field experimental study. The 
use of the EIF interoperability levels contributed with valuable insights that prompted for 
a development of a theory on interoperation and interoperability. Some of these insights 
can summarized as a need for: 

• various perspectives on interoperation regarding scope and time; 
• developing an understanding of the interdependencies between the various “levels” 

because they are not actually separated; 
• more precise definitions of the various aspects of interoperability; 
• a theoretical grounding on how to view interoperability. 

We also find it useful to take the definition on interoperability proposed by the EIF (see 
above) as an input to our theoretical elaboration of a new definition of interoperability. 

Thus, the experience in using EIF as an analytical framework for analyzing 
interoperability errors have contributed to the theory on interoperation and 
interoperability, see further chapter 9 A practical theory on interoperation and 
interoperability. 

 The characteristics of the joint intervention to 
implement NEF 

One research question posed in this study was the relationship between the expected results 
in improving interoperability and the various actions and activities conducted in the joint 
intervention of the stakeholders to implement the new ePrescription format. 

From this field experimental study, it is reasonable to assume that the actions and 
activities carried out in the joint intervention to implement the new national ePrescription 
format contributed to improve the interoperability in ePrescribing. First, in substantially 
less errors in ePrescriptions, but also in improvement of other aspects of interoperability 



 
 

related to legal and organizational aspects. It is therefore of interest to characterize the 
activities and actions made in intervention that contributed to this improvement of 
interoperability. Although, it is not possible to give a causal explanation between specific 
actions and certain types of improvement of interoperability because of confounding 
factors, it can be assumed that taken all those things together, the intervention was a 
decisive factor for the improvement of interoperability. Thus, it is important to make an 
overall characterization of the various aspects of the intervention, because they point to 
actions and activities that might be important in achieving, improving and maintaining 
interoperability. 

These characteristics contributes in this sense with an empirical grounding of a theory 
on interoperation and interoperability. The intervention to implement NEF can be 
characterized as follows: 

• creating joint projects and shared implementation plans between the main stakeholders 
to implement the new ePrescription format in the work practices of medical care and 
the pharmaceutical care; 

• creating between the stakeholders an agreed feedback mechanism in electronic 
communication and establishment of clearer responsibilities how to handle 
interoperability errors; 

• creating a joint approval process and enhanced methods and procedures for testing of 
interoperability and for certifying used systems; 

• organizing a joint management of the ePrescription format; 
• national forums for cooperation between the county councils and the NPC around 

deviations and improvement of quality in ePrescribing, from a technical, organizational 
and medical perspective;  

As mentioned above, the EIF framework used to analyze improvement of 
interoperability makes no distinction between different aspects of interoperability in terms 
of their relation to the actual operation of the communication and its long-term 
maintenance and development. 

We have further categorized the improvements in two main perspectives on 
interoperability: 

• The operational perspective on interoperability is the ability to operate and govern 
the ongoing interoperation. It is about managing the operational process in terms of 
controlling and measuring the operational flow and handling incidents and error in 
the short term: 

o ‘on-line’ control of structure and content of ePrescriptions in production 

flow; 
o ‘on-line’ measuring quality of ePrescription message. This is one source of 

evidence to improve quality; 
o established support functions that are both internal and inter-organizational, 

to handle incidents and feedback. 
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• The maintenance and development perspective on interoperability is the ability to 

achieve and change the operational interoperability for the future (medium or long 
term): 

o maintenance and development of structure and content of exchanged format; 
o maintenance and development of methods and procedures for certification 

of systems to be connected to the ePrescribing service; 
o collection and analysis of interoperability errors to improve the ePrescribing 

process in the long term; 
o joint project for the development of ePrescription services. 

Another maintenance and development aspect of interoperability was the governance 
and managing of different standards for exchange such as domain specific messages (ENV 
13607, SIS XML Guide), choice of technical standards for communicating messages 
(XML, UDDI, WSDL100, SOAP) and security standards (S/MIME, SSL101, SITHS102). 

These characteristics of the joint intervention to implement a new national ePrescription 
format have contributed with empirical grounding of the theory on interoperation and 
interoperability presented in chapter 9 A practical theory on interoperation and 
interoperability. 

 Implementing the NEF - part of implementing 
ePrescribing information infrastructure 

The joint intervention for implementing the NEF has contributed to the consolidation of 
the ePrescribing process in the sense that it substantially improved the interoperability 
with fewer errors in ePrescribing and that it provided an organized framework for 
interoperation in the short and long term in ePrescribing. 

It is plausible to assume that this improvement also was important for the process that 
followed of deregulation of the pharmacy market in 2009, through providing an 
ePrescribing process that were much more stable and less error prone. 

The implementation of NEF was not an isolated phenomenon but was part of a larger 
process of implementing ePrescribing in Sweden. This joint intervention could benefit 
from earlier achievements, but also contribute to the further development of ePrescribing 
in Sweden. 

                                              
100 Web Services Description Language 

101 Secure Sockets Layer 

102 Säker IT för Hälso- och Sjukvården 



 
 

When the NEF project started in 2004, 30% all prescriptions were ePrescriptions. Two 
factors were prompting for defining a new format: 

• an expected growth in volume from 30% to 80% in few years; 
• new demands for changes of the ePrescription format; 

New stakeholders from major county councils were committed to engage in the growth 
in volume of ePrescriptions. These stakeholders also brought new demands for changes in 
the ePrescription service. 

Parallel to the NEF project, there were a number of projects103 developing a: 

• national prescription mailbox; 
• national repository for prescriptions managing the whole life cycle of the 

prescription; 
• national pharmacy register for all dispensed medical drugs at the pharmacies made 

available to the patient and the prescriber; 
• a new national medical product register (NPL). 

There were also projects aimed at upgrading communication services and databases by 
several stakeholders in the ePrescribing process, in order to cope with demands of 
increased volume and stability. Connected to these efforts contingency plans and service 
level agreements were updated. 

These initiatives taken together, satisfying new demands from the stakeholders for new 
functionality in ePrescription services, in addition to the efforts of implementing the NEF, 
contributed to a higher degree of stability, to the high rate of growth during this period, 
and to a trust among stakeholders in the ePrescribing process. This trust in and satisfaction 
with the ePrescription service, both among the public [186] and the prescribers, [188] was 
essential to sustain in order to continue the growth in volume. 

One can characterize this phase of implementing ePrescribing in Sweden as a transition 
from growth to a consolidation phase with a development from a system-to-system 
interoperation towards an evolution of a whole infrastructure for ePrescribing, with many 
systems and actors interoperating in ePrescribing. [28] Thus, from now on, interoperability 
cannot solely be seen from a multilateral point of view between systems and their actors, 
but must consider the whole information infrastructure. The NEF project started in an 
initial growth phase and was finally in 2009 part of a consolidation phase, just in time for 
the deregulation of the pharmacy market. 

The developed ePrescribing information infrastructure was considered such an important 
asset, that when deregulating the pharmacy market from a state monopoly, it was legislated 
to create a state-owned infrastructure company for providing this ePrescribing information 
infrastructure to the new pharmacy company actors and to keep the link to the health care 

                                              
103 See chapter 4 Implementing ePrescribing in Sweden – case study for situating of these events, 
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sector. This state owned infrastructure company, Apotekens Service AB, became a state 
authority for pharmacy and health care infrastructure in 2014, the Swedish eHealth 
Agency. [211, 212] 

5.10 Conclusion 
This field experimental study focused on measuring the improvement of interoperability 
in ePrescribing with a focus on the quality of communicated ePrescription. This 
improvement was due to the intervention to introduce a new ePrescription format. The 
background to this intervention was the increased complexity of the infrastructure in 
ePrescribing and the growth in ePrescription volumes. The ePrescribing process has 
developed from a system-to-system, prescriber to pharmacy interoperation towards a 
complex information infrastructure for ePrescribing involving many stakeholders. 

The expected rapid growth of volumes led to a focus on quality and stability in the 
communication of ePrescriptions. The intervention to meet these challenges was to initiate 
at joint project to design and implement a new National ePrescription Format (NEF). The 
design aimed at improving the quality of the content of the ePrescriptions, while in the 
past the focus had been on the transfer of ePrescriptions. The design included a 
clarification and formalization of the content and prescription rules to validate and handle 
the prescription, including a validation of each ePrescription transaction according to these 
rules. The governance of the ePrescribing process was improved with enhanced test and 
approval procedures for EHR-systems, enhanced incident and problem management and 
a common maintenance of the changes to the ePrescribing process. The field experimental 
study was designed to measure the quality of the ePrescription message before and after 
the intervention. The findings in the field experimental study showed a dramatic increase 
in the quality of the ePrescription message. 

These findings have been situated in the evolution of ePrescribing and have been 
analyzed using theories and frameworks. The IS actability theory and actability criteria 
was used to relate the findings in the field experimental study to various aspects of 
interaction, communication, and process quality. The communicated message was 
analyzed using speech act theory. The role of the stakeholders in providing shared 
information services in the ePrescribing process was described. The findings in the study 
was analyzed using the European Interoperability Framework (EIF) in order to analyze the 
improvements in an established and well-known interoperability framework and to draw 
some lessons in using such a framework. 

The characteristic of the joint intervention of the NEF was summarized and related to 
the EIF framework. The intervention was further put in a historical context of 
implementing ePrescribing in Sweden. 

From this field experimental study in improving interoperability in ePrescribing and the 
analysis of its findings, it is clear that improving interoperability is a complex endeavor, 
which includes political, legal, economical, organizational, cultural, semantical, and 



 
 

technical issues. These issues do not only concern the communicated messages between 
organizations, but also the related information systems, the whole information 
infrastructure, the interoperating processes and their context. Many stakeholders are 
involved in providing shared information that is necessary for the interoperation and will 
thus influence the interoperability. 

This study focused first on the quality of the communicated message. Still, it was able to 
illustrate the complexity of the communicated messages and how it crystalizes various 
aspects of the overall process. This study shows the need for a theoretical framework that 
can structure this complexity in order to accumulate experience, research results, and be a 
guide to practitioners working with improving interoperability. 

In this study, we have investigated the communication quality with regard to documented 
requirements on the ePrescription message before and after an intervention. Other studies 
have addressed prescription errors from a pharmaceutical point of view. [161, 200-202, 
213-215] 

This study has contributed with empirical finding and insights, which are contributions 
to a theory on interoperation and interoperability. See further chapter 9 A practical theory 
on interoperation and interoperability. 
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6 A practical theory on 
ePrescribing  

In this chapter, we will summarize a practical theory on ePrescribing. The chapter is based 
on the paper Towards a socio-pragmatic understanding of ePrescribing [42]. Confer the 
paper for a more detailed account. 

This paper was written and accepted in 2008. Since then, there has been a major re-
regulation of the pharmacy market in Sweden, which has changed some aspects of 
ePrescribing, mainly in the form of a new constellation of actors. The presentation here is 
adapted to these changes, although they did not alter the fundamental elements of the 
practical theory. 

An additional aim of this chapter, with its rather extensive summary, is to introduce (see 
also chapter 4 and 5) the reader to the domain of ePrescribing. 

6.1 Complexity of communication 
between organizations using 
information systems 

One important part of ePrescribing is communication of prescriptions between different 
organizations using information systems. Communication between organizations using 
information systems is considered a complex undertaking because in addition to 
exchanging data without errors in a secure and reliable way, there is also a need for a 
coordination of activities and resources between the different organizations. At first sight, 
the exchange of data does not seem complex. However, it is often the case that a single 
simple message represents many views and usages, in many cases a crystallization of a 



 
 

coordination of activities and resources that are actually (many times implicit) made in 
using the message. Thus, the message has multiple functions. [216] 

A too narrow view of the informational aspect of a message could miss other aspects of 
the communication and thus lead to an underestimation of the complexity of 
communication. A more comprehensive approach is to view information exchange as a 
social act of communication, which put a particular focus on the coordination of actions 
between the participants in the communication. Frameworks have been suggested to 
analyze this communication. [140, 159, 160, 217, 218] 

A contribution to an improved understanding of the nature of communication between 
organizations using information systems could be to: 

• employ theories and methods in order to direct attention to various aspects of the 
communication; 

• evaluate the utility of such theories and methods in a practical setting; 
• develop practical theories of inter-organizational communication in various work 

contexts. 

The purpose with this chapter is to make such a contribution in the ePrescribing work 
context. For this purpose, we have used a number of extant practical theories in order to 
analyze the communication between different parties in ePrescribing. In applying these 
theories on the practice of ePrescribing, we have gained experience in the utility of these 
theories. We have also used this work to develop a practical theory on ePrescribing, which 
could provide practitioners a reference model in the work to develop and improve 
ePrescribing. 

6.2 ePrescribing - background 
ePrescribing is a complex process involving various professions (Physicians, Nurses, 
Dentists, Veterinaries and Pharmacists), actors (Prescriber, Patient, Pharmacist, and 
Authorities), and relations (Prescriber – Patient, Prescriber – Pharmacist, Pharmacist – 
Customer, Citizen – Authorities, et cetera). The outcome of a prescribing activity, the 
prescription, is not just a piece of information; it is an authorization to the pharmacist to 
dispense drugs at the request of the customer. 

ePrescribing is technically complex, involving many different systems and system 
interfaces from an ordination made by a physician in the EHR (Electronic Health Record) 
system, via a prescription sent to the pharmacy, an order from the customer (either through 
an e-commerce system or at a pharmacy), to the dispensing process and the life cycle of 
the electronic prescription. ePrescribing in Sweden is no longer only an electronic transfer 
of a prescription; it has become the original artifact whose history is encoded in the 
information systems as it was yesterday noted on the paper prescription.  
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The development of a new format for ePrescription in Sweden [219] (see chapter 5 for a 
detailed account) has demonstrated a need for handling the real communication 
complexity. Syntactic and semantic controls as well as the control of legal prescriptions 
and business regulations have been implemented to increase the quality of ePrescription 
with the focus on patient safety and reducing the costs of deficiencies in information 
quality. Studies have shown the importance of working with improving the quality of 
information in ePrescribing. [162, 200] 

The tremendous growth of ePrescribing in Sweden, where more than 95% of all 
prescriptions are electronic, together with the growth of new public e-services, points to a 
need to develop and use models for conceptualization and guidance in analyzing and 
developing e-services. [73] 

6.3 Research method 
The initial research question posed for this study was to better understand why the 
seemingly simple message – the ePrescription – was much more complex than it first 
seemed. The first approach to answer this question was to assume that the complexity 
derived not from the message itself but from its role in a complex and regulated process. 

To analyze the context of the ePrescription message, it was necessary to analyze its role 
in the ePrescribing process. Three theoretical models have been selected and applied in 
the analysis of ePrescribing: 

• socio-pragmatic communication analysis; [216] 
• Generic Exchange Model (GEM); [73] 
• Generic Regulation Model (GRM). [74] 

The main criteria for the selection of these models are that they contained elements that 
could highlight the action perspective in the communication as well as the aspect of social 
relations established in the communication. 

The reason to use three models was an increased understanding during the initial analysis 
that the three models contributed with different perspectives of the prescribing process. 
First, a general point of view as a regulative process between markets or forums, then, an 
analysis of the overall interaction between parties or actors, and finally, a more detailed 
view of the communicated message. 

Thus, there are three levels in this communication: 

i. markets/forums in which actions takes place; 
ii. actors making communication acts as part of a work practice; 

iii. communication action made. 

The Generic Regulation Model (GRM) [74] was used to analyze ePrescribing from a 
regulatory perspective – the relation between (i) market/forums. GRM is in turn based on 



 
 

Generic Exchange Model (GEM) [73], which was used to analyze the exchange in the 
work practice (ii). 

The analysis of the different aspects of the communicated message between the actors 
(iii and ii) used a framework for socio-pragmatic communication analysis and the dyadic 
communication in GEM [216]. 

The main benefit expected from this application of extant theories is the 
conceptualization of various phenomena, properties, and relations that exist in the 
ePrescribing practice. Although, the focus is on ePrescribing, we think that most of the 
analysis result can also be applicable to other forms of prescribing such as using phone, 
fax, or paper as a medium. See section 6.4.3 on the relation between ePrescribing and 
Prescribing in general. 

The collected empirical material consisted of relevant parts of the existing 
documentation from the work with defining the new national ePrescription format (NEF), 
requirement specifications for developing the Swedish National Pharmacy Register [126], 
the Prescription Register, and the eCommerce system for ordering on prescriptions at 
NPC, laws and decrees regulating the prescribing process (from ordination to dispensing 
and consumptions of drugs), process and routine descriptions of the dispensing process, 
together with interviews and personal communications with requirement engineers, 
developers, pharmacists, prescribers, and other experts (for example a legal experts) in the 
field. 

The researcher had also extensive knowledge and understanding of the field as an inside 
researcher and practitioner in ePrescribing. See chapter 3 Methods of inquiry for more 
details. This experience benefited the empirical work allowing access to internal sources 
and access to first-hand knowledge. The challenges have been to master and understand 
the extant theories and applying them correctly to the ePrescribing domain. 

The contributions are twofold: 

• empirical grounding of the extant theories in ePrescribing and assessment of their 
utility to analyze an inter-organizational work practice; 

• generalizing experiential practical knowledge and other facts of ePrescribing using 
extant theories into a general practice theory on ePrescribing. 

6.4 Analysis of ePrescribing work practice 
In this section, we will analyze the overall context for the work practice of ePrescribing. 
We will summarize the theories used and then apply them to analyze ePrescribing. 

 The Generic Exchange Model 
The Generic Exchange Model [73] has been developed specifically to analyze the 
government – citizen exchange and for a business setting with an interaction between 
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supplier and customer (Figure 30). The model consists of two levels, the forum or market 
level, which is a place where actors can meet for exposure and search, and the dyadic level 
where communication between producer/supplier and client/customer takes place. 

 

Figure 30 Generic Exchange Model (GEM). 

The dyadic interaction consists of four generic phases: initiation, agreement, fulfillment 
and completion. Connected corresponding types of exchange objects to these phases are: 
proposal, commitment, value, and assessment. The actors perform different actions in each 
phase. Another important concept in the model is the infrastructure for exchange, which 
consists of social and material preconditions, such as norms and regulations, instruments, 
guidelines, descriptions, et cetera.  

 The Generic Regulation Model 
The Generic Regulation Model was based on experiences in using GEM for developing e-
services in the public sector [74]. E-services in this sector are usually highly regulated. 
The Generic Regulation Model, which builds on the GEM model, highlights regulatory 
aspects between public agencies and citizens. Regulation is seen as a regulation between 
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different practices. One practice is considered the regulating practice that is regulating the 
other practice. 

Regulation is also put in the context of application of laws regulating different practices. 
The regulating practice is concerned with transactions which end with a product in the 
form of a decision. This decision, an outcome of regulating practice, which in turn is 
regulated by laws, acts as a specific rule for transactions in the regulated practice. Specific 
laws also govern this regulated practice. 

 Initial definition of ePrescription and 
ePrescribing 

In this section, we will put forward some initial definitions of ePrescription and 
ePrescribing. Then, we will discuss the relation between ePrescribing and Prescribing in 
general. 

What is ePrescribing? 
What is meant by ePrescribing? The National Council for Prescription Programs in the 
United States (US) makes the following definition: 

“two way [electronic] communication between physicians and pharmacies involving 

new prescriptions, refill authorizations, change requests, cancel prescriptions and 
prescription fill messages to track patient compliance.” 

This definition of ePrescribing goes beyond the definition of an electronic prescription 
made by the Swedish Medical Products Agency in their directives on prescriptions: 

“electronically transferred ordination of medical drugs … for individual user issued by 

a qualified prescriber” (own translation from Swedish) [169] 

This definition focus on the media (“electronically transferred”) and the medical content 
(“ordination”) and context (“user” and “prescriber”) of the prescription. 

Another definition, which focuses on the exchange of documents, taken from the 
Swedish National Board of Health and Welfare: 

“… [a] document, issued by a prescriber, which means an authorization for a pharmacy 
to dispense a certain medicinal product… to a certain person.” (own translation from 

Swedish, Socialstyrelsens Termbank 2007 – the Swedish National Board of Health and 
Welfare - Terminology) 

This definition adds a legal aspect to the prescription in describing it as an “authorization 

for a pharmacy”. 

The definitions made above by the authorities in Sweden do not focus on the process of 
Prescribing but on the outcome of this process. The definitions focus on the exchanged 
objects. 



 

 
 

A practical theory on ePrescribing 

In ePrescribing – Studies in Pharmacoinformatics [162] a process perspective is 
presented which also involves the citizen/patient. In this view, ePrescribing 

“… may be seen as an essential part of the continuous workflow in health care and 
pharmacy. In the same way, patients need to have updated and correct information on their 
drug therapy, both current and past. … Furthermore, the patient demand for fast and 

reliable health care services and modern patients’ claims for empowerment also need to 
fit into a good definition.” 

This perspective on ePrescribing is not limited to issuing the prescription document but 
also involves dispensing by the pharmacy and the consumption of the drug by the patient. 
We need to take into account the difference between Prescribed, Dispensed, and 
Consumed drugs [162]. 

One aspect that is missing in these definitions of ePrescription and ePrescribing is the 
economic aspects. These are regulated in an Act on Pharmaceutical Benefits [181]. The 
issuing of a prescription can thus be an act of commissioning a pharmaceutical benefit 
(“provisions” below) under certain conditions: 

“The provisions … shall be applied to a drug included on the Pharmaceutical Benefits 
Scheme if prescribed for human use by a doctor, dentist, nurse, midwife, or licensed dental 
hygienist for the purpose of preventing, identifying, alleviating or curing disease or 
symptoms of disease, or for a similar purpose, and provided that the prescription is labelled 
with a code which identifies the prescriber’s place of work (workplace code). “ (Section 

6, [181] translated to English by Dental and Pharmaceutical Benefits Agency [220]) 

Relation between ePrescribing and other forms of 
prescribing 
What is the relationship between ePrescribing and other forms of prescribing? First, we 
assume that the difference between ePrescribing and other forms of prescribing is a 
difference in media, which implies a different content, form and mode of communication 
of prescriptions and their related information. In Sweden, there have existed and exist at 
least four different ways of issuing a prescription: 

• electronic prescription (ePrescription) which has the information content in a 
digital form stored on an electromagnetic media and is communicated to the 
pharmacy using some electronic communication technology. In Sweden,104 the only 
mode of communication for an electronic prescription is a structured digital 
synchronous or asynchronous system-to-system communication using some 
standardized communication protocol; 

                                              
104 Another possibility could be to store a prescription on an electromagnetic media, like smartcard, and 

let a human agent, in this case the patient or a representative hereof, carry the prescription to a pharmacy, 
as an intermediate agent. 



 
 

• paper prescription has the information content in an analog form printed on a paper. 
Its mode of communication is carried through a human agent who brings the 
prescription to a pharmacy; 

• fax prescription is based on an existing paper prescription form (information 
content analog form) and its mode of communication is only partially system-to-
system, as it does not arrive in the pharmacy system. A fax prescription is only used 
in special situations and has only one month of validity and is not allowed to be 
stored in the national repository for prescriptions; [221] 

• telephone prescriptions have the information content in analog form (speech and 
notes) communicated to a pharmacist taking notes of the prescription. It is 
communicated using telephone human agent to human agent. A telephone 
prescription is only used in emergency, have only one month of validity, and is not 
allowed to be stored in the national repository for prescriptions. [221] 

For the analysis, we will not consider fax and telephone prescription further as they are 
used for special situations and are not very common. 

Thus, the two main differences between ePrescriptions and paper prescriptions are digital 
vs analog form of information content and system-to-system vs human agent for the 
communication of the prescription. This has several implications: 

• digital storing and communicating of a structured information content demands an 
information infrastructure to identify the content and the referred agents or objects 
and a communication infrastructure to distribute the prescription from system to 
system, from the prescriber system to the dispensing system at the pharmacies; 

• analog storing of written content on paper do not need new information 
infrastructures105 or new communication infrastructure to distribute the 
prescription, but can rely on the established writing sign system and the work 
practice language between prescribers and pharmacists including conventions for 
referring to medical drugs names, strength and from et cetera, and existing 
communication infrastructure to carry the prescription. 

Thus, the evolution of an information infrastructure is both a precondition and an enabler 
for the prescribing process. It will affect the prescribing process in many ways, enabling 
new possibilities and restricting others. What aspects will be the same and what will 
change in the prescribing process? If we apply, IS actability theory (see 7.9), we have at 
least three main aspects that will be influenced: 

• how to formulate the prescription; 
• how to communicate the prescription; 

                                              
105 This does not mean that information infrastructure does not develop with the paper media. See in this 

section for example the evolution of information from the pharmaceutical industry from separate 
information to centralized information to the prescriber and the pharmacist in form of a printed book, 
FASS. 
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• how to access and read the prescription. 

The way a prescription is formulated will change with ePrescribing. A paper prescription 
was formulated with a pencil on a printed papers prescription form with the support of a 
huge book of product resumes on pharmaceuticals sold in Sweden (now in two bands) 
published by LIF (the trade association for the research-based pharmaceutical industry in 
Sweden) each year. This book had also a section on possible drug-drug interaction. LIF 
has also this information on product resume´s on internet, which today are easily 
accessible from the EHR-systems and the dispensing systems used at the pharmacies. 
Before 1966, when this book (FASS) first was published, each pharmaceutical company 
published their own product resume’s in 50 different publications [222]. 

With the use of EHR-systems to formulate a prescription, the prescriber has available all 
approved medical drugs, their prices, if they were in the pharmaceutical benefits scheme 
or not. Recall also (see 4.3 Early pioneering phase) that the initial focus in the pioneering 
phase of ePrescribing was to create a decision support tools for the prescriber in 
formulating the prescription, choosing the appropriate medication for a specific treatment, 
calculating dosage regimes, check for drug-drug interaction, et cetera. Today, the EHR-
systems contain many of the functions that were envisaged and prototyped in the beginning 
of 1980s. In this sense, ePrescribing have contributed with a huge improvement for the 
prescriber in formulating the prescription. 

One way to reflect on how it affects the mode of communication is to recall the evolution 
of ePrescribing in Sweden (for details see chapter 4). ePrescribing has had a long history 
in Sweden and existed parallel to prescription on paper. The regulation of ePrescriptions 
has followed and used similar rules as for paper prescriptions. In the beginning, an 
ePrescription was from a legal point of view only considered a mode of communication, 
an “electronic transfer”, of a prescription (see above). If there were more fills left on the 
prescription it was printed out on paper at the pharmacy. An ePrescription was not yet 
completely accepted as a “real” prescription. This view on ePrescriptions as a mode of 
communication restricted in fact what you could do with the prescription from the point 
of view of the pharmacies and patient. It was regulated that the prescription should be sent 
to a specific pharmacy and that it had to be picked up at that pharmacy.106 Today, 
ePrescribing means that a patient can choose and approach any pharmacy in Sweden, 
physically or by using internet, to get an ePrescription filled. 

How the pharmacies get access to and read the content of prescription was influenced 
by ePrescribing. With a paper prescription, a patient could go to any local pharmacy on 
the pharmacy market107. Thus, the paper prescription was not issued to a specific pharmacy 

                                              
106 It was then implemented in the dispensing systems at the pharmacies that it could be sent to another 

pharmacy on request. 

107 Even if was a pharmacy market with only one national pharmacy corporation, it was possible to go to 
any pharmacy in Sweden with a paper prescription. 



 
 

but to any pharmacy in Sweden that have the authority to sell prescribed medical drugs on 
the retail market. 

ePrescribing evolved in two important aspects from its initially more restricted 
functioning: 

• ePrescription got the same status as a paper prescription as the original artefact, i.e. 
no more a mere “transfer” of a prescription. It became possible to change the media 
of the prescription from ePrescription to paper and vice versa; 

• ePrescription could be addressed to the whole pharmacy market, in the same 
manner as a paper prescription, using the national repository for prescriptions. 

In this sense, ePrescription has regained some of the functionally which the paper 
prescription already had. Another important difference which was brought about with 
ePrescribing was the fact that the pharmacist no longer needed to interpret and transcribe 
the sometimes difficult to read paper prescription. The paper prescriptions had to be 
transcribed and registered in the dispensing system in order to be dispensed. In 1989, all 
the pharmacies in Sweden had a dispensing system with a medical drug register. Thus, the 
pharmacist had to translate the medical drug prescribed into packages delivered to the 
customer. The pharmacist was in this sense a filter, or rather a gatekeeper, between the 
prescriber’s paper prescription and the final dispensed prescription, correcting 
misspellings or ambiguities. With ePrescribing, this filter was removed and all the errors 
created in the formulation phase in the prescription were transferred directly to the 
pharmacy dispensing systems. While some errors declined with ePrescriptions such as the 
identification of the medical drug, still pharmacists have to correct many instructions for 
use before they can be communicated to the patient [200, 223]. 

Another aspect to consider is the fact when more than 95% of all prescriptions are 
ePrescriptions, ePrescribing have become the new the role model for Prescribing. 

Hence, it is plausible to assume that ePrescribing as analyzed here in its evolution, now 
encompasses and had become the role model for the prescribing process in general. Thus, 
in the final analysis, ePrescribing and Prescribing can be used interchangeable in a theory 
on ePrescribing. It is also the case that the prefix ‘e’ before a phenomenon usually first 

begins as a reference to something new. When it becomes the general mode of operation, 
the ‘e’ tends to disappear. This does not mean that ePrescribing and paper prescribing were 
all the same in the beginning. They have both evolved historically and merged into one 
process of ePrescribing. ePrescribing transforms the prescribing mode of operation and 
its manifestations. It creates new restrictions and new opportunities for the prescribing 
practice. 

Intermediary Conclusion 
The initial analysis of an ePrescription in the context of the ePrescribing work practice 
has highlighted the following aspects of a prescription:  
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• media form and communication of the prescription; 
• medical content and context of the prescription; 
• judicial authorizations linked to a prescription; 
• economical commissions linked to a prescription. 

These aspects are important in defining the scope of ePrescribing. We need to consider 
the whole cycle from initiation in the interaction between the prescriber and the patient, 
through dispensing and consuming the drug, and finally the completion phase with its 
relation to both the pharmacy and the prescriber. 

This approach is useful to understand the complexity of ePrescribing and helps us to 
highlight important issues such as quality, safety, and effectiveness, i.e. in the end 
contribute to a better drug utilization to the benefit for various stakeholders. Information 
technology plays an important role in contributing to this goal. 

There are two exchange situations in ePrescribing: 

• the health care market 
o prescriber - patient exchange with pharmacy as an indirect party; 

• the pharmacy market 
o pharmacy – customer exchange. 

The Generic Exchange Model (GEM) model will be used to analyses the two exchange 
situations and the relation between the health care market and the pharmacy market will 
be analyzed from a regulatory perspective using the Generic Regulation Modell (GRM). 

 Health care market – the prescriber - patient 
exchange  

The forum/market place for the patient is usually the regional health care providers - 
publicly or privately owned. It is possible for the patient to choose between several 
prescribers offering their services to the citizens. 

The product offered in this forum has a generic meaning: something is produced with 
the intent to be used by someone. This means that what is produced can be a service like 
giving health care and, in the context of ePrescribing, result in an outcome of a prescribed 
medical treatment for outpatient care108 in the form of a prescription. Other outcomes of 

                                              
108 Within the context of ePrescribing, we are considering the situation that the patient is either not 

hospitalized more than 24 hours or is going to leave a hospital, i.e. inpatient care, and therefore is moving 
towards an outpatient care situation. In Sweden, prescriptions are issued for outpatient care only. Medical 
treatment at hospitals and other institutions are administered by the institutions themselves, who procure 
and store the medical drugs for later administration to patients from distributors via so-called hospital 
“pharmacies”. Medical treatment at hospitals does not require a prescription but is documented as a 
medical “ordination”. 

 



 
 

the health care service could be a doctor’s certificate, treatment, advice, or a referral to 
another actor in the health care sector. Thus, in the health market place, health care services 
are supplied to meet the demands of the citizens. In the outpatient care, the most common 
outcome is a medical treatment109. 

At the dyadic level, where the actual exchange takes place, there is an interaction 
between a producer and a client. In this context, the producer is the prescriber and the 
client is the patient. 

The interaction starts with an initiation phase. Actions by the customer can be an earlier 
request for an appointment with a doctor, a presentation or description of a health-related 
problem. The response by the doctor in this phase could be an investigation, a diagnosis 
and a presentation of some alternative treatment. A proposal110 for medical treatment with 
medical drugs could be made to the client, represented in the model as an exchange object 
of the Proposal type. 

The next phase is called the agreement phase. In this phase, the prescriber and the patient 
agree on the prescription of a medical drug to alleviate, cure, or prevent a disease or a 
health-related problem. The prescriber makes a promise to issue a prescription to the 
patient. The prescriber also promises (implicitly), on behalf of the public health care, to 
pay the reimbursement for the prescribed medical if that is applicable to the disease. The 
exchange object is a Commitment from both parties. 

The next phase is called the fulfillment. The exchange object is of the Value type. From 
the point of view of the prescriber, it is an ePrescription, which is a “… document, issued 
by a prescriber, which means an authorization for a pharmacy to dispense a certain 
medicinal product …” (see above). The prescriber gives instructions of use to the patient. 

The exchange object from the patient is either the patient fee, or in case of the renewal 
of the prescription by phone, a corresponding patient fee paid later. Note that the 
compensation for the delivered prescription is not directly linked to the prescription, but 
is a payment for the appointment. In a way, the issuing of a prescription is free of charge 
except in the case of a renewal by phone, email or eService. 

The completion phase may consist of various types of assessment actions. This phase 
could be viewed in two ways. First, as a completion of the appointment and, in this context, 
an assessment of the immediate outcome. Another, as an assessment of the intent behind 

                                              
109 In 2012, the total cost for prescribed pharmaceuticals was 25,315 million SEK. [224] In 2009, the 

number of doctors’ visits at primary care per 1000 inhabitants was 1460 and prescribed pharmaceuticals 

was 9.1 % of the health care cost in 2009. [225] 

110 With this action one can say that ePrescribing is initiated, the other type of initiations belongs to the 
medical treatment in general, not yet necessarily resulting in a proposal for at treatment involving a medical 
drug. In any case, they are a prelude to ePrescribing practice. For an analysis of boundaries of ePrescribing 
see 9.3.1. 
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the prescription which is the completion of the medical treatment. This second view 
highlights one of discontinuities that exist today in the ePrescribing process. The 
prescriber often has no knowledge, apart from the information given directly by the 
patient, of what is dispensed and then presumably consumed by the patient. 

Ideally, the completion phase seen as an assessment of the effects of the treatment with 
medical drugs would benefit from a “prescription fill message to track the patient’s 

compliance” (see above) and its incorporation into the medical treatment111 of the patient. 
Part of this feedback can be achieved by using information in the Swedish National 
Pharmacy Register [126], which contains dispensed prescribed drugs at pharmacies. This 
information can influence further decisions of the prescriber together with data from the 
patient. 

The connection between the different exchanges in ePrescribing, i.e. the Prescriber – 
Patient exchange and the Pharmacy – Customer exchange, can be described as linked 
communication loops, see Figure 31. 

 

Figure 31 Linked communication loops in ePrescribing (inspired by Action Work Flow approach [71]). 

                                              
111 Ideally, this assessment would benefit from gathering of additional data surveying the administration 

of the medical drugs, reading of physiological data, self-assessments by the patient, et cetera. This will be 
the next step in extending the ePrescribing process. 

Agreement
Fulf

illm
en

t

Initiation
Com

ple
tio

n

Agre
em

en
t

Fulfillment

Ini
tia

tio
n

Completion
Prescription

Prescription fill

Prescriber -
Patient

Pharmacy – 

Customer



 
 

The link between the different exchanges is the prescription.  

The infrastructure for exchange (see Figure 30) involves all the legislation around the 
prescription document, the policy for reimbursement, the price setting of drugs for the 
wholesale market, and the end customer market, what drugs are eligible for reimbursed, 
the legislation on generic substitution, et cetera. In the ePrescribing context, a major part 
of this infrastructure for exchange is available to the prescriber though infrastructure 
information services which are made available through the prescribers’ EHR-system. 

 Pharmacy market – the pharmacy customer 
exchange 

Any local pharmacy in Sweden can dispense an ePrescription. There are several services 
supplied to the pharmacy market, mainly providing OTC medical drugs, prescribed 
medical drugs, and pharmaceutical counseling services. The provision of prescribed 
medical dugs is completely restricted by the issued prescriptions in the health care market, 
as there is no right for pharmacists in Sweden112 to issue, adapt or renew any prescription. 
Pharmacist can only make some minor changes to a prescription to correct errors. 

On the dyadic level, the initiation phase usually starts with a customer request to buy 
medical drugs on an ePrescription. The pharmacist retrieves the referred prescription, 
check for generic substitution and availability, the customer’s reimbursement level, and 
makes a proposal that contains quantity of medical drugs and their net price with 
reimbursement. The pharmacist also checks the legality of the prescription and makes a 
pharmacological control of the dosage, checking possible drug interactions et cetera. This 
phase ends up in a Proposal type of exchange to the customer. 

In the next phase, the customer accepts this proposal and commits to pay for the 
dispensed drugs. The pharmacist prepares the order for dispensing. 

The fulfillment phase consists of delivering the drugs and the payment by the customer. 
The pharmacist makes a technical control of the drugs that are handed out, and gives 
instructions of use to the customer. The dispensed drugs are registered for the official 
statistics and reporting to the health care actors what generic substitutions have been made. 
This event is also registered in the National Pharmacy Register, which can be used later 
by the prescriber, pharmacist, and the patient as a historical record of dispensed drugs. The 
completion of this phase creates a record of this transaction which are aggregated during 
the day and form a basis for an invoice to the health care actors for the reimbursement 
given by the pharmacy.  

                                              
112 In some countries, like Canada, pharmacist can initiate, renew, and adapt prescriptions. [226] 
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Finally, the completion phase could consist of a complaint or comment by the customer 
on the dispensed drug at a later visit to the pharmacy, but also be materialized in a planned 
counseling event with a pharmacist on the total drug use of the customer. 

The pharmacies and the pharmacists are the final gatekeepers working both for the 
fulfillment of the prescriber’s intention with the medical treatment, the authorities’ 

intention for patient safety and the cost effectiveness of the drug use. This makes the 
dispensing process complex and involves many control mechanisms. 

 Model of exchange in ePrescribing – a 
regulatory perspective 

 

 

Figure 32 Prescription as a link between the two practices of medical treatment and medical drug 
dispensing in the health care and pharmacy market respectively. 

In Figure 32, the two interacting work practices in Prescribing is illustrated. The first is 
the medical treatment with the prescriber – patient interaction. The second practice is the 
medical drug dispensing with the pharmacy – patient/customer interaction. The 
prescription, which is an outcome of the medical treatment practice, has the role of 
regulating the pharmacy – patient exchange. It permits the patient to buy the prescribed 
drug from a pharmacy and, at the same time, it gives the pharmacy the authorization and 
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obligation to sell the prescribed drug to the particular customer/patient. Without the 
prescription, the exchange would not occur113. 

In terms of the GRM, the medical treatment practice is the regulating practice and the 
medical drug dispensing practice is the regulated practice. The prescription regulates the 
transactions in the regulated practice. Both practices are regulated by several laws (for 
example LVFS 1997:10 [169]). 

The described exchanges in Figure 32 have been limited to request – product exchanges. 
A more comprehensive GEM analysis has been presented in sections 6.4.4 and 6.4.5 
above. Figure 32 illustrates a generic model that is valid for both paper prescriptions and 
ePrescriptions.  

However, with the implementation of a national repository of prescriptions, making 
prescriptions available to all pharmacies, an explicit electronic market place of options114 
to sell prescribed medical drugs, has been created.  

We have now studied ePrescription in its various work practice contexts. It is time to 
move on to a more detailed analysis of the ePrescription. 

6.5 Socio-pragmatic communication 
analysis of ePrescribing 

In this section, we will complement the work practice and exchange analysis of 
ePrescribing (section 6.4 above). The analysis will focus on the ePrescription as a message 
for communication. 

Goldkuhl [216] has developed a socio-pragmatic communication framework. It 
emphasizes communication as a social action and interaction and conceptualizes various 
communication functions. This framework has its roots in speech act theory [227, 228] 

                                              
113 That is why a breakdown in this communication between the different work practices has immediate 

consequences for both practices. 

114 In the requirement specification work for the National repository of prescriptions and its services 
towards the re-regulated market from a single pharmacy chain to several competing pharmacy chains, there 
was an important discussion on how to implement the rules of holding a prescription for a particular 
pharmacy in order to avoid conflict in updating the repository. Initially, it was decided that a prescription 
should only be locked for other pharmacies after the customer has confirmed an order to dispense. A fill 
of a prescription could be revoked if the drugs were not delivered. This discussion erupted because there 
was a concern to avoid any unfair use by different pharmacy chain. The principle was that it was the 
customer, which decided when and how a prescription should be filled - by using an eService, telephone, 
and request either at a pharmacy or by a contract for a subscription or advance order. Later, this design 
was changed to be a more ‘open’ model where there was no locking at all of a prescription, but instead at 

the time of update (completing the fill) there was a version control so that it was not possible to corrupt the 
repository, i.e. the first to sell wins. Thus, design decisions like these affected the working of the new 
market for selling of prescribed medical drugs. 



 

 
 

A practical theory on ePrescribing 

and the language action perspective. [159] It is also inspired by several other theories such 
as semiotics, functional linguistics, and conversation analysis. For background and content 
of the framework confer Goldkuhl [216]. The socio-pragmatic communication framework 
is theoretically consistent with the GEM model, since both of them build on the same 
theoretical basis, socio-instrumental pragmatism. [229] 

 Analysis framework: a socio-pragmatic 
conceptualization of communication 

The analysis framework consists of nine facets of communication called communicative 
functions, which are described below. 

Table 15 The nine communication facets in the socio-pragmatic communication framework (from 
Goldkuhl [216]). 

Trans-
situationally 
compliant 

The message is in accordance with general institutions and norms and 
specific trans-situational grounds, which may be brought into the situation as 
the social background to the communication 

Situationally 
responsive 

The message may be a response to a prior message in the communication 
situation and situational features 

Expressive The message is the expression of the locutor’s subjectivity (intentions, 

desires, skills, emotions, values, understandings, commitments et cetera.) 

Referential The message says something about something in the world; objects and 
processes talked about 

Accountable The message needs to be comprehensible, i.e. it must to some degree be self-
contained and include sufficient self-references and arguments to explain its 
role in the communication process 

Directed The message is directed towards one or more addressees. There may also be 
secondary recipients (an audience) 

Relational The message establishes certain action relations (expectations, commitments, 
states) between locutor and addressee and sometimes on a socially broader 
level  

Projected The message may be an initiative to further actions 

Mediational115 The message is expressed in some medium (channel, carrier) and thus 
utilizes the particular features of this medium 

                                              
115 By mediational is here not meant the act of mediating but the form in which the communication is 

taking place. 

Function Explanation 



 
 

 

 Analysis of ePrescription communication 
situations 

In this section, we will make some general remarks before we analyze the two 
communication situations in ePrescribing: patient – prescriber and customer – pharmacy. 

The first step is to clarify who are the locutor and the addressee. The framework assumes 
a dyadic communication, but it is possible to define secondary addressees if needed.  

One result in the analysis using the GEM was that the prescription and its infrastructure 
for exchange regulated the whole pharmacy market for prescription drugs. The implication 
is that while the communication at the forum/market level of the health care market mainly 
takes place between the prescriber and the patient, it is obvious that the pharmacy market 
is also an addressee of the communication acts, since it is a part in regulating the 
pharmacies’ authorizations to sell drugs to customers. 

A pharmacy actor in the model will represent the pharmacy market. Even if the 
communication between the customer/citizen and the pharmacy exerts an influence on the 
health care market, this influence is effective after the communication has taken place. 
This does not contradict the view of ePrescribing as a process that also encompasses the 
dispensing and consumption of drugs, a view we have taken in the preceding analysis. In 
this analysis, prescribing and dispensing are separated as two speech acts. They are linked 
into one overall process via the application of GEM (see the previous section 6.4).  

In the dispensing process step at the pharmacy, based on the prescription, the locutor is 
the customer116 and the pharmacy is the addressee.  

The two communication situations focus on two important messages, prescription (see 
section 6.5.3) and prescription order (see section 6.5.4). We have assigned the locutor as 
the main initiator of the communication. If we look closer at the conversation that actually 
takes place in these communication situations, we have in some cases an interaction where 
the addressee takes an initiative in response to acts made by the original locutor. This is 
particularly the case with the exchange around a prescription order, where the pharmacist 
creates speech acts in the fulfillment of the order process. As these acts are a direct 
response to the initial speech acts by the original locutor, we have kept this actor as the 
locutor in the model, even if in these speech acts the addressee acts as a locutor in those 
cases. This approach makes it easier to follow the analysis. 

                                              
116 Note that the role of the patient has changed from patient to customer in relation to the pharmacy. 
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 Analysis of the prescriber – patient 
communication 

Figure 33 illustrate an application of the framework to the prescriber – patient 
communication, where the issuing of the prescription is the basic communication act. 
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Figure 33 Nine facets of communication – applied to the Prescriber – Patient communication (based on 
Goldkuhl [216]). 

Directed facet 
The directed facet focus on who is the addressee of the communication. 

We have two addressees in the action of issuing a prescription: patient and pharmacy, 
where the pharmacy is indirectly involved in the communication situation. 



 
 

Mediational facet 
A prescription could be electronically mediated, issued by phone, sent by fax to the 
pharmacy, or printed out as a paper prescription handed out to the patient.  

Situationally responsive facet 
The communication between the prescriber and the patient can take place in different 
contexts. One situation is when the prescriber physically meets the patient for consultation 
either at a hospital or at a care center. It could also be a question of the renewal of a 
prescription at the request of the patient via telephone or email. In this case, the 
prescription is a matter of a response to an earlier message. The patient may have a 
medication history which can be accessible in various ways, either via the patient directly, 
via an EHR-system or through access to the Swedish National Pharmacy Register [126]. 
These aspects are covered by the situationally responsive facet. 

Expressive facet 
The expressive facet focus on the intention of the prescriber in terms of a medical 
treatment. The prescriber has the intention to prevent, cure or relieve a condition or a 
disease through medical treatment. The patient may also have preferences for a certain 
medication or treatment. 

The adequate medical drugs are selected for the treatment together with a specification 
of the strength, form, dosage, and an instruction of use. This medical directive is an 
expression of the prescriber’s professional medical knowledge. Thus, the intention and 
knowledge are transcribed into a prescription. 

Relational facet 
The issuing of a prescription is part of the relational facet, because it establishes a relation 
between the patient, prescriber, and indirectly to the pharmacy market. From a speech act 
point of view [227], this can be considered as a declaration of authorization, and at the 
same time is the prescription a directive to take a certain amount of medical drugs at a 
certain interval for certain situations or conditions. The prescriber also makes a commissive 
action in promising that the regional health care organization will pay the reimbursement 
for the drug. The prescriber is responsible for these directives in the prescription. Whether 
or not the addressee will comply with this directive is not given. The patients may never 
use the ePrescription. [230] 

Trans-situationally compliant 
To issue a legally valid prescription, it must be addressed to the patient (as the subject of 
care) in the form of a document or standardized message according to the norms and rules 
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of a prescription, which declare the authorization of the patient to order a drug prescribed 
in a prescription. The issuing of a prescription must be trans-situationally compliant. 

What constitutes a legal prescription is defined in a set of prescription rules issued by 
the Swedish Medical Products Agency. How these rules are to be applied on electronic 
prescriptions is then interpreted by the stakeholders. 

See [8, 9, 42] for an explanation how the prescriptions rules are applied in ePrescribing 
in Sweden. Other regulations concern rules for the reimbursement of the prescribed drug 
and for the generic substitution. 

The conclusion is that the issuing of a prescription takes place in a complex setting, 
which is one contributing factor to the complexity of the ePrescribing process. 

Projected facet 
According to Goldkuhl [216], the projected facet covers some of Searle’s speech act 

functions. [227] One of these speech act functions is the class directive, which we have 
dealt with earlier in the relation facet. According to Searle, a directive speech act aims at 
influencing the addressee to take a specific future action. With this in mind, a prescription 
is an instruction to the patient to take medication according to a dosage scheme for a 
specified treatment period. 

The prescriber can also demand that the drugs should be dispensed several times without 
further consultation with the prescriber, i.e. a number of iterations can be prescribed. The 
prescriber can also demand that the prescription should be dispensed on a certain date at 
the latest.  

Referential facet  
The referential facet of the communication is traditionally the major focus in the 
description of the communication process, particularly when electronically mediated. 
Most of the effort of analyzing the domain is almost exclusively focused on the referential 
domain. This facet is a very important part of the communication, because it provides 
reference to objects in the world. For the ePrescription, there are a number of identifiers 
that refer to objects in various repositories. One important reference is the prescribed 
medical product. This reference and its corresponding description are very important for 
issuing a prescription. Other important identifiers are the prescriber’s authorization and 
workplace code, and the pharmacy and patient identifiers. These identifiers add up to the 
complexity of the ePrescribing process. 

Accountable facet 
The use of the accountable facet refers to the degree of comprehensibility of the speech 
acts to the addressees. It is important that the patient understands the purpose with the 



 
 

medical treatment and is able to understand the medication instructions. This is specially 
noted in the legislation of prescription rules: 

“23 § ... instructions regarding dosage, use, purpose and treatment period shall be written 
so that the patient or the animal keeper can use the medical drug in a correct manner. … “ 

(LVFS 1997:10 [169]) (our translation) 

The accountability of the message is also important for the pharmacist. 

 Analysis of the Customer – Pharmacist 
Communication 

Figure 34 illustrates an application of the framework to the Customer – Pharmacy 
communication, where the prescription order is the basic communication act. 
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Figure 34 Nine facets of communication – applied to Customer – Pharmacist communication (based on 
Goldkuhl [216]). 
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Directed facet 
From the analysis in section 6.5.3, we conclude that the addressee of the prescription order 
is the pharmacy. The prescriber is involved later in the process and is therefore not 
considered as an addressee. For the prescription order, the customer/patient is the locutor. 

Situational responsive and mediational facet 
The context in which communication occurs between the customer and the pharmacy can 
vary. Most of the variation is linked to the mediational facet, which can be internet-
mediated or telephone-mediated communication, or which is still the most common today, 
through the medium of oral speech in a physical appearance at a local pharmacy. 

The customer makes a speech act of the directive class, whether outspoken or not. The 
message that is communicated (either face-to-face or mediated through phone or an IS for 
ordering of medications) is a prescription order which is a request to dispense a 
prescription drug. 

Expressive facet 
The expressive facet expresses the intentions of the customer. A prescription order 
expresses the customer’s intention that the prescription is to be filled under certain 
conditions. 

Relational facet 
The order request by the customer creates action relations with the addressee. The order 
request is a directive. 

The pharmacist’s response to this request results in several actions. The pharmacist 
makes a promise to deliver a certain drug at a certain price, which is a commissive. This 
promise to deliver a drug at a certain price is based on regulations of the whole pharmacy 
market regarding pricing, generic substitutions (the cheapest generic drug), and 
reimbursement rules. 

The pharmacist can also create a directive, if the pharmacist has found that a drug in one 
prescription has a potentially serious interaction with another drug in another prescription, 
perhaps issued by another prescriber. [231] This directive could aim at urging the customer 
not to take a certain drug together with another drug or to instruct the customer how to 
avoid a certain interaction or to avoid the risk of duplicate drugs. Another option for the 
pharmacist is to contact the prescriber for an alternative drug on the prescription and 
thereby change the directive on the prescription and the directive of the pharmacist to the 
patient. 



 
 

Accountable facet 
The order by the customer may sometimes be clarified in an interaction between the 
pharmacist and the customer. It could concern the amount of the medical drug to be 
dispensed or to clarify together with the customer which prescriptions are to be filled. 

In response to the prescription order, the pharmacist contributes to the accountability in 
making the directive of the prescription more comprehensible by giving additional 
information and explanation. 

Clarification by the pharmacist of the instructions of use and dosage occurs for both 
paper and ePrescriptions. These clarifications (for example corrections and clarification of 
non-standardized abbreviations) can be made on the prescription original (whether on 
paper or electronically) and on the label on the package when delivering the drug. The 
pharmacist also gives oral instructions when delivering the drugs, for example how to 
handle an inhaler. 

Interview with pharmacists give at hand that many new prescriptions (whether on paper 
or ePrescriptions) have to be corrected when it regards dosage instructions. In an 
observational study made at a mail-order pharmacy in Sweden, 38% of all incoming 
ePrescriptions were corrected regarding dosage instructions without a need to contact the 
prescriber. [223] 

This indicates that the prescriber does not see the patient as the immediate addressee of 
the prescription but relies on the pharmacist to correct the dosage instruction to make it 
readable and comprehensible for the patient. 

Trans-situationally compliant  
The regulations regarding dispensing prescribed medical drugs are rather complex. There 
are legal rules describing what responsibility and rights the pharmacists have in the 
dispensing process. The pharmacist is responsible for checking that the prescription is 
valid according to the rules issued by the Swedish Medical Products Agency and that the 
prescriber has the authorization to prescribe the drug. There are also rules about the 
substitution of generic drugs that the pharmacist must follow, as well as rules about 
subvention, the correct workplace code, et cetera. 

The pharmacological control is also a very import part of the dispensing process. This 
means, for example, making a technical check of the medication. This involves also a 
control that there is no risk of drug-drug interaction among the drugs dispensed, that a 
correct dosage is used, that the dosage instruction is comprehensible to the patient, that 
there is no risk of duplicate drug use, and that the drug prescribed is adequate for the 
indication in the prescription, et cetera. 

If errors are found in the prescription, it is possible for the pharmacist to correct it within 
the norms and rules that are trans-situationally compliant. The pharmacist also approves 
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the dispensing with a signature (electronically on the prescription dispensing record and 
by pencil on the drug package dispensed to the customer). 

Referential 
Apart from the information already referred to in the prescription, additional information 
and status are added. A paper prescription could contain all the history and life cycle of 
the prescription through hand-written signatures and comments by the pharmacist, 
together with labels glued on, defining all the dispensing on the prescription. With an 
electronically stored and maintained prescription, all this is managed in the prescription 
repository including history and status changes. To electronically manage the life cycle, 
new referential information has to be gathered and managed. 

The process becomes more complex, since it needs to involve management of the whole 
life cycle of the prescription with many rules regulating subventions and the validity of 
the prescription. 

Projected facet 
The projected facet includes all the advice and instructions that the pharmacist delivers to 
the customer in order to improve adherence and patient safety. These communication 
actions are classified as directives and take place when delivering the drug to the customer. 

This facet expresses the desire of the pharmacist that the customer should adhere to the 
directive in the prescription issued by the prescriber. 

6.6 Application of practical theories and 
elements of a practical theory on 
ePrescribing 

The purpose of this chapter is twofold:  

• to make an empirical grounding of practical theories to assess their utility in 
analyzing ePrescribing communication; 

• to contribute with practical theory on ePrescribing which could guide practitioner 
in developing and improving ePrescribing. 

First, we discuss the utility of the used theories in analyzing ePrescribing, and then, we 
present some elements of a practical theory on ePrescribing that have emerged in the 
application of the extant theories to ePrescribing. 



 
 

 Utility of practical theories analyzing 
ePrescribing 

This study contributed with experience in applying three practical theories (GEM, GRM 
and the socio-pragmatic framework for communication) on ePrescribing. 

When applying practical theories in an inquiry into work practices, one important 
question to ask is whether the usage of the practical theories contributed to a better 
understanding of the practices analyzed. Did the practical theories contribute to: 

• new insights? 
• identify problems and opportunities? 
• focus the attention on important phenomena? 
• a more coherent description? 
• situating the various elements in a context? 

The inquiry into the ePrescribing practice was an inquiry into a generic ePrescribing 
practice. It did not analyze a particular local pharmacy or local prescribing practice but the 
general conditions for these practices. 

We think that the analysis presented in this paper demonstrates the ability of the theories 
used to function as guidance in the analysis and as a contribution of important concepts to 
describe central phenomena in ePrescribing. It has helped to highlight aspects that were 
not obvious, and has provided new insights such as: 

• the strong regulative role of the prescription for the pharmacy market; 
• the strong interdependence between the health care market and the pharmacy 

market regarding prescribed drugs. 

The extant theories contributed also with diagnostic knowledge showing the gaps in the 
process of current ePrescribing in relation to the identified interdependence. For example, 
ePrescribing is today still to a high degree a one-way process with little feedback to the 
medical treatment practice on what is going on in the drug dispensing practice. This one-
way character put a high responsibility on the pharmacist for the patient safety and 
effective drug utilization. Another consequence is poor quality of prescriptions, resulting 
in that pharmacist frequently corrects prescriptions before they can dispense prescribed 
drugs to the customer. 

The notion of accountability (comprehensible and self-contained) and the importance of 
identification of the various addresses for the prescription message were important 
concepts in highlighting the quality of prescriptions. Introducing ePrescriptions will not 
solve all quality issues. 

The understanding of the strong interdependence between the practices can contribute to 
find new opportunities to improve drug utilization using information technology as an 
instrument. The theories used have made various contributions in providing important 
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concepts for analyzing phenomena and their relationships. The GEM model contributed 
largely to highlight the interdependence of the practices, particularly with its concept of a 
forum/market level distinct from the dyadic communication one. 

It was important to view the communication settings as part of a shared process, 
spanning over different market/forum levels, from the act of issuing a prescription to the 
consumption of medical drugs by the patient. Viewing ePrescribing this way makes it 
possible to better understand the multi-functionality of the ePrescription message and its 
role in various phases of the communication.  

The notion of exchange phases points towards the need to make a decision about the 
scope of the process. This guided the analysis of the link between the different 
forum/market levels with questions like; what do we complete in the completion phase, or 
what kind of the assessments are made? 

The GRM model contributed with the overall insight that ePrescribing encompasses 
both regulating and regulated practices and to show the specific regulative role of the 
prescription on the dispensing practice and the pharmacy market. 

The socio-pragmatic framework contributed particularly to analyze the multiple 
functions of the ePrescription message in ePrescribing. 

The three models complemented each other. The GEM and GRM model’s focus is to get 
an overall understanding of the exchange (actors, phases, objects, activities) between 
parties and how exchange is regulated. The socio-pragmatic framework contributes with 
guidance on the various social acts that are linked to the communication act, i.e. the multi-
functionality of the message. 

The models also overlap each other, particularly when it comes to analyzing the context 
of the communication. There is no clear separation of the kind of phenomena that are 
captured in the models. Instead, they give guidance in viewing various aspects of the same 
phenomenon. 

We think that the usage of the three models in the domain of ePrescribing also contributes 
to the empirical grounding of these theories and their usefulness in analyzing and modeling 
such a complex domain as ePrescribing. 

A general conclusion is that this kind of analysis sheds light on those social acts hidden 
behind the systems and documents in the process. 

 Elements of a practical theory on ePrescribing 
In this section, we will summarize the most important elements of a practical theory on 
ePrescribing. For a detailed description, see respective section in this chapter. 

  



 
 

 

ePrescribing – prescription as a regulating act 
 

 

Figure 35 Prescription as a regulating act on the pharmacy market. 

ePrescribing (see Figure 35) is a shared work practice with an exchange between work 
practices in two different markets, the prescribing as part of a medical treatment in the 
health care market, and the medical drug dispensing in the pharmacy market. These 
markets contain each of them separate work practices linked to various services supplied. 
These work practices are highly regulated through legislation and business rules. 
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Figure 36 Regulation of different practices in the shared work practice of ePrescribing. 

One shared work practice is ePrescribing. This shared work practice is regulated by a 
combination of legislation and business rules (see Figure 36). There are regulations of the 
following: 

a. the practice of prescribing in the health care market regulating prescribers and 
patient rights and duties; 

b. the relation between the pharmacies and the prescribers communicating 
prescription (for ePrescribing, fax prescriptions, and paper prescription forms); 

c. the prescription drug dispensing practice regulating the rights and duties of the 
pharmacist and the patient in the pharmacy market. 

These regulations in total are the regulation of the shared work practice of ePrescribing. 
These regulations are to be found in various (and many) legal and business documents. 
The regulation of the communication of prescriptions (b) is regulated in various ways. 
There are legal directives that there must exist a contract regulating a secure and reliable 
communication between a prescriber agent and a pharmacy agent when using 
ePrescriptions. The legal directives do not regulate the details of the contract. When using 
fax prescription (faxing a copy of a paper prescription to a pharmacy), there must also be 
a contract between the communicating parties. Interestingly, regarding paper prescription, 
and in a sense, it is natural, there is no regulation of the communication of the prescription 
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per se117, but there are detailed rules on the prescription form layout in the legal directives. 
The communication is not involving a direct communication between the prescriber and 
the pharmacy as the patient is the carrier of the prescription and the communication act. 
Thus, in this case, the communication act towards the pharmacy market and the 
pharmacies is implicit. 

From a macro point of view, the prescription issued from the health care market in the 
ePrescribing work practice is a regulating act of all the acts in the pharmacy market 
regarding prescribed medical drugs. In this sense, the prescription regulates the potential 
sales volumes of prescription drugs, the specific prescription drug to de sold (taking in 
account of generic exchange rules), and its cost for the patient and pharmaceutical benefits. 
One can view a prescription as a call option (right of the patient to buy and duty of the 
pharmacy to sell) on prescribed medical drugs in the pharmacy market issued by 
prescribers in the health care market. 

ePrescribing - interdependence between Health care and 
Pharmacy 
ePrescribing (Figure 37) consists of four generic phases of provision and usage: initiation, 
agreement, fulfillment, and completion (for a description of these phases applied to 
ePrescribing see 6.4.4 and 6.4.5). 

 

Figure 37 Generic phases in ePrescribing and their interdependence (inspired by Action Work Flow 
approach [71]). 

                                              
117 Only implicitly that the pharmacy is required to use the paper prescription original. 
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These phases exist between the prescriber and patient (medical treatment) in the health 
care market, and between the pharmacy and customer (pharmacy dispensing) in the 
pharmacy market. The work practices in the different markets are interconnected with 
prescription and prescription fills. Thus, prescription and prescription fills have an 
additional role of interrelating the work practices, both in initiation and completion of the 
work practices. 

ePrescription is a social act between prescriber, patient, 
and pharmacist 
A prescription, and likewise an ePrescription118 today, is a complex social act between 
prescriber, patient, and pharmacist. This complex social act is summarized in four aspects 
of a prescription: 

• media, a form and mode of communication; 
• medical content and context; 
• legal authorizations; 
• economic commissions. 

A prescription has thus multiple functions. 
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Figure 38 Facets of ePrescription communication. 

Figure 38 illustrates the application of the socio-pragmatic communication analysis 
made in this chapter. It contains different facets of the communication function in a 
prescription communication act (see below) and a definition of different addresses such as 
locutor and addressee. There are three actor settings in ePrescribing: 

• prescriber as the locutor and the patient as direct addressee; 

                                              
118 ePrescriptions are not merely an electronic transfer mode today but also the original artifact. The 

difference to a paper/fax of phone prescription is its media form. 
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• pharmacy or a pharmacy agent is an indirect addressee of the prescription. This 
relation between the prescriber and the pharmacy is explicitly regulated in 
ePrescribing using contracts between the parties. Other forms of media and how 
they should be addressed to the pharmacy is also regulated but not to the same 
degree119 as in ePrescribing; 

• customer (patient in relation to the prescriber)120 as the locutor and the pharmacy 
as the direct addressee. In this case, the communication is resulting in a prescription 
order based on the prescription. 

For a detailed description of the various communication situations and the multiple 
communication functions see 6.5.3 and 6.5.4. 

From the socio-pragmatic analysis of ePrescription (or of prescription in general for that 
matter), we can summarize different functions of the ePrescription communication in a 
table (see Table 16). 

  

                                              
119 Paper prescriptions are regulated in the prescription rules with explicit directives for the printed page 

layout of the prescription form; fax and phone prescriptions are also regulated in the prescription rules. 

120 A customer at a pharmacy is sometimes referred to as a patient to denote that the dispensing is part of 
a medical treatment even if the person in not actually a patient in relation to the pharmacy. 
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Table 16 Summary of ePrescription communication functions. 

Trans-situationally 
compliant 

A prescription is a highly-regulated communication act that is 
defined in prescription, pharmaceutical benefits and work 
practice rules. The ePrescription exchange is further regulated in 
eCommunication contracts (see 5.1.1) 

Situationally 
responsive 

Prescriptions are issued in a context of a medical treatment of a 
patient in outpatient care 

Expressive The prescription is an expression of the knowledge and intent of 
the prescriber for a medical treatment of a patient 

Referential The prescription contains references to prescribed medical drugs 
and the actors involved such as the workplace, prescriber, 
patient, and pharmacy/pharmacy agent 

Accountable A valid prescription is comprehensible for the patient and the 
pharmacist in order to make it useful in ordering, dispensing, and 
consumption of the prescribed medical drug 

Directed The prescription contains references to actors, who directly or 
indirectly relates to the prescription, such as the patient, 
prescriber, and pharmacy agent or pharmacy 

Relational The prescription contains and establishes a number of social 
relations between the actors, such as directives, commissions, 
and declarations of authorization 

Projected The prescription projects dispensing and the usage of the drug in 
a medical treatment in time (short or long-term treatment) 

Mediational A prescription can be in various media forms: paper, phone, fax, 
and ePrescriptions 

Main functions of prescription in ePrescribing 
We have seen from this summary of the main elements of a practical theory on 
ePrescribing that the prescription is a focal point in ePrescribing and has the following 
main functions: 

• a regulating act that on the: 
o transaction level regulates each dispensing transaction of prescribed 

medical drugs in the pharmacy dispensing practice; 

Function Examples applied to ePrescribing 



 
 

o infrastructure level regulates the health care market, with a similar function 
as of a call option which is issued by a prescriber towards the whole 
pharmacy market regulating the sales of prescribed medical drugs. It does 
also influence the cost of pharmaceutical benefits; 

• an interdependent link that connects two different work practice from initiation to 
its completion as part of the overall shared process of ePrescribing; 

• a social act between the prescriber, patient, and pharmacist which have medical, 
legal and economic consequences. 

 Conclusion 
This inquiry contributes with a practical theory on ePrescribing which can be utilized in 
further inquiries by practitioners, developers, and policymakers, when developing new 
functions, major changes or making improvements of the ePrescribing practice. 

The practical theory on ePrescribing, first presented in 2008 [42], has shown to be robust 
to changes even if the pharmacy market in Sweden has gone through its biggest change in 
30 years. One criterion developed by Cronen [133] for evaluating the reliability of 
practical theories is the ability to include and assimilate new data. The ability of the 
practical theory to assimilate the reality of the new re-regulated pharmacy market 
demonstrates its ability to include new facts without changing its fundamental properties. 

A practical theory should be useful for practitioners to better understand their practice in 
order to change it. In order to improve its utility and to test its validity, the practical theory 
has to be used and developed in new inquiries. For Dewey knowledge was always end-in 
view and needed to be tested and refined in new inquiries. 

The practical theory on ePrescribing is empirically grounded in ePrescribing in Sweden. 
Thus, it is first of all a generalization of ePrescribing in Sweden. However, it aims to be a 
general practical theory of ePrescribing possible to generalize to other countries. See for 
example a reflection made on ePrescribing in US in light of ePrescribing in Sweden in 
section 8.4.1 Network governance in ePrescribing – comparison US – Sweden. A future 
research would be to evaluate the practical theory on ePrescribing in other countries as 
well as evaluate it in relation to the present evolution and possible changes of ePrescribing 
in Sweden. 

The application of practical theories like GRM, GEM and socio-pragmatic 
communication analysis have given further support for the suggestion that they are useful 
in analyzing interoperation between work practices, particularly between different 
organizations and in highly regulated and interconnected markets. 
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7 Context of interoperation and 
interoperability 

In section 2.1, we have made a review of interoperability concepts and frameworks and in 
chapter 4, 5, and 6, we have described our experience and research in improving 
interoperability of ePrescribing in Sweden. 

To better understand what interoperability is about, we think it is necessary to analyze 
the context of interoperation. We view interoperability as a quality of interoperation. Thus, 
if we do not understand interoperation and its context, we will have difficulties to define 
and understand interoperability. 

This chapter aims at theorizing about interoperation and interoperability with a focus on 
the context of interoperation in order to arrive at a new definition of interoperability that 
integrates this context. We will use and further elaborate this definition in chapter 9 A 
practical theory on interoperation and interoperability. 

Information systems are used in interoperation to perform and coordinate actions 
between actors within and between work practices and organizations. This implies that it 
is important to understand the role of information systems and how they affect 
interoperability. 

However, information systems are usually associated with applications inside an 
organization, while interoperation typically is taking place between organizations. Thus, 
information systems need to be able to support the interaction between organizations. To 
do so they need to share an infrastructure for communication and institutional objects (se 
section 2.2.3 Features of information infrastructure). The concept of an information 
infrastructure121 highlights the need and role of infrastructure in inter-organizational 
interoperation. 

                                              
121 See also section 2.1.8 From technical to a broader view on interoperability. 



 
 

Interoperation involves communication between agents in separate organizations. Thus, 
there is a need for mutual understanding of this communication. Different views on how 
to achieve this mutual understanding will affect how to view interoperability. 

Another issue is how to understand the role of messages in this type of communication. 
Interoperation is not only about mutual understanding; it is also about coordinating 
actions. Furthermore, we need to analyze the role of a common ground for understanding 
and action, and the context of communication and interoperation when using an 
information infrastructure as a mediator compared to a face-to-face communication.  

This chapter aims at addressing these questions. 

The chapter is structured as follows. 

In section 7.1 Interoperation and interoperability - initial analysis, we make an initial 
analysis and definition of the relation between interoperability and interoperation. The aim 
is to provide an initial definition of interoperation and interoperability and its context. In 
the next sections, this context will be further elaborated. 

In section 7.2 Information systems and information infrastructure, we define our use of 
the concepts information system and information infrastructure and describe how these 
relates to interoperation. 

In section 7.3 Theories of meaning and views on interoperation and interoperability, we 
deal with theories of language and meaning and how they influence the conception of 
interoperability. 

In section 7.4 Messages in the context of interoperation, we analyze how messages are 
used in interoperation. 

In section 7.5 Communication and coordination in a work practice, we analyze the 
coordinating function of messages and other coordination mechanisms used in work 
practices. 

In order to have a successful communication and to be able to coordinate actions in 
interoperation, it is necessary to have a common ground between the participants. This 
notion is defined in section 7.6 Common ground for interoperation. 

Interoperation using an information infrastructure implies a mediated communication 
setting which is different from face-to-face communication. How this setting will 
influence the means and mode of communication for interoperation are analyzed in section 
7.8 Communication settings for interoperation. 

Quality of communication is essential for interoperability. In section 7.9 Actability of 
information systems for interoperation and communication quality, communication 
quality criteria for communicative action and ability to act using information systems are 
described. 



 

 
 

Context of interoperation and interoperability 

The concept of interoperability is elaborated and defined in section 7.10 Definition of 
interoperability. These definitions are basic concepts used in the theory on interoperation 
and interoperability presented in chapter 9. 

7.1 Interoperation and interoperability - 
initial analysis 

In this section, we will make an initial analysis of interoperation and its context. This 
context will be further developed in the coming sections and finally be synthesized into a 
definition of interoperability in section 7.10 Definition of interoperability. 

Concept of interoperation 
A linguistic analysis [13] of the concept interoperability gives that interoperability is a 
noun derived from the verb ‘interoperate’ and the adjective ‘interoperable’. 

Interoperability is here viewed as a capability to interoperate. 

Collins English Dictionary [232] defines “inter” with two meanings: between and 
together, mutual/reciprocal. “Operate” comes from the Latin word ‘operāri’ which means 
‘to work’. Collins English Dictionary has mainly two meanings of operate: perform or 
control work. From this, we suggest that: 

“to interoperate is to mutually perform and control work between actors” 

Here, we assumed that work is made by actors “interworking”.  

Interoperate can be seen as part of a work practice. A ‘practice’ in social theory is defined 

as: 

 “… embodied, materially mediated arrays of human activity centrally organized around 
shared practical understanding.” [67] (our emphasis) 

In work practice theory, which focuses on work and not just any social practice, actions 
by producers for a client are central. Thus, work is about actions, both material and 
communication actions. [233] 

Thus, to interoperate means that actors mutually perform and control actions within a 
practice which is organized around a shared practical understanding. 

To “mutually ... control actions” is very similar to a definition of coordination: 

“Coordination is managing dependencies between activities.” [234] 

On coordination, see further subsection 7.5 Communication and coordination in a work 
practice. 

 



 
 

Thus, we can reformulate our definition as: 

“to interoperate means that actors mutually perform and coordinate actions within a 

work practice which is organized around a shared practical understanding.” 

It is possible to view ‘interoperate’ as an ad-hoc activity, done for the moment, 
occasionally. Here, we focus on interoperation in a planned and controlled context. [57]. 

Interoperation is a noun that denotes a controlled and repeated sequence of actions over 
time. Interoperation is a process of controlled and repeated sequence of mutual actions. 

Interoperation is here assumed to take place in a communicative setting that is mediated, 
prescriptive and non-personal. See further section 7.8 Communication settings for 
interoperation for a definition of this setting. 

Interoperation is using an information infrastructure (see section 2.1.8 From technical to 
a broader view on interoperability for a definition) as an instrument for communication. 

In the following sections, we will elaborate further on the various aspects of this context 
of interoperation. 

7.2 Information systems and information 
infrastructure 

In this thesis, information systems are viewed as vehicles for communication and social 
action. Information systems are formal linguistic systems used to communicate between 
people to support their actions. 

Goldkuhl and Ågerfalk define an information system as: 

“a technically implemented social system consisting of an action potential (a repertoire 

of actions and a vocabulary), a memory of earlier actions and action prerequisites, and 
actions performed interactively by the user and the system and/or automatically by the 
system.” [235] 

This definition and the view that an information system’s fundamental function is to be 
an instrument for communication and action, we think is the most appropriate to 
understand the role of information systems in interoperation. 

Particularly, we note (see further 7.9) that the notion of actability of information systems 
suited well our view that information systems were essentially an instrument for 
communication and action between actors. Goldkuhl defined information systems 
actability as: 

“ … an information system’s ability to perform actions, and to permit, promote and 
facilitate the performance of actions by users, both through the system and based on 
information from the system, in some business context.” [236] 
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However, information systems have traditionally been considered as mainly intra-
organizational systems, as applications within organizations. This can be illustrated by a 
quotation from Frisco (Framework of Information System Concepts)122:  

”Information systems exist exclusively within organizations, to support their work, and 
to fulfill their information and communication requirements. To understand information 
systems, we therefore need to understand organizations, what they are, how they work, 
what their components are, and what their structure and behavior is. Thus, we will borrow 
from organization science. Organizations can be viewed as systems, organizational 
systems. In this view, information systems are specific sub-systems of organizational 
systems.” [237] (our emphasis) 

This traditional intra-organizational perspective on information systems, labeled 
organizational informatics by Beynon-Davies et al [238], is different from the context of 
interoperation between organizations. 

Thus, the use of the term information system may vary depending on the context. In this 
chapter, we use it in a generic sense when analyzing what an information system is in 
relation to actors in a business context with an inter-organizational focus. 

The generic use of the term information system is useful when we want to talk about the 
phenomena in a general sense and analyze for example how actors use and relate to an 
information system and how it is related to a social system like a work practice or business. 
In using the concept of information system in a generic sense, we can benefit from general 
theories about information systems to understand the phenomena we are studying. 

Traditionally, information systems are often viewed as applications [60] to support a 
specific business function, such as payroll, inventory, or supply chain system. Thus, it has 
a certain function for a specific community of users. 

In the section 2.1.8 From technical to a broader view on interoperability, we introduced 
the notion of an information infrastructure as an essential infrastructure for interoperation. 
We referred to a definition by Hanseth and Lyytinen of an information infrastructure as: 

“ … a shared, open (and unbounded), heterogeneous and evolving socio-technical system 
(which we call installed base) consisting of a set of IT capabilities and their user, 
operations and design communities.” [60] 

Hanseth and Lyytinen makes a distinction between information systems viewed 
traditionally as a kind of application with a certain business function and information 
infrastructure that does not have a specific function, at least does not serve specific 
organizational tasks. 

                                              
122 FRISCO was an initiative from International Federation for Information Processing (IFIP) to 

standardize the concepts used in the subject field of Information Systems. 



 
 

The aim of Hanseth and Lyytinen is to contrast a traditional view of information systems 
as controlled applications with clear organizational tasks with an information 
infrastructure that is much more open, evolving, and heterogeneous crossing 
organizational borders. 

While we recognize these contrasts, we prefer to see it as a continuum. At one end, we 
have a universal information infrastructure such as internet and, at the other end, we have 
applications within an organization with their own internal information infrastructure. In 
fact, there is no medium or large enterprise today that do not have an internal information 
infrastructure that are connected to the outside world in many complex ways. This is in 
line with the classification of infrastructure made by Hanseth and Lyytinen: Universal, 
Business sector, and Corporate infrastructure. 

Another argument to view information systems as a continuum is that complex 
information infrastructures evolve from the need to share work and therefore interconnect 
and share information system resources, often among a limited community of actors. This 
was the case with the evolution of internet and it is confirmed by the experience of the 
evolution of an information infrastructure in implementing ePrescribing in Sweden (see 
case study 4 Implementing ePrescribing in Sweden – case study). Initially, there evolved 
certain so called inter-organizational information systems123 that focused on the 
interoperation of a specific process, in the beginning, the transfer of ePrescriptions from 
the local prescriber to the local pharmacy. This process had specific business functions 
that were shared between the actors. However, with the evolution of other resources and 
processes linked to this process, a whole infrastructure for ePrescribing linking the medical 
and pharmaceutical care evolved. Thus, the scope, objective, community, and practice 
evolved over time, from a simple end-to-end transfer of prescriptions, to become a more 
general-purpose information infrastructure within and between business sectors. 

In the definition above by Hanseth and Lyytinen, the installed base “consist of a set of 
IT-capabilities and their user, operations and design communities”. A set of IT capabilities 
are viewed as applications with a certain purpose, a view close to what traditionally have 
been named information systems, or applications. Hanseth and Lyytinen define IT 
capabilities as “the possibility and/or right of the user or a user community to perform a 

set of actions on a computational object or process” [82]. 

Thus, within an information infrastructure there exist traditional information systems or 
applications that are part of the shared resources in a community. The information 
infrastructure continuously evolves in planned or unexpected ways; it is heterogeneous in 
the sense that it contains various types of components such as technical, organizational, 

                                              
123 Already in 1982, Barret and Konsynski [239] forecasted that new networking technologies and system 

development techniques would change the internal focus to more frequently involve the external interface. 
They defined Inter-Organizational Information Sharing System as a ”general term referring to systems that 
involve resources shared between two or more organizations.”  
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and institutional components. They are, to various degrees, open in the sense that they are 
based on standards (vertical and/or horizontal) enabling different actors to be integrated. 

We use the term information infrastructure to refer to a context of use of information 
systems. This context of use is characterized by sharing and interconnection of systems 
and practices in complex ways, among organizations, within or between private/public 
sectors or in the society at large. Furthermore, an information infrastructure evolves out of 
the needs to share and interconnect information systems for interoperation. Thus, this 
notion suits well our studied phenomena which is interoperation between organizations, 
within or between sectors, using shared information systems interconnected in a complex 
pattern and which evolve over time. 

With this notion, we are able to integrate and discuss research studying the evolution of 
information infrastructures in order to better understand how they evolve and conditions 
for their evolution. See section 2.1.8 for a description of the relation between information 
infrastructure and interoperability. 

We have also used the term information infrastructure to better understand its evolution 
for ePrescribing over time. The evolution of an information infrastructure is essential for 
the evolution of interoperation and interoperability. 

7.3 Theories of meaning and views on 
interoperation and interoperability  

Semantic interoperability is considered an important research field in order to achieve 
interoperability in eGovernment and Health care [5, 14, 240]. With this background, one 
would expect a vivid discussion on basic theoretical issues regarding meaning theories and 
the context of communication. However, this is seldom the case. Underlying theories or 
assumptions are instead implicit or not argued in scientific papers. 

We have earlier stated that to understand interoperability, we must first define the context 
of interoperation. In our view, interoperation is made in a work practice context of 
interworking among actors of different organizations using information infrastructures. 
Thus, theories on semantic interoperability must deal with communication between 
systems and people. Theories about communication and meaning theories are therefore of 
prime importance, if one is going to understand the context of interoperation and thus of 
interoperability. 

Another observation is that an implicit assumption of a theory of communication or 
meaning is likely to influence how to view interoperation and interoperability problems. 

This section aims at describing how theories on meaning influence how to view 
interoperation and interoperability. We conclude the section by discussing their influence 
on the use of terminologies and semantic interoperability. 



 
 

 Approaches to theories on meaning  
To grasp different approaches in such an extensive research area as theories on meaning, 
we have chosen to depart from a characterization made by a well-known theoretician on 
human communication. In an essay from 1988 [241], Habermas discusses three different 
approaches in a theory on meaning: Formal semantics, Intentionalism, and Use theories 
of meaning. 

As a reference point to discuss these approaches he refer to Bühler [242] and his organon 
model of language. In Bühler’s model, language has three semantic functions: 

- expressing the intention of the speaker; 

- representing objects and state of affairs; 

- establishing relations between the sender and receiver. 

 

 

Figure 39 Bühler’s schema of semantic functions of language (Re-drawn based on the original figure in 
[242]). 
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In the models (Figure 39 and Figure 40), the Sign (S) have three functions: 

• symbol in its coordination to objects and state of affairs (representation); 
• symptom on its role to express inner states of the sender (expression); 
• signal in its role of making an appeal to the hearer “whose inner and outer 

behavior it directs …” [242] (appeal). 

 

 

Figure 40 Various functions of the complex Sign according to Bühler with additions of dotted lines to 
emphasize the joint attention of the actors in the communication. We added the dotted lines of joint 
attention proposed by Sinha [243]. 

Joint attention, which is added in Figure 40 (as dotted lines) is basic in all human 
communication, and is important in establishing a shared reference in a communicative 
situation. Joint attention is an interaction between at least two individuals coordinating 
their attention to an object of mutual interest [244]. 

For Bühler meaning emerged from an integration of symbolic and encyclopedic 
knowledge [245], foregoing the idea in cognitive linguistics [203] [243] [245] [246] that 
knowledge of language is not a specific faculty of mind but is part of the overall cognitive 
abilities of man, pre-figuring the critique of Chomsky’s view that knowledge of language 

is autonomous from other cognitive functions. 

After presenting Bühler’s model, Habermas [241] describes how the different theories’ 

of meaning have evolved with a focus primarily on one semantic function of the language 
while largely ignoring the other aspects: 

Formal semantics focus on the grammatical form of a linguistic expression. Language is 
seen as independent of speaking subjects. The intentions and cognition of the language 
actors or actual language use are of secondary importance. A theory of meaning is based 
on a correspondence between the linguistics expression and the external world 
independent of the actors. Meaning is based on conventions by language users.  

Speaker Addressee

Symptom
Sign

Signal

Objects and state of affairs

Symbol



 
 

Intentionalism uses signs as a vehicle (tool) for communicating the belief or intention of 
the speaker to the addressee. 

Use theories of meaning focus on the action character of meaning, which is in the use of 
language, not something defined outside of language use and the actors.  

Habermas concludes that each of the three theories favors one aspect of the process of 
reaching an understanding: 

“They seek to explain the meaning of a linguistic expression from the perspective of 
what is meant (as intended meaning), or from the perspective what is said (as literal 
meaning), or from the perspective of use (as utterance meaning).”[241] 

Then, Habermas presents a forth approach using speech acts that take into consideration 
the three functions of language in Bühler’s model. We will not deal with this here further. 

See Eriksson [247] for comparison of Searle’s and Habermas’ versions of speech act 
theory and a presentation of a generic communication model. It is clear that Habermas 
sees language as a means to represent, communicate, and act. 

The three approaches to meaning presented by Habermas will be one reference point 
when discussing approaches to meaning that follows. 

Selection of meaning theories 
There are many meaning theories. Here, we give some reasons why we have chosen some 
of them for discussion on different approaches to meaning. 

An old tradition which explicitly dealt with meaning is semiotics with origins in the 
history of philosophy. Semiotics is the study of the role of signs and symbols in human 
communication. Umberto Eco [248] claims that it has ancient roots in philosophy as far 
back as Aristotle and Plato. At the turn of the 19th century, it became a discipline of its 
own with the advance by for example Pierce´s more elaborated analysis of the sign. We 
will review some representatives of semiotics that are well known in teaching on 
informatics such as Ogden & Richards and some views on semiotics from the tradition of 
the pragmatism philosophy, which have an influence on information systems research. 
This will be presented under the heading of Semiotics. 

The other main influence to meaning theories in the 20th century comes from the 
philosophy of language. 

One tradition is what Recanati [249] call ideal language philosophy with prominent 
figures such as Frege, Russell, and Carnap. First of all, they were concerned with formal 
languages and not directly concerned with natural languages. Later in the 1960s, there 
were efforts in this tradition to use formal languages to study natural languages. With 
Montague, there was a breakthrough for what would later have become formal semantics. 
Another important figure close to formal semantics is Chomsky which in the end of 1950s 
focused on the formal study of grammar in contrast to the prevailing descriptive approach. 
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This tradition of formal treatment of natural language and semantics is still dominant 
within linguistics and in the research field of interoperability, particularly in computer 
science. This tradition will be presented under the heading of Formal semantics and its 
critics. As the title indicate, many of those working with formal semantics in the 60s also 
began to criticize the foundation of formal semantics and the generative grammar of 
Chomsky. This have been coined ‘The Linguistic War” by Harris [250] which essentially 
was a “war” within this tradition about the relation between syntax and semantics. Later, 
Lakoff and others have formed new research branches such as cognitive linguistics, 
breaking with the tradition of formal semantics inspired by psychological and other 
philosophy of languages theories. 

Another important tradition within philosophy of language is the ordinary language 
philosophy. This tradition was a reaction to the ideal language philosophy, which approach 
they thought hide important features of natural language. They proposed to focus on the 
ordinary use of language. Prominent figures in this tradition are the late Wittgenstein, 
Austin, and later in the 60s, Searle. This tradition has an importance influence in linguistics 
and psychology as well as in informatics, through the Language Action Perspective on 
information systems. This stream of thought will be dealt with under the heading Doing 
things with words – speech acts. 

Semiotics 
Semiotics is an important field when discussing semantic theories of language. According 
to Peirce semiotics is “the analytical study of the essential condition to which all sign are 
subject,” (Quoted in [251]). 

We will present and discuss briefly views on meaning by Ogden and Richards, and of 
Pierce, Dewey, and Morris, and particularly the latter’s separation of semantics and 
pragmatics, which have had great influence within linguistics, but also on theoretical 
underpinnings of theories on semantic interoperability. 

The Meaning of Meaning - Ogden/Richards 
Ogden and Richards published in 1923 their famous work The Meaning of Meaning (MM). 
[252] They introduced three concepts, Thought, Referent, and Symbol and analyzed their 
relations in a diagram which has been called the ‘Semiotic triangle’, which is taught in any 
course in information systems (see below). 

Ogden and Richards studied first of all language and symbols in their role of influence 
on thought, as an instrument for the communication of thoughts and ideas. [252] 

They warn against the common belief that word means anything by themselves and 
empathizes the role of words as instruments and it is only, 

“… when a thinker makes use of them that they stand for anything, or, in one sense, have 

‘meaning’. They are instruments.” [252] 



 
 

The study of meaning by Ogden and Richards is focused on the referential aspect of 
meaning. 

 

Figure 41 Ogden’s and Richards semiotic triangle redrawn from MM [252]. 

Between Thought and the Referent, there are several relations with are linked both to 
what a statement refers to in terms what the speaker has in mind and potentially what the 
hearer has in mind when interpreting the statement. This relation by Ogden and Richards 
can be viewed as a sign of an intentionalism point of view, focus on ‘meaning in the head’. 

Between Symbol and Referent, there exists no direct relation, “which consist in its being 

used by someone to stand for a referent.” (our emphasis [252]) 

The relation between Symbol and Referent is obviously an assignment of a social nature, 
not something objective outside the relation between the speaker and the hearer. This is 
close to Bühler’s semantic function of the sign as a symbol in reference to objects and state 
of affairs, its referential function. 

Finally, the relation between Thought and Symbol, the statement symbolizes in a correct 
way the thought or reference of the speaker. Thus, it is close to Bühler’s semantic function 

of the sign as a symptom expressing the intention of the speaker. 

The communication process is implicit in the triangle, as opposed to Bühler’s model of 

three semantic functions of language, where sender and receiver are explicit. Their main 
focus with using the triangle as an instrument for analysis is to analyze the representational 
aspect of language. The triangle is presented in the chapter called ‘Thoughts, Words and 

Things’. 
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It is clear, if one reads the explanation of the triangle by Ogden and Richard, that it does 
not imply static dyadic relations between the three corners in triangle of thought, symbol 
and referent, but rather dynamic interdependent relations between them in relation to a 
statement or utterance of a speaker to a hearer, using language to communicate thought 
and ideas. [252] 

In the same vein as the ‘cognitivist’ approaches, one can say that the approach of Ogden 
& Richard, in their focus on communication of thoughts, is close to the intentionalism 
approach described by Habermas above. 

Meaning and pragmatism 
C. S. Peirce is considered as the founder of semiotics [251] as well one of the founders 
of the philosophical school of pragmatism together with William James. Peirce theory of 
signs influenced Ogden and Richards in their work to publish MM, in which they 
published a comprehensible account of Peirce work as an appendix (appendix D §6).  

Pierces theory of sign is rather complex124. We will here only describe in brief some 
basic tenets of his theory of signs. We will then critically, basing ourselves on Dewey, 
discuss a famous interpretation by Charles William Morris in his Foundations of the 
Theory of signs, in which Morris makes a distinction between semantics and pragmatics, 
claiming that he builds on Peirce semiotics. 

A sign according to Peirce has not just a relation to what it represents or refers to but 
also a relation to an interpretant or a system of interpretants. 

We can briefly summarize the triadic relation of Sign, Object (or designatum), and 
Interpretant in a diagram. 

Figure 42 Pierce triadic relation of sign, designatum and interpretant. 

A sign refers to a designatum and produces an effect in the interpreter which is the 
interpretant. 

                                              
124 In appendix D of MM, Ogden & Richards writes: ”Unfortunately his terminology was so formidable 

that few have been willing to devote time to its mastery, and the work was never completed.” 



 
 

“… the relation among sign, object and interpretant is triadic and cannot be reduced to a 

set of combination of dyadic ones.” [251] 

Thus, meaning is not a static or a dyadic relation, where a sign map to an existing 
meaning but is something that emerges out of interplay between sign, interpretant and 
designatum, which is a similar view as held by Ogden and Richard (see above). 

In Morris version of Peirce semiotic triangle, the interpretant is replaced with an 
interpreter. Then the triadic relation is parceled out in three dyadic dimensions, semantic, 
the relation between the sign and designatum, syntactic is the relation of signs to one 
another, and pragmatic is the relation of the sign and the interpreter.  

Already in 1946 Dewey [253] – another important figure of the philosophy of 
pragmatism - could see what would be the result of Morris substitution of the interpretant 
with the interpreter. Dewey criticizes Morris to tear apart the integrated solution provided 
by Peirce, arguing that Morris reduces semantics to one dyadic relation. [205] 

The separation of semantics and pragmatics have influenced linguistics and semiotics to 
a large extent. One of them is that the formal analysis of language became separated from 
the empirical knowledge how language actually was learnt and used and also from any 
notion of cognition. The separation of pragmatics and semantics and where to draw the 
boundary is debated [254, 255] and questioned by scholars. [256] 

The social aspect of meaning is more elaborated by for example Dewey, Mead and the 
late Wittgenstein. 

For Dewey, language is used as an instrument for a concerted action for a given end. 
Language is seen as a function of human association, where communication through 
language is part of establishing cooperation between actors in an activity. Understanding 
involves to anticipate together, making joint references and partake in action. Failure to 
understand means a failure to agree in action and to misunderstand is to do actions which 
have cross purposes. [257] 

This view by Dewey has relevance for interoperability. Interoperation is not first of all 
for understanding each other, to communicate thought and ideas in themselves, but to 
communicate in order to act. For Dewey meaning and understanding is intimately linked 
to action and semantics cannot be separated from action, and thus semantics cannot be 
singled out from its use by the participants in a communication situation. 

Formal semantics and its critics 
Among researches and policymakers on interoperability and particularly regarding the 
term semantic interoperability, there is a dominant view of semantics close to formal 
semantics (c.f. ISO [51], HL7 [52]). This view sees semantics as something more or less 
detached from sender and the receiver. Meanings is formal, objective and is based on truth 
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conditional semantics which view the meaning of a sentence as the conditions under which 
it is true. 

Ordinary language philosophers did not accept that the meaning of a word could exist in 
a vacuum, out of the context of use. Although, there are not many explicitly defending 
the position today, that meaning can be studied outside of context of use, it still prevails 
in the separation in linguistics between semantics as the formal study of meaning and 
truth conditions and pragmatics as the study of language in use. This can also be found 
in the assumed contrast and separation between literal meaning and speakers meaning 
[249]. See also above on the separation made by Morris in the subsection Semiotics. 

Another implication of formal semantics is that human thought could be studied by 
analyzing natural language using formal languages. There is little need for empirical 
studies of how human learns and acquires a language, how concepts are formed and used, 
and how ordinary language is actually used. Introspection and formal analysis of language 
with focus on syntax tend to be the dominant method of analysis [112] [258]. This has led 
to a separation between a formal study of language and an empirical study of language use 
and acquisition. 

Doing things with words – speech acts 
Another influential line of thought which have bearing on meaning in human 
communication is the theory of speech acts which emphasizes that language is not only 
about describing the world or of communicating ideas, but also about doing things with 
words. This school of thought emanates from the philosophy of language and the work by 
the late Wittgenstein and the school of ‘Ordinary- Language Philosophy” at Oxford (Ryle, 
Austin, Grice). 

In his first lectures in his famous ‘How to do things with words’, Austin declares:  

“It was for too long the assumption of philosophers that the business of a ‘statement’ can 

only be to ‘describe’ some state of affairs, or to ‘state some fact’, which it must do either 

truly or falsely.” [259] 

He first shows that there are utterances, what he calls performative utterances that are 
neither true nor false but rather ‘happy’ and ‘unhappy’, i.e. they succeed or do not succeed. 

This was a critique of the dominant standpoint that meaning is the condition under which 
it is true. 

However, the most fundamental contribution Austin makes is that when one speaks, one 
is always doing something, when uttering, we are always doing speech acts. Austin 
distinguished between locutionary act, i.e. “uttering a certain sentence, with a certain sense 
and reference”, illocutionary acts, “which have a certain (conventional) force”, and 
perlocutionary acts, “what we bring about or achieve by saying something”. [259] 

Searle [227] develop the ideas of Austin. The illocutionary act is the unit of meaning in 
communication. When making an utterance, the speaker has an intention to utter, and a 



 
 

communication intention. Searle makes a distinction between speaker’s meaning and 
sentence or word meaning, where sentence meaning is conventional intentions of words 
and sentences and speakers meaning are the intention speakers put into the words and 
sentences used in a particular speech situation. For Searle, the speaker’s intention and 
meaning is the primary form of linguistic meaning. Meaning for Searle is derived 
intentionality. Meaningful utterances in the form of words, sentences, and symbols have 
thus a derived intentionality of speakers thought. [260] 

The communication intention of the speaker towards the hearer is to make the hearer 
understand what the speaker is stating. Understanding is thus grasping meaning, 
recognizing speaker’s intentions. Understanding is not considered a perlocutionary act, 
which is the effect and consequences it has for the hearer, such as doing something, get 
convinced, et cetera. Understanding the utterance is called illocutionary effect [227]. Clark 
[261] makes a critique of Searle, by not emphasizing the role of the hearer and its 
importance in shaping meaning. This aspect will be discussed in the coming section. 

 What is intended, said and its use – summing 
up on perspectives on meaning 

In this section, we summarize our brief review of language and semantic theories. We will 
return to our initial starting point using Habermas’ categorization and suggest how you 
can position theories within these categories. 

Above we referred to Habermas [241] who categorized different approaches to meaning 
as: 

• intentional – meaning is primarily a matter of speaker’s meaning and intention; 
• formal semantics – meaning can be studied separate from speaker and hearer, by 

studying the formal structure of sentences. Meaning is seen a truth condition between 
word and world; 

• meaning is in the use – meaning can only be understood by studying the use of 
language by the participants in communication. 

Briefly, one can say that the intentional approach is close to a psychological view of 
meaning, where meaning first of all is individual. Meaning is not something objective in 
the sense of true or false. Meaning cannot be studied by studying the language per se, but 
must also include the process of sensation, perception and conceptualization. 

Although the research field cognitive linguistics does not have a one-sided view of 
meaning as only a cognitive process, a relation between world and mental structures (or 
rather between language and mental structures); their point of departure tends to be 
“cognitivistic” as Peter Gärdenfors [262] puts it. See also the view of Sinha [263] and 
others within cognitive linguistics who warn against this “cognitivistic” one-sidedness of 
meaning and promote to also view meaning from a social and action perspective. 



 

 
 

Context of interoperation and interoperability 

The new “turn“ in linguistics like cognitive linguistics and neuro linguistics contribute 
with new insights about meaning construction which before had been passed to the 
background in linguistics and philosophy of language. Its empirical approach, to study 
actual language use and acquisition in contrast to the approach of formal semantics, have 
given new insights into the use of language. Thus, there are attempts to bridge the gap 
between a cognitive view on meaning and meaning as intersubjective and part of social 
action. 

Formal semantics, which is an important research field within linguistics, has developed 
its approach to language, incorporating methods to cope with more complex formal 
language structures. The benefits of formal semantics are its insistence to stretch as much 
as possible the formal treatment of language. However, its focus on truth conditional 
semantics and reference to “object in the world” detached from the performed speech acts 

and its social context, limits its capability to handle the actual communication situation. 
The formal treatment of language and representation of conceptual structures makes 
important contributions to understand conditions for interoperability. However, it is too 
limited to understand the real complexity of the communication situation in the 
interoperation between human actors using information infrastructures. 

The meaning as use approach is associated with the late Wittgenstein as the most 
prominent figure. Wittgenstein developed his approach in critique of his earlier approach 
in formal semantics. This may have influenced him put to the background the question of 
reference. His notion such as family resemblance and language games have important 
consequences also for a seemingly distant field as interoperability by showing the 
difficulty of creating exact definition of concepts and the limits of the applicability of 
vocabularies, limited to different language games. The empirical study of actual language 
use, inspired by Wittgenstein and others, on concept formation such as prototype theory, 
base level categories, et cetera. [264] have made important contributions.  

In meaning as use approach one can also include Dewey, Mead and Symbolic 
interactionism by Blumer, inspired by Mead´s “social psychology”. For Dewey, language 
and meaning is inconceivable outside a social context. For Mead, the construction of the 
“self” is a social process and therefore is “individual meaning” at the same time social 
meaning. For Blumer meaning arises in the process of interaction between people. It is 
clear that the social aspect and particularly the primacy of common action is the starting 
point for pragmatism and symbolic interactionism. 

One implication of this is that it is important to avoid an ‘objectivist’ approach to 
meaning as something outside the participants or a ‘subjectivist” approach seeing meaning 

as individual, subjective and only in the “head”, and a pure ‘contextualist’ approach which 
see meaning as only dependent on the context. 

Thus, our approach is to view meaning as a joint construction involving both cognitive 
and social processes, as well as conventional and institutional meaning and common 
knowledge, which determine and influence each other. 



 
 

 

 Meaning theories and their implications on 
interoperability 

We have argued for the need to consider the context of interoperation to better understand 
interoperability. Consequently, we think it is necessary to consider the context of shaping 
meaning as essential in understanding interoperation and interoperability. 

One can contrast two views on meaning, one ‘objective’ and outside the communication 

situation minimizing the influence of the context and the other emphasizing the context 
for meaning construction. The first view is what Recanati [265] calls ‘literalism’ and the 

second ‘contextualism’. 

In this section, we will contrast these views on meaning and discuss their influence on 
how to view interoperability. 

We will first discuss their influence on how to regard semantics of terminologies and 
then the concept of semantic interoperability. 

Semantics of terminologies 
Agreeing on the terminology to be used in the communication between different parties 
is considered an important part of the capability to interoperate. Thus, we will here 
discuss the implication of semantic theories on the semantics of terminologies. See also 
section 2.3.3 and the subsection on standardized vocabularies, which discuss different 
approaches in terminology research. 

The first line of thought (see above), seeing meaning as something objective outside the 
context of the communication situation, tend to emphasize that is the task of experts to 
define the meaning of a vocabulary, defining dictionaries, domain ontologies, instructions, 
et cetera. After this work of standardization, the defined meaning of words is ready to be 
used. This is what Gärdenfors [113] calls an oligarchical linguistic power structure for 
social meaning. This approach focus on ‘literal’ or ‘linguistic’ meaning separated from the 
use and user of the terminology. The use of terminology in a particular situation for a 
particular purpose is in this view regarded as ‘pragmatics’ and has nothing or little to do 
with meaning or semantics. From this point of view, it is also feasible to use the defined 
vocabularies and make them machine readable for computation and translation of 
vocabularies between different systems and applications. This tends to see semantics as 
contained in defined vocabularies for a domain or in the mapping between domains, 
encoded in a formal language. 

Thus, the problem of semantic interoperability can be approached as a problem of 
translating or ‘transporting’ meaning from one expression to another, using rules for 
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mapping data and some domain concepts that represent ‘true statements’ of a Universe of 
Discourse (UoD). 

The second line of thought leads to another approach. Although, it does not exclude the 
use of expert definitions of vocabularies and formal languages, its emphasis is much more 
on the use, establishment and understanding of terminologies. Vocabularies and formal 
languages are instruments in the meaning construction, not containers of meaning. From 
this follows an understanding of the limits of lexicons, the difficulty of definitions, and the 
limits of the scope of applicability. Within terminology research there is an increased 
concern about how terms are actually used in various social and communicative contexts. 
[22, 110] The fact that meaning is changing and not fixed once for all implies that, with 
the use of information systems, meaning will change over time. Thus, meaning should also 
be studied from a diachronic (historical) point of view. [24] Consequently, the meaning in 
interoperation has to be established, maintained, and developed. 

Semantic interoperability 
We have in section 2.1 Interoperability concepts and frameworks discussed the concept 
of semantic interoperability. We will briefly return to this concept with a focus on different 
approaches to meaning and how it influences how to view interoperability. 

ISO makes a definition of semantic interoperability:  

“Semantic interoperability: the ability for information shared by systems to be 
understood at the level of formally defined domain concepts.” [51] 

This definition of semantics implies that there is a method to “understand” shared 

information by using formally defined domain concepts. This assumes that meaning could 
be expressed and “contained” in a formal language. 

In a similar way, HL7 Interoperability Work Group defines semantic interoperability as 
follows: 

“Semantic interoperability ensures that system A and system B understand the data in 

the same way. It allows computers to understand, interpret, and use data without 
ambiguity. This is specific to domain and context and usually involves the use of codes 
and identifiers.” [52]. 

On the other hand, other frameworks like the EIF (European Interoperability 
Framework) view semantic interoperability as ‘meaning’ and ’understanding’ by the 

‘communicating parties’.  

Viewing semantic interoperability as ISO and HL7 implies to equate semantics with 
some variety of formal semantics using formal models to define domain concepts and the 
mapping between different domains. Usually, the underlying theoretical assumptions on 
‘semantics’ in semantic interoperability are taken for granted. Largely, the formal 



 
 

approach to semantic interoperability is seen as the overriding approach to achieve 
interoperability. 

In this thesis, while we acknowledge the crucial role and importance of using standards, 
shared vocabularies, conceptual models for describing the terms and their relationships in 
a domain, and the use of formal languages to define the agreed exchange of data, we see 
these as instruments in shaping meaning. These formal models do not embody meaning in 
themselves. Rather, we focus on the use of formal languages as instruments for 
communication and action within a social context of a shared work practice. Thus, 
language, whether formal or natural, does not contain meaning separated from use and the 
participants, but get their meaning when used by participants for communication and 
action. 

Semantic interoperability and action in a work practice 
The formal approaches contribute with methods how to bridge different representations 
between systems. However, they do not address other aspects of interoperability such as 
the actual use of the information infrastructures and - most importantly - the context of 
interoperation in terms of a shared work practice and how to establish a shared common 
ground necessary for communication. The idea that it is possible to separate meaning from 
use and the context in which interoperation takes place tend to limit the view of 
interoperability problems to more formal and technical issues. 

7.4 Messages in the context of 
interoperation 

Messages created, transferred, transformed, and interpreted are essential in interoperation 
using information infrastructures. In fact, interoperation is orchestrated through 
communication acts in the form of messages. In this section, we analyze the role of 
messages in interoperation basing ourselves on section 7.3 Theories of meaning and views 
on interoperation and interoperability.  

We will start with placing messages into an overall context of information systems 
viewed as systems for actions. Then, we will discuss the relation between information and 
messages referring to Langefors’ insight that information is not contained in the message 
but is the product of an interpretation producing knowledge based on the life experience 
of the interpreter. We extend this insight, claiming that interoperation needs to be based 
on the shared knowledge and beliefs of the participants. Furthermore, in interoperation 
there are actions performed and coordinated. We support the claim of Goldkuhl and others 
that messages are not only about information and knowledge of facts but also about 
actions. 
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 Messages and information systems – and 
overview 

Within a language action perspective of information systems, a message can be viewed as 
an outcome of action but also an action in itself. 

 

Figure 43 Actions in relation to an information system from Goldkuhl [235]. 

An actor (see Figure 43) performs a communication act which result in a message in the 
information system according to the action repertoire of the information system. The actor 
is involved in an interactive action with the information system. The information system 
then performs automatic actions predefined in the information system based on the current 
state of affair in the information system and predefined processing rules. The automatic 
actions can be a response to an interactive action or an internal action of the information 
system. It can also be a transferring or making available a message to other actors, 
changing the state of affairs in the information system, or translating the message to 
another format. It can process and send a message to another information system in another 
organization, et cetera. 

The consequential actions are those actions taken by actors interpreting the message. To 
perceive and interpret a message is an action in itself. The consequential actions can be 
new action outside the system or action towards an information system. 

 Information is not contained in the messages 
or data 

In traditional information systems theory, messages are viewed as conveying information 
or containing information. Langefors, a pioneer in information systems research in 
Scandinavia, disputes the view held by most of the scholars at the time and even today, 
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that messages contain125 information based on his earlier experience in the 1960s, 
investigating data in information systems: 

“The first problem – the fundamental infological problem – amounted to the question of 
how data in a system can contain the right information? The answer was quite shocking – 
data do not contain information at all”. [267] 

Langefors developed his infological equation to express this insight: 

I = i(D, S, t) 

I denote information or knowledge produced in the user from the data D and pre-
knowledge S, by an interpretation process i, during the time t 126. 

S denote the total life-experience of the interpreter and from this Langefors makes the 
conclusion that it is impossible that every individual gains the same knowledge from the 
data. 

This view of information was a great advance at the time, when data processing was 
naturally the main focus, because it was situating the information system within the 
organization and relating to its users. This view of information systems however, mostly 
emphasized the role of information to make informed actions, to perform tasks in the 
organization or to make correct decision based on the information obtained. In relation to 
the figure above (Figure 43), these informed actions can be viewed as consequential 
action. 

Goldkuhl finds the stress in the infological equation on informed users asymmetric [269] 
as there is no explicit mentioning of the producer of the information.  

Based on this understanding, we propose to expand Langefors’ insight and add the role 
of a producer. In addition, we assume that in order to make the communication successful 
there must be not only a sharing of knowledge and beliefs, but also of communication 
intention127 with the communication act. Likewise, the intention of the interpreter is also 

                                              
125 Michael Reddy [266] showed how this erroneous view of communication is deeply embedded in the 

English language. See also Lakoff & Johnson, ‘Metaphors we live by’ [114] and Sinha´s critique of the 
‘conduit’ metaphor. [263] 

126 From Essays of Infology [267]. S is sometimes called receiving structure or semantic background in 
Theoretical Analysis of Information Systems [268] from 1966, where this equation first was published. 

127 With communication intention, we follow Searle: “Communication intention is the intention to 
produce in the hearer the knowledge of my meaning by getting him to recognize my intention to produce 
in him that knowledge.” [260] p. 145. Searle distinguish between individual and collective intentionality. 
Collective intentionality is according to Searle necessary when people are cooperating: “Whenever you 

have people cooperating, you have collective intentionality.” [260] p. 120. Collective intentionality is not 
the sum of individual intentionality but a shared intentionality necessary for cooperation. 
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an essential factor in interpreting the communication act. Furthermore, it should include 
an expressing phase as well as an interpretation phase. 

We propose a modified infological equation as follows:  

e-messageshared = e(D, Sproducer, Iproducer,t1) ∩ i(D, Suser, Iuser,t2) 

e-messageshared denote the elementary shared knowledge and intention between 
communicating parties as a function of e expressing the knowledge and belief Sproducer of 
a producer of the message, with a communication intention Iproducer, when acting at time t1 
which results in a message D and the intersection with the function of i which is the user 
interpreting the message D with the user knowledge and beliefs Suser, with a communication 
intention Iproducer at time t2 of interpretation. 

From this equation, meant for illustration, it is clear that if e-messageshared should not be 
an empty set, there must be a sharing of knowledge, belief and intentions which are 
relevant for understanding D, i.e. Sproducer intersection Suser should not be empty for 
understanding or expressing D: Sproducer ∩ Suser ≠ Ø. Also, Iproducer intersection Iuser should not 
be empty for understanding or expressing D: Iproducer ∩ Iuser ≠ Ø. With intersection, we here 
mean not a one to one overlap or correspondence but the degree to which the actors share 
knowledge and beliefs (S) and communication intention (I) enabling a mutual 
understanding of D. 

Note also that the equation implies that t1 <= t2, and most likely t1 < t2, in an asynchronous 
setting which is the typical case in interoperation between organizations. This is also 
complicated by the fact that the initial data often have been produced with another 
intention before mapped to a message which is communicated outside the organization, 
which means that there are additional pre-processes before producing D. For more on the 
common ground necessary for communication and various communication settings see 
section 7.6 and 7.8 respectively. 

 Communicating messages is also action and 
institutional facts 

Goldkuhl argues further that it is necessary to expand the e-message (or information 
element), which Langefors [267] defined as the knowledge of something elementary or 
simple about an identified object, with an action component. 

Thus, messages as instrument for understanding and action in interoperation. 

We have to take into account that a message also implies establishment of social 
relations. The type of actions linked to messages mediated by an information infrastructure 
can be analyzed using theories from Austin [259], Searle [208], Goldkuhl [269], Eriksson 
[247, 270], Ågerfalk [140], or Habermas [241, 271]. 



 
 

7.5 Communication and coordination in a 
work practice 

We have earlier in this thesis (see 2.2.2) used the notion of work practice as the context 
for interoperation. A work practice is a habitual recurring pattern of action to produce a 
certain result for a client. The aspects of interaction within and between work practices are 
of particular importance to understand interoperation. One important aspect of interaction 
is the coordination of activities. This coordination is made using communication acts. In 
this section, we will briefly describe how coordination can be viewed from a language 
action perspective, how coordination theory defines coordination, and how coordination 
and coordination mechanisms are viewed in organizational theory. 

 Coordination through communication acts 
Weigand et al [272] develops on the relation between communication and coordination 
within the Language Action Perspective (LAP). Communicative acts and language within 
LAP is seen as a coordination device. Referring to Habermas’ theory of communicative 
acts, they claim that there can be two kinds of communicative acts: conversational act that 
aim at creating a shared understanding and consensual acts that are instrumental actions. 

Conversational acts are formal or informal acts to create a shared understanding which 
is the basis for the consensual acts. Conversational act does not need a specific aim for a 
specific future action. Weigand et al [272] link this type of action as part of creating and 
maintaining the common ground (see 7.6 Common ground for interoperation). In this 
view, conversational acts support the development of a mutual understanding that is 
needed for the interpretation of the communicative acts. Consensual acts are seen as a 
“short-cut” version of communicative acts, where the shared understanding is already 
given. The two levels of communicative acts, the shared understanding (the ‘life world’ in 
Habermas’ terms) and the operational use of regulative language act are intertwined. What 
makes this distinction interesting is that it highlights the shared understanding that is the 
basis for communicative acts. In interoperation between organizations, it is essential to 
understand that this shared understanding is not something given but needs to be created 
and will evolve with changing circumstances. 

 Coordination and coordination mechanisms in 
a work practice 

If communicative acts are a coordination device how should we define coordination in a 
work practice context? 

Weigand et al [272] make two observation about coordination:  
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“(a) the rationale behind coordination is the existence of dependencies between activities 
or entities, and (b) the goal of coordination is to manage these dependencies in such a way 
that the activities become parts of a purposeful whole …” 

A similar definition of coordination is made by Malone and Crowston [273] : 

"the act of managing interdependencies between activities performed to achieve a goal." 

These definitions focus on coordination of activities to achieve a goal, presumably in a 
context of work within or between organizations. 

Weigand et al [272] make a review of coordination theory. From organizational theory, 
they identify a number of coordination mechanisms, which can be summarized as:  

• standardization of processes, outputs, and skills; 
• organized management of processes for situations which fall outside the 

standardized procedures; 
• mutual adjustments as a kind of horizontal coordination that complement both 

standardization and organized management of processes. It is informal and can be 
innovative, based on mutual understanding. 

Standardization is a means to control the behavior of different actors in terms of 
standardized procedures, outputs, and skills. It is a way to minimize the unstructured 
communication and lower the transaction cost [274] in communication. A strong 
standardization will provide efficiency in coordination but also decrease flexibility. This 
standardization of processes, outputs, and skills128 can be inscribed in the behavior of the 
information systems and the information infrastructure to various degrees (weak or strong) 
with a balance of automated or manual inscriptions. Standardization of output is a primary 
coordination mechanism in inter-organizational communication or in diversified 
organizations. 

Mintzberg describes the evolution of coordination mechanism: 

“As organizational work becomes more complicated, the favored means of coordination 
seems to shift, … from mutual adjustment to direct supervision to standardization, 

preferably of work processes, otherwise of outputs, or else of skills, finally reverting back 
to mutual adjustment.” [275] 

Many of the coordination mechanisms described here can be viewed as governance 
mechanisms and will be part of infrastructural condition in a shared work practice for 
interoperation. See 9.3.1 Shared work practice how this is integrated in the theory on 
interoperation and interoperability. See also 8.2 on governance mechanisms. 

                                              
128 Skills can be inscribed in the sense of demanding a certain level of professional authorization in order 

to do certain acts in the information system or work practice. 



 
 

 Communication acts and coordination 
mechanism 

To conclude this section, we make the observation that communication acts have a role to 
coordinate actions in a work practice. The prerequisite for this role is an established shared 
understanding between the participants in interoperation. Part of this shared understanding 
can be codified in coordination mechanisms of the work practice that can be invoked to 
coordinate actions. Part of it resides in memory and habits of the participants. 

7.6 Common ground for interoperation 
For successful communication and common actions, there need to be a common ground. 
According to Clark [261], a common ground is the sum of mutual and common beliefs, 
knowledge, and suppositions. The ability to share a common ground is fundamental for 
communication using language. 

In view of that, to interoperate, one is engaged in a joint activity with shared goals, 
beliefs, and suppositions. To interoperate with information systems means to use 
information systems as instruments for this joint activity. 

A common ground is something that is developed and accumulated. Clark distinguishes 
two types: communal common ground and personal common ground. 

Communal common ground is developed within a limited cultural community. Personal 
common ground is the shared experience of personal interactions. A professional 
community with a shared expertise may be regarded as a cultural community from a work 
practice perspective. Such communities know what is considered central information, and 
which information is mutually assumed to be shared in a community. In interoperation, 
we usually have an intersection of various professional communities that communicate in 
a shared a work practice. 

The ePrescribing process has mainly two kind of professional communities: 

• prescribers who are professionals (nurses, dentists and doctors) who work within 
the health care as care givers; 

• pharmacists who work at one end of the care giving process of outpatient care, 
delivering medical drugs for medical treatments. 

In this context, a shared common ground is knowledge about medical drugs, their 
composition, effects, and administration. 

Prescribers may be specialists or general practitioners; most pharmacists have general 
knowledge about medical drugs. Prescribers have knowledge of the diagnosis and 
treatments while pharmacist have general knowledge of medical drugs and their 
administration, compliance, drug-drug interaction (which usually span over specialties), 
delivery, and manufacturing. 
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Another shared knowledge between pharmacists and prescribers is about the prescription 
rules. They have also a partially shared experience of meeting the patient/customer 
although from different perspectives. 

One example of a recent discussion in the community of ePrescribing in Sweden, which 
relates to the evolution of common ground, is the use of ‘Obs!’ (similar to N.B.) in the 
prescription to notify the pharmacist that the prescribed dosage differs from standard daily 
dose and that is considered by the prescriber to be acceptable in the specific case. Now, 
the Medical Products Agency proposes to use ‘Obs!’ for all ‘off label’ prescriptions which 
have led to a debate in the journal, ‘Läkartidningen’ [276] of the Swedish Medical 
Association. 

One important communal common ground is the language community. First, the 
language spoken, whether native or foreign129, then the specialist language in a particular 
professional community. 

Another important part of common ground are shared procedures for joint action, from 
more simple ones for greetings, shaking hands, et cetera, to more complex script/schemas 
of behavior how to act in a restaurant, visiting a doctor at a hospital, or going to a 
pharmacy. These scripts/schemas are activated to simplify our daily activities, and are 
assumed to be shared by people in a community. We can assume that these types of scripts 
are also present in an organization using information systems. These shared procedures 
could be inscribed in the information infrastructure either as formalized and automatic 
behavior patterns or as weak inscription allowing a certain part to be manually encoded in 
work practice routines. See section 2.2.3 Features of information infrastructure. 

Departing from Clark´s view on common ground, Kecskes [278] put forward different 
properties of common ground in his socio-cognitive [279] view of communication. He 
distinguishes between core common ground and emergent common ground. The core 
common ground is the more static and general common knowledge in a certain speech 
community. This core common ground is established in earlier interactions and 
experiences. The emergent common ground is the more dynamic, actualized, and 
particularized knowledge that is constructed in the course of communication. Emergent 
common ground is not only new shared knowledge in the communication situation, it is 
also the use and modification of shared prior knowledge. Emergent common ground can 
contribute to core common ground and core common ground can contribute to (what is 
relevant and possible in the actual situation) the forming of the emergent common ground. 
Kecskes et al [280] underlines, in a critique of a static and taken for granted view of 
common ground, that it is a dynamic construct that is mutually constructed in the 
communicative process and that core and emergent properties of the common ground are 
interconnected and inseparable part of the same phenomena. 

                                              
129 See the issues that the project epSOS is facing regarding translation of prescription into different 

languages to make them interoperable within the Europe. [277] 



 
 

Kecskes [279] makes a critique of what he called the ideal abstraction of verbal 
communication, where communication is seen as an intention directed practice based on 
cooperation, represented by Clark [261] and others. Kecskes does not deny these aspects 
but think that they do not give an adequate account of the reality of communication. He 
underlines the chaotic nature of communication due to “egocentrism” which he claims is 
not antagonistic to cooperation. The pragmatic theories that have evolved inspired by 
Grice assume or emphasize according to Kecskes the role of a priori intentions. Instead 
meaning construction is seen by Kecskes as more of a trial and error process, where 
intentions not necessarily are there a priori, but a result of the communicative process. 
[281] 

In any case, there must be some a priori assumption of intentions, particularly in a 
structured and repeated communication situation. Thus, for our purpose, in the context of 
structured interoperation between organizations this critique is not a major objection. 
Instead, it emphasizes the need to work more with a priori intentions and core common 
ground, and pinpoints to problems in interoperation that occurs when intentions are not 
clearly stated and need to be worked out in practice. Thus, from a design and 
implementation perspective on interoperation, this indicate the need to establish common 
intentions and objectives to avoid or minimize these problems. In structured 
interoperation, there are few possibilities to use a trial and error process, even if this may 
characterize how things are initially done in practice before efforts are made to improve 
interoperability. 

Consequently, discrepancy of intentions and common ground due to the fact that 
communication is made by individuals with their own agenda and “egocentrism” can be 
viewed as a source of interoperability problems. Kecskes, referring to cognitive 
psychological experiments, claims that there is an overestimation by the speaker of the 
hearer’s ability to understand the speaker´s intentions. This can lead to an underestimation 
by the participants of the need to establish a common ground. What is evident by 
individuals in one organization is not at all evident in another organization using the same 
data, particularly when there are few efforts to establish a common ground. 

Thus, one of the merits of Kecskes’ socio-cognitive approach is that it focusses on 
aspects of the more negative side of communication such as breakdowns and 
misunderstandings and therefore in understanding why interoperability error occurs. 

For this reason, we think it is useful to adopt these properties of the common ground 
proposed by Kecskes in our model. These properties of the common ground show the 
complexity of communication in interoperation. One important challenge is then to 
establish the core common ground and make it effective in the whole community. This is 
so because each single communication act is carried out by individuals that has to produce 
and interpret communication acts so that they correctly lead to the intended actions. With 
a new phenomenon, such as ePrescription in the beginning of 2000 is was justified and 
wise to have an implementation model that engaged local prescribers and pharmacists. See 
chapter 4 Implementing ePrescribing in Sweden – case study. See also section 9.3.2 and 
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subsection Generic practice and local instance of practice, where this concern is included 
in our theory or shared work practices for interoperation. 

7.7 Communication acts and common 
ground 

In this section, we will outline a model of communication based on the theories described 
earlier in this chapter. The aim with this model is to illustrate various aspects of the 
communication process. 

 

 

Figure 44 Sign communication and communal common ground. 

In Figure 44, we have integrated Bühler’s [242] view on sign communication, with 
Sinha’s [263] view of joint intention and attention, and with Clark’s [261] and Kecskes’ 
[279] notion of common ground. 

For Bühler, a sign has three semantic functions: it is a symptom expressing the speaker’s 

inner states, a symbol with represents130 objects and state of affairs and a signal in the 
quality of its appeal to the hearer for the direction of its inner thoughts and behavior131. 

                                              
130 Bühler uses coordination instead of the now usual term represent. We have not investigated what 

Buhler possibly could have meant by this term coordination, which at a first glance give the impression of 
including an activity, not a mere passive correspondence. 

131 Note that in this model Bühler does not make explicit that the signaling in itself is a social act. The 
model illustrates the semantic functions according of Bühler, for whom a speech act is an act of speech – 
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The model shows a link between sign (here viewed as a communication act) in its 
representing function towards object and state of affairs. These objects and state of affairs 
could be represented in an information infrastructure, for example a state of a drug register, 
or a prescription register. Important part of these objects and state of affairs is the 
institutional objects in the shared information infrastructure. These objects and state of 
affairs have (for successful communication) a joint attention in the communication, for 
example, a specific prescription or a specific drug. 

In Figure 44, we have also integrated the notion of joint intention132. According to 
Tomasello et al [282] “… intention is a plan of action the organism chooses and commits 
itself to in the pursuit of a goal”.  

Thus, intentions are both means and goals. In our context, joint intention is the sharing 
or means (plan of action) to achieve a common goal. Joint intention helps to direct 
attention to relevant object and state of affairs. Joint attention and joint intention are 
essential in human communication and can be observed in empirical research of face to 
face communication. How these essential elements in human communication are 
expressed in another communicative setting which is not face to face, but mediated and 
asynchronous will be dealt in section 7.8 Communication settings for interoperation. 

The common ground in the model is the background on which the communication takes 
place. [278] 

The core communal common ground - is the common beliefs, knowledge and 
presuppositions in a community that have been build up historically (following Clark 
[261]) based on earlier interactions and experience. 

The emergent (following Kecskes [280]) communal common ground is the common 
ground that emerges for the actual communication, in the utterance situation, the 
situational context of the communication. 

This emergent common ground could for example be constructed using the assumption 
made by the pharmacist in interpretation of the ePrescription based on the core common 
ground and assumption about the intention by the prescriber based on the content of the 
ePrescription. 

The joint intention (whether assumed or communicated in the communication act) 
towards the communal common ground gives the situational context of the communication 
act.  

                                              
not in the sense of what later Austin [259] and Searle [227] would put is as a social act in itself. We have 
integrated this latter meaning of the speech act as a social act in itself in the model. 

132 Joint intention is similar to Searle’s notion of collective intentionally which he thinks is the basis for 

all social activity. [260] 
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The communal common ground must be established, will evolve over time, and is 
dynamic in relation to each communication situation. 

7.8 Communication settings for 
interoperation 

In this work, interoperation and interoperability are essentially seen as communication and 
capability to communicate using an information infrastructure for shared action in a work 
practice setting. Therefore, it is useful to analyze different settings for communication in 
order to situate interoperation. 

 Basic settings of communication 
In Herbert H. Clark´s book ‘Using language’ [261], some features of a setting for human 
communication, which he calls a basic setting, are presented. He argues that this basic 
setting has to be based on a face-to-face conversation, which is basic for all human 
communication (whether unspoken, spoken, or written), and from which all other settings 
derive, such as writing and in our case, we will argue for using information systems as an 
instrument and media for human linguistic communication. Thus, it is important to analyze 
in what ways deviations from this basic setting will influence conditions for 
communication. 

In Table 17 we describe the basic features of face-to face conversation. 

  



 
 

 

Table 17 Features of face-to-face conversation from ‘Using Language’ [261]. 

Co-presence The participants share the same physical environment 

Visibility The participants can see each other 

Audibility The participants can hear each other 

Instantaneity The participants perceive each other´s actions at no perceptible 
delay 

Evanescence The medium is evanescent – it fades quickly 

Recordlessness The participants action leaves no record or artifact 

Simultaneity The participants can produce and receive at once and 
simultaneously 

Extemporaneity The participants formulate and execute their actions 
extemporaneously, in real time 

Self-determination The participants determine for themselves what action to take 
when 

Self-expression The participants take actions as themselves 

 

 Interoperation in a mediated, non-personal, 
prescriptive setting 

What we consider next is a setting, where participants are using an information 
infrastructure (II) for structured, repeated communication, often asynchronous, and the 
language used is a formalized and restricted language, with a predefined repertoire of 
actions and messages, what Clark would call a prescriptive setting [261]. See also Ågerfalk 
[140] for referring to the prescriptive setting as adequate for information systems aimed 
for business action and communication. 

 

Feature Face-to-face communication 
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Table 18 Interoperation using information systems for structured, repeatable and organizational 
communication.133 

Co-presence Separate physical environment for communication immediacy 

Visibility The participants cannot see each other 

Audibility The participants cannot hear each other 

Instantaneity There is always some delay in communication 

Evanescence The medium is persistent medium 

Recordlessness The participant’s action always leaves records or 
artifacts 

Simultaneity Actions by participants are not made at the same 
time 

Extemporaneity Communications is not made in real time and more 
often asynchronous than synchronous 

control 

Self-determination Actions can only be taken from a set of predefined 
actions, following the affordance of the information 
infrastructure 

Self-expression Participants often act representing an organization 
or a role within that organization. Often a non-
personal setting. 

 

We have added three feature categories, immediacy, medium, and control, borrowed 
from Clark in Table 18. 

In the setting, there is no immediacy in the communication, there are no co-presence, 
visibility, audibility135, and there is always some delay in the communication. 

The medium is persistent; an action leaves records, and there are sequence of actions and 
no simultaneity of communication. 

                                              
133 This table coincided to be very similar to an analysis of Ågerfalk. [140] 

134 Information infrastructure 

135 We do not include voice or audio communication in the standard mode of communication in this 
setting. Usually, these modes of communication are used when there is a breakdown in communication 
that has to be solved, or when structured and formalized communication is not appropriate. 

Feature Interoperation using an II134 in a structured, 
repeatable organizational communication 

Feature 
Category 



 
 

The communication is most often more or less asynchronous. There is a set of predefined 
action that are allowed to be taken, afforded by the information infrastructure. The actors 
do not represent themselves but act with roles representing an organization, i.e. there is no 
interpersonal communication in the standard mode of communication. 

ePrescribing in a mediated, non-personal, and prescriptive 
setting 
We will here consider the process of ePrescribing from the point of view of the basic 
setting for communication. 

ePrescribing is a highly-regulated work practice where a prescriber as a representative 
of a care giver organization authorizes a pharmacist at a pharmacy to dispense a medical 
drug to a patient at the patient request. The message that is communicated is the electronic 
prescription which is created in the prescriber information system (EHR - Electronic 
Health Record system) and finally accessible for the pharmacist in the pharmacist 
dispensing system (through intermediary information services). See chapter 6 A practical 
theory on ePrescribing for a detailed account of the ePrescribing process. 

The prescriber is not addressing any particular pharmacist; the prescriber does not even 
need to address a particular pharmacy or a pharmacy chain. The prescription is usually 
addressed to the whole pharmacy market. This is termed non-personal setting by Clark in 
contrast to personal settings, which are typical for face-to-face conversation. [261] 

Regarding the feature category medium for communication there is a major difference 
from face to face communication, in that the medium is persistent and the actions always 
leave a record and that there is always a delay and thus order of actions presumed given 
certain preconditions. Thus, there is no immediacy of the communication. 

Regarding the feature category of control, there is a general technological trend from 
slow asynchronous towards more synchronous communication. But so far, not between 
the speaker and the addressee directly (even if this is desirable in the long term), but 
between the act of sending a message from the prescriber’s information system and 
receiving a message from the pharmacy information system in the process of acceptance 
and validation of ePrescription messages. 

The level of self-determination by the prescriber and the pharmacist is regulated by laws 
and by the rules and affordances given by the information infrastructure. 

Clark (ibid) also discuss what he called a mediated setting in which there is an 
intermediate process from the initial creation of a message to its final expression, including 
for example editing, translation, and publication. 

This is the case with using information infrastructure for interoperation. The original 
message is viewed in one way in the prescriber’s system when creating a prescription and 
is subsequently modified, processed and mapped into intermediate formats and then 
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presented to the addressee at the request of the non-personal addressee (having the 
permission to), which could be a selected and modified view and presented in another way 
compared how it was originally created. 

This fact introduces both flexibility in different uses and presentations, but also a source 
of communication errors if translation or presentation in some way alters or corrupts the 
original message or content, or is used in a non-intended way.  

To conclude, ePrescribing has a communicative setting that is mediated, non-personal 
and prescriptive. 

7.9 Actability of information systems for 
interoperation and communication 
quality 

In this section, we summarize two research contributions on communication quality 
criteria that have relevance for interoperability. 

The first contribution from Goldkuhl [206] is about quality criteria for actable 
information systems based on the Information Systems Actability Theory (ISAT). 

The second contribution is from Eriksson [283] which develops a theory of general 
communication quality criteria in the context of business interaction using information 
systems. 

The aim with this section is to provide examples of quality criteria that can be used to 
improve and evaluate interoperability. 

 Actability of information systems 
In this section, we briefly describe Information Systems Actability Theory (ISAT) [206] 
which we think useful in understanding quality of interoperation using information 
systems.  

ISAT considers an information system to comprise an instrument for technology-
mediated work communication. 

Goldkuhl define information systems actability: 

 “… as an information system’s ability to perform actions, and to permit, promote and 
facilitate the performance of actions by users, both through the system and based on 
information from the system, in some business context.” [236] 

Based on ISAT Goldkuhl has developed a number of quality criteria for actable 
information systems. These quality criteria are described using a layered model of 
interaction, communication, and process qualities. 



 
 

 

 

Figure 45 Layers of quality according to the Information Systems Actability Theory [206]. 

A sender interacts with an information system to communicate something to a receiver, 
which in turn interacts with an information system to read and interpret a message. 

Interaction quality criteria is about what the users are doing with the system. These 
interaction criteria are important to consider to improve interoperability: clear action 
repertoire, intelligible vocabulary, action transparency, clear feedback, amenability, and 
conceptual consistency. 

Communication quality136 criteria refer to the formulation and communication of 
messages by a sender, as well as the accessing and interpreting of messages by a receiver. 
The pragmatic duality of using information systems means that when interacting with an 
IT artifact, we are at the same time interacting with others [284].  

For the formulating phase, all of the defined criteria are highly relevant: satisfying 
communication needs, relevant communication demands, work practice memory addition, 
addressee relevant communication and addressee adapted communication. For the 
accessing and interpreting by the addressee, the criteria of clear and accessible work 
practice memory, information accuracy, actor clarity, and intention clarity are particularly 
relevant. 

                                              
136 Note that Communication quality criteria here is referring to criteria for the information systems that 

“permit, promote, and facilitate” communication acts, which will contribute to the quality of 
communication between the participant’s. We can call the first type of criteria information systems 
communication quality criteria. For communication quality criteria in a more general sense we refer to the 
next section 7.9.2. 
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Process quality is concerned with how the use of the information system affects the work 
practice. Process quality criteria refer to the requirement that the output from the system 
should be useful on behalf of its users. 

Actability of information systems can be expanded to encompass an information 
infrastructure used for interoperation. Thus, besides the actability of information systems 
within an organization we also consider the actability of the information infrastructure. 
Figure 46 illustrates this situation. Communication quality is dependent on interaction 
quality of several separate but interdependent information systems and on the quality of 
intermediate communication and support infrastructures. 

 

Figure 46 Actability of information systems in the context of inter-organizational interoperation. 

The conclusion is that the actability of information infrastructure will have an influence 
on the quality of communication in interoperation. The actability criteria described 
contributes with guidance how to evaluate and design information infrastructures for 
interoperation that facilitate quality of communication between participants in 
interoperation. 

In the next section, we will describe a contribution on what characterizes good quality 
of communication in a business process setting using information systems. 

 Communication quality 
Eriksson [283] develops on the importance of communication quality in the context of 
business processes and information systems. The basic idea is that communication quality 
depends on validity and mutual understanding based on social rules and convention. The 
concept of communication quality is theoretically grounded in speech act theory, 
Habermas’ theory of communicative action and in business action theory. This makes the 
contribution on communication quality criteria particularly interesting for interoperation 
using information systems. 

Communication quality can be summed up as follows: 

IS ISMessage

Work practice A Work practice B

Process quality

Communication
qualityInteraction

quality
Interaction
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• communicative actions are characterized by being: 
o comprehensible communication dependent on: 

▪ relevant and comprehensible information content; 
▪ relevant and understandable action aspect; 

o trustworthy communication dependent on: 
▪ comprehensible communication acts; 
▪ accountable communication acts (can be controlled and criticized); 

• context of communication is characterized by: 
o empathy: actors are respectful and receptive in their communication; 
o reliability: actors fulfill their commitments in a reliable and correct way; 
o trustworthiness/security is about knowledge, conduct and ability of the 

actors to create trustworthy guaranties to maintain safety and trust. 

Thus, communication quality is dependent on the quality of the communicative actions 
and on the context of communication. Notably, these communication quality criteria put 
forward social aspects such as trustworthiness, reliability, and empathy and their 
importance for communication quality. For example, in ePrescribing it is essential that the 
prescriber can rely on the pharmacies and the pharmacist to handle the prescription in a 
correct way and do what is expected and required in the ePrescribing process. For the 
pharmacist, it is essential that they can trust that a legitimate prescriber issued the 
prescription. Furthermore, the pharmacist must rely on the prescriber to have issued a 
prescription in a professional way with concern for the patient, to with confidence 
distribute a medical drug while regarding the wellbeing and safety of the patient. Empathy 
by the prescriber is to show respect for the pharmacist and the patient in making a 
comprehensible and error free prescription. 

7.10 Definition of interoperability 
In this section, we will use elements from the previous sections in this chapter and from 
chapter 2 to make a definition of interoperability. This definition is later integrated in the 
theory on interoperation and interoperability presented in chapter 9 A practical theory on 
interoperation and interoperability. 

 Interoperability as exercised capability to 
interoperate 

The definition of interoperability aims at synthesizing and give attention to those factors 
in the context of interoperation that condition and influence interoperability. An additional 
aim with this definition is to support efforts to define goal, criteria and metrics for 
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measuring and improving interoperability. See 7.10.2 Defining goals, criteria, and metrics 
for interoperability. 

First, we recall our definition of interoperation from section 7.1, subsection concept of 
interoperation:  

“to interoperate means that actors mutually perform and coordinate actions within a 

work practice which is organized around a shared practical understanding.” 

Following this definition of interoperation, we define interoperability: 

Interoperability is the exercised capability of organizations through their agents to 
interoperate in a work practice in an effective, efficient, and satisfactory manner based on 
a common ground in a mediated, prescriptive, and non-personal communicative setting 
using an information infrastructure for mediating interoperation. 

Interoperation is taking place between organizations through their agents in a shared 
work practice. 

Interoperability is a capability to interoperate that can be evaluated and measured given 
defined goals, criteria, and measurement regarding its: 

• effectiveness: that the interoperation is exercised in such a manner that it fulfills the 
purpose and objectives with the shared work practice and interrelated work 
practices; 

• efficiency: that the interoperation is performed in such a manner that it uses well 
the assigned and consumed resources of the shared work practice and related work 
practices; 

• satisfaction: that the actors and their clients have positive attitudes towards and 
trust in the interoperation. 

Common ground is the sum of the mutual and common beliefs, knowledge and 
suppositions of the agents in interoperation. It is a shared basis for communication and 
joint action in interoperation. 

With mediated, prescriptive, and non-personal communicative setting, we mean that the 
participants are using an information infrastructure for structured, repeated 
communication, often asynchronous (mediated), and the language used is a formalized and 
restricted language, which a predefined repertoire of actions and messages (prescriptive) 
and is not directed towards a particular individual137 (non-personal). 

                                              
137 In some cases, as with ePrescribing one of the addressee (as an implied recipient) can be an individual, 

the patient, who the prescription concerns. However, this does not change the communication situation to 
be a dyadic personal communication. 



 
 

The use of an information infrastructure as an instrument for mediating interoperation 
means that it is both a media for communication but also an active agent in the process of 
interoperation. 

 Defining goals, criteria, and metrics for 
interoperability 

One aim with the definition of interoperability was to provide guidance on how to define 
interoperability goals, criteria and metrics for design and evaluation. Interoperability goals 
can be specified in criteria for assessing these goals. These criteria can be measured using 
interoperability metrics. 

Defining goals for interoperation 
In using the terms effectiveness, efficiency, and satisfaction, we adopted the approach of 
Ågefalk and Eriksson [285], to include both an instrumental and social orientation in 
defining interoperability goals. 

An instrumental orientation on goals for interoperation means to focus on means in order 
to achieve a given end. 

A social orientation on goals for interoperation means to focus on goals expressed in 
terms of social values, rules, norms and mutual understanding. 

Table 19 illustrates with examples from ePrescribing, goals with both an instrumental 
and social orientation.  
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Table 19 Conceived examples from ePrescribing illustrating different of orientation of goals. 

Effectiveness • To prescribe, communicate and dispense ePrescriptions 
containing prescription drugs to patents in outpatient care. 

• ePrescribing should be the standard mode of prescribing 
covering more than 90% of all prescriptions. 

• Prescriptions should be created, communicated, and filled in 
accordance with regulations. 

• Prescriptions should express the intention of the prescriber, 
support mutual understanding of the prescription by the 
prescriber, pharmacist, and patient, and the purpose with the 
medical treatment, in a safe way for the patient. 

Efficiency • Prescriptions are created, communicated and filled with few 
errors and disturbances to avoid unnecessary use of limited 
resources. 

• The use of resources by different actors in ePrescribing is 
acceptable by the actors. 

Satisfactory • There is positive attitude towards ePrescribing by the 
prescribers and the pharmacists in terms of ease of use and 
satisfaction with services provided. 

• ePrescribing is considered trustworthy and reliable by 
prescribers, patients and pharmacists. 

 

These goals for interoperation can be further operationalized if desirable, in quantitative 
and qualitative metrics138.  

Relation between goals, criteria, and metrics 
While the definition of interoperability gave some general guidelines for defining 
interoperability goals, they did not provide a more detailed guide how to evaluate 

                                              
138 See further chapter: 4 Implementing ePrescribing in Sweden – case study, for examples how the 
criteria for satisfaction with ePrescribing by different actors and the trust in the interoperation influenced 
the evolution of ePrescribing in Sweden; 5 Improving interoperability in ePrescribing – a field study, for 
examples of criteria regarding effectiveness and efficiency that can be considered in design, 
implementation and operation. 

Goals of 
interoperation 

Conceived example from ePrescribing 



 
 

interoperability. We will here briefly provide some guidelines how to define and evaluate 
goals, criteria, and metrics for interoperability. 

Criteria are related to goals to improve interoperability, i.e. target quality criteria to be 
achieved in the short or long term. These quality criteria could then influence the design 
of work practices, information infrastructures and their governance mechanism, et cetera, 
in order to meet these criteria. These criteria could also be used to improve and evaluate 
interoperability of an existing interoperation. Criteria can be used to formulate metrics to 
evaluate and follow up interoperability. 

One approach to formulate these metrics is goal-oriented metrics, like in The Goal 
Question Metrics approach developed by Victor Basili and others. [286] This means to 
translate overall goals with a process, product or resource into questions139 and finally 
metrics. These metrics are then used in a continuous improvement process. 

Goals are here considered as statement of a desired future state [287] of an object 
(process, product or resource). Criteria are here used to describe the characteristics of an 
object in a certain state. Metrics are methods to assess the criteria in a situation. 

Quality is a term that has been used in many different ways. Reeves and Bednar [288] 
make a historical review of the use of quality as excellence, as value, as conformance to 
specifications and as meeting/exceeding customer’s expectations. They discuss strong and 

weak point using different definitions of quality. 

In this thesis, we regard quality as conformance to specifications and of meeting the 
expectations of the actors. Conformance to specification140 is useful when evaluating the 
designed artifacts, but it is also necessary to consider their fitness of use to meet the actor’s 

needs and expectation. Interoperation is developed for and implemented in a shared work 
practice with its transactional and infrastructural conditions. How this shared work 
practice is designed and implemented will also influence interoperability. 

Interoperability can also be regarded as quality of “use” of the information infrastructure 

in a shared work practice context. All designed and implemented artefacts will influence 
interoperability and what finally counts is the quality of interoperation using these 
artefacts. 

                                              
139 Questions are used to characterize the way to assess or achieve a specific goal. The questions focus 

on certain quality issues from a certain viewpoint. [286] Thus, questions are a way to arrive at criteria for 
a goal which then could be defined in metrics to assess the criteria. 

140 Specification should be made with a focus on the actor’s needs and expectations. 
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Interoperability and process metrics 
Interoperability as an exercised capability can be viewed as a process quality. Process 
quality141 can be measured in various ways. A popular approach to measuring processes is 
Key Process Indicators, KPIs. Walsh [289] develops this concept further in making a 
distinction between Key Process Drivers (KPD) and Key Process Outcomes (KPO). KPDs 
are measurement of drivers (also called in-process criteria) that influence outcomes, while 
KPOs are measurements of outcomes (also called result criteria) that are related to the 
overall objectives of the process. KPDs are used to operate the process in a certain 
direction to achieve certain outcomes. KPOs are measurements to follow up. 

Without KPDs it will be difficult to know what to change to achieve a certain outcome. 
In order to identify and understand the role of Key Process Drivers, it is necessary to open 
up the ‘black box’ and analyze the process of interoperation and what drives certain 
outcomes. For example, the resources you put into testing, the quality and understanding 
of specification of exchanged messages, could be seen as drivers that influence the 
outcome in terms of number of errors in communicated messages. Other Key Process 
Drivers are the development of the information infrastructure and implementation of 
governance mechanism for interoperation. 

The field experimental study in improving interoperability in ePrescribing (see chapter 
5) is an example of measuring Key Process Outcomes in terms of errors in the 
communicated ePrescriptions and of analyzing Key Process Drivers. It is also an example 
of an experimentation (change of Key Process Drivers) and of measuring outcome before 
and after the change. This provides material to learn how process outcomes are influenced 
by changes of the process drivers. 

One important part of improving interoperability is about learning the process, in which 
experimentation [124] is an important activity. Confer also the concept of an “Experience 

Factory” by Basili and McArry, in which experimentation is an important part of learning 

the process. [290] 

Measurement of interoperability, particularly continuous operational measurement, like 
in the ePrescribing work practice, is useful for the control and governance of the 
operational process. 

  

                                              
141 With process quality, we mean here both how the use and design of information systems influence 

the quality of the actions and results in the work practice (see Goldkuhl above) and of the quality of actions 
and results in the work practice influences by other factors. 
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8 Interoperation, governance, 
and collective action 

In chapter 7, we made a theoretical analysis of interoperation, its context, and made a 
definition of interoperability. We described the crucial role of information infrastructures, 
the context of work practices and the conditions for communication in interoperation. 

In this chapter, we focus on organizational and governance issues regarding the 
evolution of an information infrastructure for interoperation. 

The chapter is organized as follows. 

The section 8.1 Governance of ePrescribing in Sweden - some elements recall some 
factors that made ePrescribing evolve in Sweden. The aim is to relate definitions of 
governing, governance, and collective action, to an empirical context.  

Definitions of governing, governance, and collective action are made in section 8.2 
Network governing, governance, and collective action. 

In section 8.3 New National ePrescription Format - Vertical Information Systems 
standardization effort as collective action, we use the example of introducing the new 
ePrescription format in Sweden in order to illustrate a collective action for the 
implementation of a vertical standard. 

There are few studies on governance of networks where several organizations 
interoperate using information systems. IT Governance and IT service management 
approaches have a locus on the enterprise and governance of IT within the enterprise. 
Nevertheless, we think it is fruitful to give some examples of research and work in this 
field that can contribute to the understanding of governance of networks of organizations 
that interoperate. In section 8.4 Network governance, IT governance, and IT service 
management in the context of interoperation, we first describe a framework for IT 



 
 

Governance (Weill & Ross) within and enterprise and then discuss a widespread 
framework for IT service management, ITIL142. 

The definitions of governing, governance, governance mechanism, and collective action 
are integrated in a theory on interoperation and interoperability in chapter 9, in sections 
9.3, 9.5, 9.6. 

8.1 Governance of ePrescribing in 
Sweden - some elements 

The evolution of an information infrastructure for ePrescribing in Sweden was a long-term 
process from the pioneering years in the 1980s to the mature information infrastructure in 
the beginning of second decade of 2000. The evolution of this infrastructure still goes on 
with new challenges. 

The evolution of the information infrastructure was not the result of one design or one 
implementation project. It was the result of a whole range of activities and decisions made 
by stakeholders that created the conditions for its further development. These actions were 
sometimes coordinated and linked, sometimes coinciding and contributing to new 
possibilities. These actions and decisions ranged from change of legislation, choice of 
standards, to setting up of new organizational bodies, and a shared operational governance. 
They provided conditions and structures for governing of joint projects and initiatives. 

We will here summarize some of these actions reported in the case study (chapter 4) and 
the field experimental study (chapter 5). The aim is to give examples of actions that 
contributed to the governance of ePrescribing in different phases, and to give a concrete 
illustration of governing, governance, and collective action defined in the next section. 

The examples are gathered under the following headings: organizational, legal, 
economical, standards and technologies, stakeholder’s interest and incentives, and social 
interaction and culture. 

 Organizational 
In the early beginnings of the first decade of 2000, there were strategic decisions made by 
the executive board of the National Pharmacy Corporation (NPC) and at the regional 
county council in Stockholm to promote and develop ePrescriptions. These organizations 
initiated internal projects to promote and implement ePrescription and started to cooperate. 
Several organisms for cooperation around the use of IT in health care sector, which 
included the NPC, were created, like ELAK and Carelink. The NPC had the main 
responsibility as a leading organization to administer the ePrescription network (see the 

                                              
142 ITIL stands for IT Infrastructure Library. ITIL was developed by a government agency in Great 

Britain in the end of the 80ties. See http://www.itgovernance.co.uk/itil.aspx  

http://www.itgovernance.co.uk/itil.aspx
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following section on forms of network governing). Later through the development and 
implementation of the new National ePrescription Format (NEF) there was an engagement 
of a wider network of participants, including all the major regional county councils and 
later all county councils. 

Through the NEF project, a number of new shared governance mechanisms were 
introduced to govern the operational ePrescribing flow. The reregulation of the pharmacy 
market involved the transfer of the information infrastructure developed by the NPC for 
ePrescribing services to a state owed network organization which later became a state 
authority in 2014. A wide variety of organizational forms was used in developing, 
implementing, and operating ePrescribing, and promoting the evolution of the 
ePrescribing infrastructure. These organizational forms dealt with the issues that came to 
the fore such as legal, economic, standards and technologies, stakeholder’s interest and 
incentives, and culture of cooperation. Below, examples of dealing with some of these 
issues will follow. 

 Legal 
Changes in legislation were crucial for evolution of the information infrastructure for 
ePrescribing in Sweden. In the beginning, an ePrescription was considered as a 
prescription only transferred electronically. This meant that an ePrescription had to be 
printed on paper if there were refills after first dispensing. Soon, there were efforts by 
stakeholders to influence legislation to allow for storing the prescription during its lifetime 
and to accept the ePrescription as the “original” to which rules and rights were linked. 

The changes in legislation granted the same legal status for ePrescription as a paper 
prescription. Other changes in legislation facilitated the development of the information 
infrastructure, such as the law on the pharmacy register that mandated that all sales at the 
pharmacies of prescribed medical drug should be registered and the information made 
available to the prescriber and the patient. 

 Economical 
It was agreed that all the actors should take their own cost for developing their part of the 
infrastructure. This was not a major problem as the actors were relatively equal in size, 
with the exception of the major county councils and the NPC. The county councils used 
their own network for communication (Sjunet). Participants took their own costs for the 
VAN services. The transfer of the information infrastructure to a state-owned network 
organization, implied a need to finance this administration and organization. This was 
regulated by legislation which demanded a fee from the pharmacies based on transactions 
of sold medical drugs. The costs for testing and approval of new actors and applications 



 
 

or new revised versions of existing application were to be paid by the applicant 
organization. 

 Standards and technologies 
The first standardized ePrescription format used EDIFACT based on a UN standard 
(MEDPRE). Later, through the support of SIS (Sweden´s Standards Institute), an 
implementation guide for an ePrescription in the XML format using the pre-standard 
ENV13607 was developed. Thus, in the beginning of the first decade of 2000, there were 
two standards implemented for ePrescriptions in Sweden. After the NEF project, the 
EDIFACT format was phased out. 

The standard for communication was in the beginning X.400 and later web services were 
used. The latter provided a shorter response time and improved throughput, and the 
synchronous mode of communication enabled interaction. This change came about in a 
cooperation with a major county council and NPC and was later adopted by other county 
councils. 

 Stakeholders’ interests and incentives 
The major stakeholders had an interest in promoting ePrescriptions. The first identified 
benefit for the pharmacies was to decrease cost and time for transcribing paper 
prescriptions into the dispensing system. Later, it became obvious for the prescribers’ 
organizations that they could benefit from a greater control of what was prescribed and the 
prescribers could save time for prescribing using their electronic health record systems. 

The regional county councils in the north of Sweden were early adopters of 
ePrescription, probably due to the long distance to a doctor. Through ePrescription, a 
prescription could easily be renewed and sent to a pharmacy after a telephone consultation. 
In the larger cities, there was a demand to be able to go to any pharmacy to fill a 
prescription. This was an incentive for a national prescription repository. Another 
incentive was to limit the number of falsification of prescriptions that were made on paper, 
often using stolen preprinted prescription note pads. 

 Social interaction and culture 
The major stakeholders involved in implementing ePrescribing in Sweden considered the 
evolution of a culture of cooperation very important. The forums for cooperation within 
health care created opportunities to meet, and supported strivings towards reaching 
agreements on goals and how to implement ePrescribing. The question of trust was 
considered a very important factor. Trust not only between the actors in the network but 
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also a focus on working together to maintain and develop trust of the prescribers, 
pharmacists, and the public in ePrescribing. 

8.2 Network governing, governance, and 
collective action 

This section aims at defining some central concepts such as governing, governance, 
governance mechanism, and collective action in the context of achieving and managing 
interoperation. 

Interoperation among a network of actors, demands a different form of governance 
compared to a market or a traditional hierarchical command structure within an 
organization. We will start this section by illustrating research on forms of network 
governing with examples from ePrescribing in Sweden.  

 Forms of network governing  
Interoperation is taking place in an inter-organizational setting (not limited to a dyadic 
relationship). As we have showed with the case study on the evolution of ePrescribing in 
Sweden, there were many stakeholders and organizations involved. This setting can be 
viewed as a network of legally autonomous organizations that are engaged in a cooperative 
endeavor. 

In such a network, it is necessary that there exists some governance to regulate common 
actions, the responsibility of each actor, and solving of conflicts. [291]. By an 
organization, we mean a legal autonomous organization such as private or public 
corporation, state or local authority, regional county council, et cetera. 

The governing of such a network cannot use traditional hierarchical or market 
mechanisms. This type of governing, named network governance, is characterized by a 
coordination of an informal social system in contrast to a traditional bureaucracy within 
an organization or the regulation by contracts between organizations. [292] 

Raab defines networks as “consciously created groups of three of more autonomous but 
interdependent organizations that strive to achieve common goal and jointly produce an 
output.” [293] 

Provan and Kenis [291]143 identify three forms of network governing: Participant-
governed, Lead organization, and Network administrative organization (NAO). 

Participants-governed networks are governed by the members in the network themselves 
without any separate governance entity. They can have various degrees of formality and 

                                              
143 See also Markus Bui [294] for a comparison of Provan and Kenis approach to other approaches 

analyzing to governance of ‘Interorganizational Coordination Hubs’. 



 
 

centralization. One example of participant-governed network was the initial network for 
making a new national ePrescription format in Sweden (see chapter 5). 

In Lead organization governed networks, key activities and decisions are coordinated by 
one of the participating member, which acts as a lead organization. This organization 
facilitates and administers the activities and decisions of the network.  

Before the initiative to develop a new ePrescription format in Sweden, the NPC was de 
facto Lead organization via bilateral contract with the regional county councils, regulating 
the ePrescription flow. The NPC was responsible for administering the format and request 
for changes. 

The early attempt to implement a new ePrescription format evolved into a network 
governance that made it possible for the NPC to leave its role as Lead organization and 
engage some of the major regional county councils. Later the network organization 
Carelink representing the network members took the role of coordinating the work to cope 
with the complexity of engaging all the regional county councils in Sweden. 

Network administrative organization (NAO) forms of governing occurs when there is a 
separate administrative entity governing the network. This entity is not a participating 
member as in a Lead organization governed network. An example of a Network 
administrative organization is the state authority the Swedish eHealth Agency that 
administers the information infrastructure. This organization was a product of the 
reregulation of the pharmacy market in Sweden from a state monopoly to private pharmacy 
chains. It emerged (in its earlier form) in order to transfer and administer the ePrescribing 
infrastructure developed by the NPC, and make it available to the new pharmacy chains. 

 Governing, governance and governance 
mechanisms 

Governance and governing are commonly used terms within organizational research, 
within corporations and in the public sector. The terms are often used rather loosely as 
synonyms, deepening on the context of use. One way to differentiate their use is to pose 
questions like, 1) who is governing or 2) what kind of IT governance do you have in this 
company, or 3) is there any governance of this process? 

The first question is answered with who does the actual steering, for example CEO and 
the members of the executive board. The second question may be answered with a 
description how (structure and rules) various decisions are made in the company regarding 
IT investment, IT strategies et cetera. The third question may be a bit rhetoric in 
questioning, if there is any structure in the governing of the process.  

Thus, governance in this thesis focus on “system of governing”, i.e. the conditions for 

governing, or to use the words from Oliver E. Williamson's speech at the Nobel Banquet, 
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in 10th December 2009 “ … governance is the means by which to infuse order, thereby to 

mitigate conflict and realize mutual gains …”. 

Without governance, there is no structure or rules for governing. 

Governing is the actual steering by actors of activities, resources and people. 

Governing can be made with different time perspectives and a scope of application: 

• strategic governing has a long-term time perspective for a future general 
application; 

• tactical governing has a medium-term time perspective for a future specific 
application; 

• operational governing has a short-term time perspective for an existing 
application. 

Governance mechanisms are used when we talk about concrete means “to infuse order”. 
Thus, governance mechanisms are instruments to implement governance. 

Hoetker and Mellewigt [295] compare two types of governance mechanism when they 
study choice and performance of governance mechanism depending on what type of assets 
are shared in alliances: 

- formal governance mechanism does not rely on people and their relationships. They 
stipulate a certain outcome and behavior. Typical formal governance mechanisms are 
contracts regulating exchange and shared assets, routines for action and behavior. 
Formal governance mechanisms regulate and codify mutually agreed acceptable 
behaviors, which could contribute to coordinate efforts and clarify different roles; 

- relational governance mechanisms are based on people and their relationships, where 
the outcome is not always well defined or predictable. Typical examples are steering 
groups (which rely very much on the people involved and their relationships), teams, 
committees, and meetings. Relational governance mechanisms focus on 
communication and sharing of knowledge, and on developing trust and cooperation. 

Governance mechanisms are usually a combination of formal and relational 
mechanisms. Hoetker and Mellewigt [295] conclude that relational governance 
mechanisms are more appropriate when exploiting knowledge-based assets in an alliance, 
while formal governance mechanisms are more appropriate for governance of large 
amounts of property-based assets. 

In ePrescribing, there have been a mix of both formal and relational governance 
mechanisms. Typically, the governance of assets that have involved a larger investment 
like the ePrescribing information infrastructure has a number of formal governance 
mechanisms like eCommunication contracts, service level agreements, financial 
compensations, routines for change, et cetera. On the other hand, relational governance 
mechanisms have been widely used to develop the information infrastructure, enhancing 
open communication, knowledge sharing, and trust. 



 
 

 Collective action 
When there are opportunities to develop interoperation between different actors, it is often 
the case that, even if there is a common good to be achieved that would benefit all potential 
participants, the benefits for each participant is not high enough to motivate an engagement 
in a process of cooperation. It can also be the case that the potential benefits are not evenly 
distributed where important actors have little to gain. This situation is called the Collective 
action dilemma. It emerges when there is an opportunity to achieve a common good but 
there is not enough incentive for each individual participant taken separately. 

Thus, from a point of view of developing interoperation, to capture the opportunities that 
exist, collective action by the participants involved is an important concept, which is 
concerned with how to overcome the Collective action dilemma. [95, 296]  

Grandori [297] write about this situation “ … that arise to capture opportunities for 

joining resources and acting collectively. They share, as a common feature, an underlying 
problem of governing collective action (Olsen, 1965) rather than a problem of regulating 
exchanges or transactions (Williamson, 1981).” (Olsen [298]), Williamson [274]). 

In this thesis, Collective Action is an action that require two or more entities to coordinate 
their efforts to achieve a common good. Collective action has a perspective of a 
development of a future process of interoperation. 

The development and implementation of an information infrastructure can be viewed, in 
line with Markus et al [95], as collective action. In section 8.3, we give an example of 
collective action to implement a new vertical standard in ePrescribing in Sweden. 

 Governing, governance and collective action 
– summing up 

In this subsection, we sum up our analysis of governing, governance, and collective action. 
Perspectives of governing are presented in Table 20. 
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Table 20 Perspectives of governing 

Strategic Long Sector Collective 
action 

Develop pre-
conditions for 
infrastructure 
development 

Standards, policies, 
long term funding, 
institutional bodies, 
legislation, et cetera 

Tactical Medium Work 
practice 
infra-
structure 

Collective 
action 

Develop and 
implement of 
infrastructure 
conditions for 
interope-
ration 

Joint projects, 
steering groups, 
maintenance and 
support organiza-
tions, contracts, 
funding, governance 
of work practice 
interoperation, et 
cetera. 

Operational Short Work 
practice 
transactions 

Inter-
operation 

Operational 
governing of 
inter-
operation 

Use of governance 
mechanisms for 
work practice 
interoperation 

 

A perspective of governing is defined by its time scale and scope. In the table, we have 
three perspectives: strategic, tactical, and operational. Linked to these perspectives are two 
types of actions such as collective action for future interoperation and existing action of 
interoperation. These two types of actions are linked to various types of activities. 
Collective action includes activities to develop (strategic) preconditions for infrastructure 
development and to develop and implement an infrastructure for interoperation (tactical). 
An important result of these activities are governance mechanisms for interoperation. 
Interoperation is about the operational governing of the process of interoperation using 
governance mechanisms created in collective action.  

The strategic perspective of governing is long-term and aims at a more general 
application (scope), such as a whole sector, which could involve both public and private 
sector organizations and companies. In the strategic perspective, activities aim at 
achieving legal, political, economic, and organizational pre-conditions that facilitate future 
collective action. 

The tactical perspective of governing is medium-term with a scope of work practices and 
their infrastructure conditions. It is about a development and implementation of a shared 
work practice and its information infrastructure for interoperation, which have concrete 

Perspective Time 
scale 

Scope Type of 
action 

Activities Governance 
mechanism 



 
 

parties and users. The activities are about creating governance mechanisms, initiating and 
governing the development and implementation. 

The operational perspective is short-term with a scope of work practice transactions. 
The type of action is interoperation with activities that are focused on transactions and the 
operational control of interoperation.  

Collective action has both a strategic and tactical perspective because it is about a change 
of a situation, in the long and medium term. The operational perspective of governing is 
focused on the immediate interoperation. It has the perspective on the stability and 
sustainability of the interoperation. 

8.3 New National ePrescription Format - 
Vertical Information Systems 
standardization effort as collective 
action 

In this section, we will give an example of collective action in developing and 
implementing vertical standards within ePrescribing in Sweden. This is an example of a 
collective action with a tactical perspective (see Table 20). 

To analyze the characteristics of developing and implementing a new national 
ePrescription format (NEF) in Sweden, we will use Markus et al [95] notion of collective 
action dilemmas in vertical standardization and suggestions how to overcome them. See 
chapter 5 for a detailed account of this case.  

Vertical Information Systems (VIS) standards are designed to promote coordination and 
communication among actors in a vertical business sector or cross business sectors. [95] 
Vertical standardization efforts emerge from the need to promote interoperable business 
processes, usually between partners that have different roles and structures. In 
eCommerce, there is often a buyer and supplier relation in which a supplier of some goods 
could deliver to various business sectors. The business processes that interoperate have 
different properties. 

Thus, vertical standards thus need to be developed in a common action among 
heterogeneous groups of actors, in contrast to horizontal standards that are often developed 
by homogenous and rival competing groups. Markus et al (ibid) view developing of 
vertical standards as collective action. They identify a number of collective action 
dilemmas in development and diffusion of vertical standards. Generally, there is the so-
called free rider problem, which means that everybody is waiting for others to be the first 
to engage in developing and adoption of a standard. Other dilemmas are heterogeneity in 
interest and distribution of resources that will influence actor’s engagements in developing 
standards and their ability to implement developed standards. Based on a case study in the 
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residential mortgage industry in US, Markus et al [95] make some suggestions how to 
overcome the collective action dilemmas in vertical standardization. They suggest that: 

A. participation of all structurally different groups is necessary in order to meet the 
needs and demands of the interoperating processes; 

B. key players in diffusing the VIS standards should be part of the standardization work; 
C. it is important to deploy successful tactics regarding engagement, participation, 

governance, agreements, and scope in developing and diffusion of VIS standards; 
D. simple solution promotes diffusion better than a technically complicated one. 

We can view the development and implementation of the new ePrescription format in 
Sweden as a collective action for a vertical standard within a business sector, or rather in 
the intersection of two different business sectors – the health care and pharmacy market.  

The participants in this collective action had a different interest in the development and 
diffusion of the standard. Resources and their governance were different: on the one hand, 
there were many regional county councils with a high degree of local decision and funding, 
and on the other hand, a centralized state owned company at the pharmacy side. 

In the following, we will use the suggestions made by Markus et al (ibid) to overcome 
the collective actions dilemmas in order to compare with lessons learned from the 
development and implementation of the new ePrescription format in Sweden. 

A. Participation of all structurally different groups 
Early in the initiation of the project, two major regional county councils and a county 
council in the north were engaged together with the NPC in making the first suggestion 
and design of the new format. The request for participation was open, but most of the 
county councils did not feel the need to participate early in the process. Soon, the third 
largest regional county councils in Sweden were also engaged in the project. Thus, 
relatively early the three major regional county councils were engaged. When the first 
version of the new format was designed, a new phase of diffusion started, engaging a 
network organization (Carelink) for cooperation between the county councils. In this 
phase, the group of regional county councils engaged was extended through various 
activities. The new design suggestion was remitted to include viewpoints from all the 
software vendors of the EHR-systems. 

B. Key players in diffusion is engaged in 
standardization work 

The engagement of all the regional county councils that procured and used the EHR-
system that had to be changed to implement the new format was important to for the 
diffusion of the standard. Also, the early engagement of the three major county councils 
in the project, was important in facilitating the diffusion. The county councils had to order 
and finance the changes of the EHR-system themselves, and thus, it was important to have 



 
 

the three major county councils as part of the project as well as to have a smaller county 
council involved to ensure a certain structural and geographical diversity. The software 
vendors were not primarily involved; their role was to implement the changes needed on 
the request of the county councils. The NPC played an important role, not only as a 
centralized organization of the pharmacies, but also, as a consistent promoter over time. 
The state authorities concerned were supporting the initiative but they were not engaged 
in the project, although invited. 

C. Deploy successful tactics regarding engagement, 
participation, governance, agreements, and 
scope 

One important tactic in engagement and participation was the long-term cooperation 
between the major county councils and the NPC. This was a continuation of the 
cooperation in the diffusion of ePrescriptions in Sweden144. A key role was also the 
engagement of the network organization Carelink who could host and govern the work 
with design, testing, approval and diffusion, as a neutral partner and engage a major part 
of the county councils. There was no common financing except the participation of the 
network organization. All development, test and implementation costs were to be financed 
by each county council and the NPC. There was a common interest among the county 
councils to the keep the cost down for the change of the EHR-system. A common and 
nationally accepted standard could distribute the cost among the county councils when 
they had the same EHR-system. Another successful tactic in the diffusion was making 
public the progress report of each county council, a tactics that was learned from the 
implementation of ePrescriptions. This created a kind of competition between the county 
councils. There was also a constant pressure from the major county councils and the NPC 
to implement the new format with setting up of deadlines, although they had to be 
postponed on occasions, they helped to push the implementation forward. 

D. Simple solution promotes diffusion 
In the design phase of the project, there was early a concern from the NPC and the county 
councils that the design should be as simple as possible to implement. On the other hand, 
if there were very few changes, there were less interest in making the change. This 
dilemma was present in the design phase, when there was a balancing of different needs 
and requirements in relation to its affect on the diffusion. Starting with the idea and 
metaphor of a ‘base line’, it was possible to focus on improving the quality first and only 
implement those functional changes that were considered necessary. From the beginning, 
the project focused on quality of content and patient safety. This helped to keep the design 

                                              
144 Reimers et al [299] refer to the term colony by Porra. [300] “Colonies are voluntary collections of 

individuals that share a common history, common methods for realizing both stability and radical change, 
and a common local context.” [299] 
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simple and more easily accepted. To ‘keep it simple’ seems to be a success factor also in 
this case. 

 

8.4 Network governance, IT governance, 
and IT service management in the 
context of interoperation 

There is a lack of theory on and models for setting up network governance mechanisms in 
relation to the use of information infrastructures. [301] There are many challenges facing 
network governance, such as sharing knowledge, resources, governance, and information 
plus the heterogeneity regarding IT infrastructure and IT governance compared to a single 
enterprise. In section 8.2.1 Forms of network governing, we described research about 
network governance forms coming from organizational research. 

This section will develop further on how forms of network governance can influence 
design, implementation, and adoption of interoperation. The second aim is to relate 
network governance to existing models of governance in enterprises for IT and IT service 
management, and discuss their limitations and contributions to network governance for 
interoperation. 

The first section (8.4.1) will make a comparison of implementing ePrescribing in US and 
Sweden. The aim is to highlight the ramifications of the operating model of ePrescribing 
on incentives and roles of the actors, and the role of network organizations and network 
governance. These ramifications may in turn affect the adoption and growth of the share 
of ePrescriptions. 

We will then in section 8.4.2 and 8.4.3 briefly describe some enterprise IT governance 
concepts and then a widespread IT service management framework, ITIL. Going beyond 
their context of an enterprise, we will discuss some potential contributions from these 
governance models to network governance of interoperation. We will exemplify from 
ePrescribing in Sweden and compare some of their concepts with those we have developed 
in section 8.2 Network governing, governance, and collective action. 

 Network governance in ePrescribing – 
comparison US – Sweden 

Electronic prescribing has been an important part of US health policy since 2003 with the 
passage of Medicare Prescription Drug, Improvement, and Modernization Act (MMA). 
[302] MMA intended to foster ePrescribing through creation of standards for exchange 
and removals of rules that could block the development of ePrescribing. [303] However, 
the increase in the share of ePrescriptions remained modest. In 2008, only about 4% of all 



 
 

new and renewals of prescriptions were ePrescriptions. [304] After the Medicare 
Improvements for Patients and Providers Act (MIPPA) from 2008, and which included 
financial incentives to facilitate the use of ePrescribing, there was a more important 
increase in the share of ePrescriptions. In 2014, 67% of all new and renewals of 
prescription were ePrescriptions in US. [305]145 It was promising for further growth that 
the share of community pharmacies that could accept ePrescription increased from 76% 
in 2008 to 96% in 2014. [304]  

Although this is a dramatic increase, it does not match the level of growth of ePrescribing 
in Sweden between 2000 and onwards (see chapter 4). In 2015 (Swedish eHealth Agency), 
98% of all prescription in Sweden were ePrescriptions. There are several explanations of 
the reason why the pharmacies uptake in US is higher than the health care providers. One 
explanation146 for the difference is that physicians’ time spent issuing a prescription has 
increased with ePrescriptions. [306] Another explanation is the cost for the physicians to 
invest in ePrescribing. [302]  

Nelson King [301] describes in their paper how the operating model147 of ePrescribing 
in US influences the role of and relationships between actors in the network. Here, an 
operating model is viewed as a blueprint of actions and exchange between actors in a 
network to achieve a certain goal, i.e. a network-operating model148. Nelson King claim 
that the design and implementation of the operating model might explain some of the 
obstacles to and the incentives in increasing the share of ePrescriptions. 

Subventions of medical drugs is different in US compared to Sweden. In US, there are 
both national and state programs (Medicare prescription drug plans (Part D), Medicaid) 
and private insurances to pay for cost of medical drugs. In Sweden, the county councils 
pay all medical drug benefits. The pharmacies and the Swedish eHealth Agency 
administers the economic transactions. The number of prescribers, pharmacies, and IT 
providers are much higher in US and of course, the population and the number of 
prescriptions issued each year. This makes the implementation of ePrescribing in US more 
complex. See [304] for some details. 

Even if there are differences between US and Sweden, we think it is interesting to analyze 
what Nelson King [301] calls the “operating model” of ePrescribing and how it influences 

                                              
145 Surescripts reports that in 2014 67% of all new prescriptions were ePrescriptions (1.2 billion). [305] 

146 The most populated states have a lower share of ePrescriptions than other states. When these states 
share´s increase there will be a more dramatic increase. 

147 Nelson King use the term influenced by Ross [307]. Ross stressed the importance that the enterprise 
define an operating model because it influence which strategies should be supported. An operating model 
gives a more action oriented and concrete view of the enterprise and give inputs on the relation between 
workflow and strategy. [301]  

148 This is in line with our definition of a work practice. See earlier sections 2.2.2, and 7.1 and section 
9.3.1 where we develop our notion of a shared work practice.  



 

 
 

Interoperation, governance, and collective action 

the roles and relationship of the actors in ePrescribing and its effect on the incentives of 
the stakeholders to adopt ePrescribing. 

Nelson King compares the operating model of paper prescriptions and the 
implementation of ePrescribing in US. By using paper prescriptions, the patient had a 
choice to decide to fill the prescription or not and to choose pharmacy. The pharmacies 
made all the controls related to the medical benefits. This is very similar to the situation 
with paper prescriptions in Sweden. The implementation of ePrescribing in US changed 
this operating model. There were two major changes. Through ePrescribing the prescriber 
has to check the eligibility of the patient to Medicare and the formulary of the Medicare 
drug plan, previously made by the pharmacies. This means that the prescriber’s relation to 
the patient has changed in the sense that the prescriber has to take into account cost when 
selecting a particular medical drug. The prescriber also had to make a choice to which 
pharmacy to send the prescription. This meant that ePrescription changed to become a 
point-to-point communication between prescriber and pharmacies, and that the patient no 
longer could choose a pharmacy independently. 

This operating model is similar to the early operating model of ePrescribing in Sweden. 
However, in Sweden, fairly soon this operating model changed towards a more “pull” 

oriented model, with a national ePrescription mailbox and later the national ePrescription 
repository. This meant that the patient could choose pharmacy, as before with the paper 
prescription. This change was demanded by the major county councils of the major cities 
where there were many pharmacies to choose between. This change of the operating model 
increased the acceptance of ePrescribing by both the prescriber and the patients. Another 
difference of the operating models in US and Sweden was that the issuing of a prescription 
did not mean any extra work for the prescriber. Moreover, the use of EHR systems was 
more common in Sweden than in US in the beginning of 2000. In 2009, there was almost 
a 100% adoption of EHR systems in Sweden. [308] 

The ”push” metaphor for the operating model of ePrescribing mimics an electronic 
transfer of messages which was the dominating mode of communication in the 80- and 
90s particularly for inter-organizational communication. Thus, it is fairly natural that such 
a metaphor for communication has an influence on the choice of operating model. It was 
also a way to advance the implementation of ePrescribing. Moreover, storing of 
ePrescriptions in a repository was not legally settled in Sweden. In the beginning of 2000, 
new technologies and standards for the provision of services, crossing organizational 
borders also made it possible to imagine other operating models. 

Another aspect related to the “push” metaphor is the mistake to view a prescription as an 

“order”149. Both in the US and Sweden, it is not always the case that the patient actual goes 

                                              
149 With paper prescription, the act of the patient/customer to bring the prescription to the pharmacy 

implicitly became an order and a relation between the (now) customer and the pharmacy to fill the 
prescription. This analogy with paper prescription where the “transport” of prescription coincided with an 

 



 
 

to a pharmacy to get the prescription filled. In the beginning of 2000, some pharmacies in 
Sweden interpreted the prescription as an order and prepared the prescription in 
advance150. However, while some patient never showed up and with the new legislation 
on generic drug exchange, it lost its meaning. Nevertheless, there were still discussions at 
the NPC with the introduction of the national mailbox and later the repository for 
prescriptions, whether to accept an ePrescription as an order or not in some cases, as it was 
possible to address a local pharmacy for specific reasons. This was of interest for a part of 
the organization that worked with mail order pharmacy151. The implementation was that 
even if a prescription was addressed to a local pharmacy, it was still managed centrally 
and “pulled” at the request of the customer (case by case or by subscription). 

Nelson King [301] writes that the impetus of cost reduction expected from ePrescribing 
has primarily been from third party payers such as state and federal governments and 
insurance companies. The expectations were that an increase of prescriber’s choice of 

generic drugs would benefits these stakeholders. This may explain the choice to make the 
prescribers to take an increasing role in the cost of medical drug, which was not the case 
with papers prescriptions. In Sweden, this was not an issue. A law demanded the 
pharmacies to choose the cheapest generic drug when dispensing a prescription. The 
initiative in Sweden to develop ePrescribing came not first from third party payers152 of 
medical benefits but from the pharmacies and prescribers. The state authorities were not 
taking the lead. This may also explain the choices made in the operating model in US. 

Nelson King [301] identify a mismatch between the implemented operating model of 
ePrescribing and the work flow expectations of the network members in ePrescribing. For 
example, prescribers support ePrescribing but want compensation for extra time spent. 
Nelson King [301] notes that policy makers and system designers did not seem to take into 
account various stakeholders reaction and incentives when implementing ePrescribing. 
This mismatch between the implemented model and the actors in the ePrescribing may 
have influenced the rate of uptake of ePrescribing in US. 

One interesting aspect that may have influenced the choice of operating model of 
ePrescribing in US and Sweden is the fact that in Sweden there was an organization that 

                                              
order may have influenced to see the electronic “transport” of a prescription to a pharmacy as an order. 
However, the mistake is that the order relation is not between the prescriber and the pharmacy but between 
the customer/patient and the pharmacy. In addition, the prescription is an institutional object in itself issued 
by an eligible prescriber giving directions and rights to the patient and the pharmacy regulating the 
dispensing of prescription drugs. See chapter 6 A practical theory on ePrescribing for an analysis of the 
role of an ePrescription in ePrescribing. 

150 See section 4.8.1. 

151 This view would not be tenable in a reregulated pharmacy market with several pharmacy chains. 

152 In Sweden, the county councils have a double role of prescribing and paying the medical benefits, but 
they take no active role in reducing the cost of drugs by choosing generic drug, which is managed by the 
pharmacies. 
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took a central role in ePrescribing, the NPC. The NPC was very active in creating an 
internal information infrastructure to rationalize the dispensing of prescriptions. Early, it 
was mandated a role by the state authorities to carry out tasks such as reimbursement 
administration, generic drug change, administration of medical drug register, national 
pharmacy register [161], and sales statistics. It may be more difficult, but not impossible, 
to take such a role by other organizations or by creating such an organization as in the case 
of the Swedish eHealth Agency, which is responsible for the central information 
infrastructure for ePrescribing in Sweden. In US, important actors were federal and state 
government institutions, insurance companies, and the so-called network integration 
infomediaries for example Surescripts that relays ePrescriptions to the pharmacies. With 
an existing organization at hand that already had a central role in the ePrescribing 
infrastructure, it seems to be easier to establish an operating model with greater flexibility 
for the actors based on services rather than on point-to-point communication in 
communicating ePrescriptions. 

From this comparison between the implementation of ePrescribing in Sweden and US, 
we can conclude the following: 

• the work practice153 implemented has an influence on stakeholder’s incentive and 
willingness to adopt; 

• it is important to make an analysis of the work practice and its ramifications for 
various stakeholders; 

• the legal and economic aspects have an important influence on the design and 
implementation of the work practice; 

• the existence of network organizations and governance will influence the design 
and implementation of the work practice. 

In section 8.2.4 Governing, governance and collective action – summing up, we 
described three perspectives on governing of interoperation: strategic, tactical, and 
operational. We can see these aspects also in the case of the evolution of ePrescribing in 
US. We have the strategic perspective illustrated by government initiatives such as 
removing of legal obstacles, the use and establishment of organizational bodies for 
governance, creating economic incentives, and promoting development and use of 
standards. The tactical perspective is illustrated by the development, design, and 
implementation of the “operating model” and its governance. The operational governance 
has not been in focus in this section. 

                                              
153 We use here the notion of a work practice instead of operating model in order to link the analysis to 

our theory. 



 
 

 IT governance for enterprises and governance 
of interoperation 

Weill & Ross at MIT have made extensive research on IT governance in enterprises in US, 
Europe, and Asia/Pacific. [309, 310] Weill & Ross view IT governance as a structure for 
making decisions on IT in an enterprise [311]. They identify five major decision domains 
[309]: 

• IT principles, which comprise decisions about the strategic role of IT for the 
business; 

• IT architecture which is about technical choices; 
• IT infrastructure which comprise decisions about the centrally controlled IT 

services of an enterprise; 
• Business application needs which are the business requirements for IT 

applications; 
• IT investments, which comprise the prioritization and investments decisions. 

These decision domains may still be relevant in an inter-organizational setting. In Table 
21 we use examples from ePrescribing (see chapter 4 and 5) to illustrate how joint 
decisions can be made in the different decision domains. 
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Table 21 Decision domains and examples of decision from ePrescribing in Sweden. 

IT Principles Both major county councils and NPC made early 
strategic decisions to promote ePrescribing, as did the 
network organizations like Carelink. The policy of the 
state was also supporting the effort in the direction of 
developing ePrescribing. The promotion of 
ePrescribing was a strategic initiative within the health 
care sector. 

IT Architecture There were joint decisions made regarding identity 
management (SITHS), security (S/MIME), system to 
system services (Web services), et cetera. 

IT Infrastructure The development of the ePrescribing services were a 
cooperation between NPC and the county councils, 
particularly during the development and 
implementation of the new ePrescription format.  

Business Application 
Needs 

During the development and implementation of the 
new ePrescription format, business requirements from 
the stakeholders were considered and approved. 

IT Investments Each actor made IT investments themselves although 
there was funding of certain common projects. Later, 
when the information infrastructure for ePrescribing 
was hosted in a separate organization with the 
reregulation of the pharmacy market in Sweden, a 
financing model of the information infrastructure was 
constructed (and decreed by the state). The pharmacy 
chains contributed to finance this infrastructure 
through fees based on transactions using this 
information infrastructure. 

 

From these examples, we can conclude that the IT decisions domain for IT governance 
in an enterprise identified by Weill & Ross are useful to identify decision areas regarding 
information infrastructures for inter-organizational interoperation. 

According to Weill & Ross [309], a company must design and implement governance 
mechanisms to guide managers day to day work with governing IT. They define three 
kinds of governance mechanisms: 

Decision domain Example from ePrescribing 



 
 

• decision making structures – definition of organizational structures, their roles and 
locations in decision making; 

• alignment processes – i.e. processes how to make decision, and to gain desired 
involvement in decisions; 

• formal communications – how to communicate governance processes in order to 
make them understood and implemented as desired in the enterprise. 

Within a network governance setting, these governance mechanisms are relevant, 
although governance styles for interoperation in a network are different. 

Weill & Ross focus is not on the operational aspect of IT governance but rather on 
governing of IT on a strategic and tactical level. IT governance is about making decisions 
on IT in general (investments, strategies, choices, policies, et cetera.) rather than 
governance on how IT services should be developed, implemented and operated. In the 
next section, we will deal with governance of IT services. 

 IT service management and interoperation 
A widely recognizes framework for IT service management is ITIL [312].  

ITIL defines IT service management as: 

“The implementation and management of quality IT services that meet the needs of the 

business.” [313] 

In addition, an IT service as: 

“A service provided by an IT service provider. An IT service is made up of a combination 

of information technology, people and processes. …” [313] 

ITIL is a guide for service providers for the provision of IT services [314]. 

ITIL contain a description of processes, functions and capabilities to support the delivery 
of IT services. Although, the scope is limited to governing the delivery of IT services by 
a service provider, the approach is well developed and has interesting parallels to our 
analysis on governance and interoperation. With this limitation in mind, we will here 
shortly describe the main component of ITIL and make some reflections on its relation to 
the perspective on governing outlined in this chapter. 

ITIL [314] is based on five stages of the service life cycle: 

• service strategy 
o service management seen as a strategic asset and not just as a business 

capability. Describes the basis for the practice of service management for 
developing policies, guidelines, and processes; 

• service design 
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o guidance for design and development of service and service management 
practices. Includes also change and improvement of existing services over its 
life cycle; 

• service transition 
o guidance for the development and improvement of capabilities to introduce 

new and changed services. Describes best practice in transition planning, 
support and change management, asset and configuration management, 
release and deployment, validation, and testing; 

• service operation 
o guidance how to maintain stability in service operation, allowing for changes 

in design, scale, scope, and service levels. Include processes such as event, 
incident, problem and access management, service desk, et cetera; 

• continuous service improvement 
o guidance how to improve strategy for design, transition and operation of 

services, and how to improve service quality, efficiency in operation and the 
continuity of business. 

ITIL use a hub-and spoke metaphor when presenting theses phases, in which the service 
strategy is the ‘hub’ around which service design, transition and operation revolves as the 

‘spokes’ (see Figure 47). This metaphor highlights that design, transition, and 
interoperation are instances of processes and projects to design and delivers services or 
version of services. 

 

Figure 47 Hub-and-spoke model of ITIL. 

Service 
strategy



 
 

When comparing this framework with our analysis of governing perspectives, we see 
many similarities. 

Service strategy has a strategic perspective, while service design and transition are part 
of the tactical perspective and service operation has an operational perspective (see Table 
22). Continuous improvement concerns all perspective and stages in ITIL. 

Table 22 Comparison of ITIL governance mechanisms for different phases and perspectives of governing 
(Table 20). 

Strategic Long Sector Collective 
action 

Service strategy 

Tactical Medium Work practice 
infrastructure 

Collective 
action 

Service design 
Service transition 

Operational Short Work practice 
transactions 

Interoperation Service operation 

 

In Table 22 we have included ‘Type of action’ from Table 20 on perspectives of 
governing in a previous section to indicate that it should be possible to include, or at least 
consider, some of ITILs governance mechanism to be used in collective actions in a 
network environment. In section 9.6 Interoperation and governance of shared information 
infrastructure and work practice, we have used ITILs governance mechanisms for 
operation in order to exemplify our theory and to show that it is possible to apply ITIL 
governance mechanisms for interoperation. 

The conclusion of this comparison of different perspective on governing and the life cycle 
stages of ITIL is that there are many similarities. Thus, on a more general level the ITIL 
model of governance supports the perspectives, we have put forward in section 8.2.4 and 
Table 20. 

ITIL is a developed and detailed guidance for IT service management for a service 
provider. What differs is the scope of application. ITIL is limited to one service provider 
providing IT services to customers, while interoperation involves at least two separate 
organizations that share an information infrastructure to interoperate. These organizations, 
each separately, can use some IT service provider for their share of interoperation and their 
own IT services. 

Governance models for interoperation, similar to ITIL, should be possible to develop, 
taking into consideration the specific conditions and circumstances that exist for 

Perspective Time 
scale 

Scope Type of 
action 
(Network 
governing)  

ITIL 
Governance 
mechanism 
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governance of interoperation which involve several organizations. In any case, a 
governance model for interoperation need to interact with governance models for IT 
service management which are used for managing IT services in each organization. 

The ITIL framework focuses on IT services and not on the work practices in which the 
IT services are used. Despite this, frameworks like ITIL for IT service management would 
surely be an important contribution to a framework for the governance of interoperation. 
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9 A practical theory on 
interoperation and 
interoperability 

One aim with this thesis (se chapter 1) is to contribute with a practical theory on 
interoperation and interoperability which is empirically grounded in the practice of 
improving interoperability in ePrescribing and theoretically grounded in theories about 
information systems, information infrastructures, work practices, network organizations 
and communication. 

This chapter presents a practical theory on interoperation and interoperability. The theory 
is a generalization of experiences and findings in implementing ePrescribing in Sweden 
and improving interoperability presented in chapter 4 and 5. It is theoretically grounded 
based on chapter 2, 6,78, and 8154. 

In section 9.1, we describe the objective with the theory, and in 9.2, we present an 
overview of the main components of the theory to guide the reader. The main concepts 
of the theory are presented in the sections thereafter. 

9.1 Objectives 
In section 1.3, we identified some knowledge gaps for achieving and improving 
interoperability. In chapter 2 we analyzed some weaknesses of existing definitions and 
frameworks on interoperability. We can summarize these gaps and weaknesses as follows: 

• weak scientific basis for interoperability; 
• underlying theoretical assumptions often not problematized and reflected upon; 
• few studies evaluating approaches and methods to achieve, maintain and improve 

interoperability; 

                                              
154 See further section 10.3 and chapter 3. 



 
 

• fragmented views on interoperation and interoperability regarding technical, 
semantical, organizational, and legal perspectives; 

• lack of analysis of the context of interoperation and interoperability, particularly 
regarding the shared work practice. 

This situation is unsatisfactory from research and practitioners point of view. Research 
cannot be accumulated and compared, if there is a weak conceptual and theoretical basis 
for classifying and comparing research results. Practitioners will have less guidance in 
governance, design and implementation of interoperation, and of improving 
interoperability, if the context of interoperation is not clarified. Practical lessons are more 
difficult to share and compare. 

In short, the diverging concepts and frameworks will hamper the growth of knowledge 
in the field. In order to reduce this divergence and ambiguity, we propose a practical theory 
on interoperation and interoperability with the following objectives to: 

• conceptualize the notion of interoperation and interoperability in order to improve 
their conceptual coherence and contribute to a better understanding; 

• analyze the context of interoperation and the factors that influence interoperability; 
• provide a theory that is empirically grounded in the shared work practice of 

ePrescribing; 
• provide a theory that is grounded in relevant explicit theories, which can be contested 

and thus contribute to the growth of scientific knowledge; 
• provide a theory that can guide practitioners in design and implementation of 

interoperation and to improve interoperability. 

The practical theory is targeting practitioners, providing conceptualizations, patterns of 
action, and criteria, to develop and implement interoperation and improve interoperability. 
Another target audience is the research community, informing about relevant research 
areas, theoretical refinements and possible further situational inquiries. 

The theory is not a ready guide or handbook for practitioner to apply. However, such 
guidance could be developed based on the theory and the content in this thesis. 

9.2 Overall guide to the theory 
This section is a guide to the different theory components of the practical theory. 

A practical theory (see section 3.3.3) may consist of the following components: 

• conceptualizations: the existing phenomena, their properties and relations in the 
practice, are generalized. Conceptualizations delimit and define the scope and 
context of the theory; it directs attention to certain phenomena in a situation. 
Conceptualizations are used to explain the basic concepts of the theory and make it 
understandable and useful for organizing empirical material; 
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• patterns: how things may and may not work. Patterns are used to explain how a 
practice works, and what makes sense to do in a situation. Patterns also describe 
actors and their intentions, actions and context of action and outcome of actions in 
a practice. Patterns direct attention to essential patterns of action in a practice; 

• normative criteria: goodness of things. Normative criteria can be used to evaluate 
and design a practice; 

• design principles: descriptions of ways to create good things, i.e. way to achieve 
goals and normative criteria of a practice; 

• models: illustrative crystallizations of a practical theory. 

A practical theory need not have all these components. A minimum requirement of a 
theory is that it should have Conceptualizations. 

The practical theory on interoperation and interoperability has the following 
components:  

• conceptualizations of interoperation, interoperability, shared work practice, 
collective action, and governance, that delimit and define the scope and context of 
the theory; 

• patterns explain the interdependency of interoperation in a shared work practice 
and the collective action to achieve interoperation, the relationship between shared 
work practices, different aspects of interoperation and collective action; 

• normative criteria in terms of concepts and definitions for defining and evaluating 
the capability to interoperate; 

• models illustrating conceptualizations, patterns, and normative criteria. 

Conceptualizations of the theory on interoperation and 
interoperability 
In this section, we focus on the central concepts of the theory. Figure 48 illustrates the 
most important concepts of the presented theory on interoperation and interoperability. 
The intention with the conceptual map is to guide the reader and make the theory more 
comprehensible. 

 



 
 

 

Figure 48 Conceptual map of concepts in the theory on interoperation and interoperability (the central 
concepts highlighted). 
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The core concept of the theory is the definition of interoperation and its context (see 
previous sections 7.1 and 7.10). The concept of a shared work practice is defined and 
elaborated in section 9.3 Interoperation and interoperability in a shared work practice. 

The role of information infrastructure in interoperation is summarized in section 9.3.2. 

In 9.3.2 Interoperation, interoperability, and the role of the information infrastructure, 
the definition of interoperation and interoperability from chapter 7 is recalled and 
elaborated to include the notion of a shared work practice. 

Earlier, we have analyzed three perspectives (strategic, tactical, and operational) on 
governing. Governing, governance, governance mechanisms, and collective action are 
defined in section 8.2 Network governing, governance, and collective action. 

The concepts of collective action and interoperation, and their relationships constitute 
two basic elements of the theory. We briefly formulate them as follows: 

• collective action is a collaborative action between organizations for a common good 
for the development and implementation of interoperation within a shared work 
practice. Collective action creates conditions for interoperation and for further 
collective actions; 

• interoperation is conducted through communication acts to perform and coordinate 
actions (material and communication acts) within a shared work practice mediated 
by an information infrastructure. 

Collective action and interoperation and their relationship is further elaborated in 
sections 9.4, 9.5 and 9.6. 

In section 9.7 Aspects of interoperation, three aspects of interoperation are described: 
work practice action aspect, communication action aspect, and mediating communication 
action aspect.  

Patterns of action in implementing and improving 
interoperability in ePrescribing and its influence on the 
theory on interoperation and interoperability 
Patterns of action explain how a practice works, the actors and their intentions, the context 
and outcome of actions. In this section, we will briefly describe how observed patterns of 
action in the situational inquiry in ePrescribing, feed the generalization of patterns of 
action in the theory on interoperation and interoperability. 

One important finding in the situational inquiry was that interoperability in ePrescribing 
could not be improved only by considering the exchange of messages in the actual 
interoperation. Interoperability was closely linked to implementation of the information 
infrastructure that mediated the communication acts and the implementation of the shared 
work practice, which formed the context for interoperation. 



 
 

In the situational inquiry in ePrescribing, interoperability was found to be the result of a 
whole range of actions and decisions made in the successive evolution of ePrescribing in 
Sweden, and particularly the successive implementation of a complex information 
infrastructure. These actions taken together contributed to improve interoperability in 
ePrescribing (see the case study in chapter 4 Implementing ePrescribing in Sweden – case 
study). In addition, the introduction of a new ePrescription format expressed this pattern, 
with the improved interoperability as the result of a range of actions, decisions, and 
creation of new institutional bodies and other governance mechanisms. 

The conclusion is that interoperability has to be considered in relation to the development 
and implementation of an information infrastructure, shared work practices, and 
governance mechanisms for interoperation. Consequently, a theory on interoperation and 
interoperability has to take into account all these patterns of action in order to fully 
understand and explain the notion of interoperability. These patterns of action are 
explained in sections 9.4, 9.5, and 9.6, using the conceptualization described above. 

Another pattern that emerged from the situational inquiry in ePrescribing (see chapter 4 
and 5) was that, in the early phases, there was a focus mainly on technical aspects of 
interoperation. Furthermore, in theories on interoperability, many research papers 
proposed formal methods, focusing on technical and/or formal semantic aspects, not 
considering the work practice context. Therefore, there was a need to explain different 
aspects of interoperation in more detail. How these aspects interrelate are described in 
section 9.7 Aspects of interoperation  

Furthermore, the case study revealed how dependent ePrescribing was on various 
registers. These registers are continuously managed by a number of supporting work 
practices which we name Infrastructure work practices. In section 9.3.1 and the subsection 
Infrastructure work practices, we explain how the shared work practice uses and depends 
on these registers of shared institutional objects, and how the shared work practices relate 
to the Infrastructure work practices and how they emerge.  

Normative criteria for quality of interoperation 
Normative criteria are criteria for evaluating and designing the goodness of a thing or 
phenomena. The central phenomena in this thesis are interoperation and interoperability. 
In the theory, we provide general criteria and concepts to design for and evaluate 
interoperability. 

In the section 9.3.2, we provide a definition of interoperability that contain the concept 
of effective, efficient, and satisfactory manner of interoperation, which can be used to 
define explicit goals, criteria, and metrics for evaluating and designing ability to 
interoperate. In section 9.7 Aspects of interoperation, we focus on various aspects of 
interoperation, which could be used to guide formulation of quality criteria or assumptions 
about key process drivers to improve interoperability. 
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Models of conceptualizations, patterns, and normative 
criteria 
Models, here meaning visual representations of theoretical concepts, patters of actions and 
their relations, are used to crystallize and illustrate different components and their relations 
in the theory on interoperation and interoperability. 

Table 23 contains a list of the most important models with a short description what they 
intend to illustrate in the theory on interoperation and interoperability. 

Table 23 List of models to illustrate the theory on interoperation and interoperability. 

Figure 48 Conceptual map of concepts 
in the theory on interoperation and 
interoperability (the central concepts 
highlighted) 

The most important concepts in the theory 
on interoperation and interoperability and 
their relation to other concepts are illustrated 
in a conceptual map. 

Figure 49 The context of interoperation The context of interoperation including the 
shared work practice. 

Figure 50 Illustration of a shared work 
practice emerging out of interoperation 
between work practices 

The emerging shard work practice out of the 
needs to interoperate between different work 
practices. 

Table 20 Perspectives of governing The relationship between different 
perspectives on governing regarding time 
scale, scope of practice, type of action, 
activities, and governance mechanism. 

Figure 55 Relations between collective 
action, shared work practice, and 
interoperation 

The relationship between collective action, 
providing shared work practice, governance 
mechanism, and an information 
infrastructure for interoperation.  

Figure 56 The context of 
communication acts in interoperation 

The context of the communication act 
illustrated to explain the selection of 
different aspects of interoperation. 

Figure 57 Aspects of interoperation in 
a shared work practice 

Aspects of interoperation such as work 
practice action, communication action, and 
mediating action. 

  

Model Illustrates 



 
 

9.3 Interoperation and interoperability in a 
shared work practice 

This section develops further the analysis of the context of interoperation with a focus on 
the shared work practice. The concept of the shared work practice is then integrated in our 
definition of interoperability.  

Figure 49 illustrates the context of interoperation including the shared work practice. 

 

Figure 49 The context of interoperation. 

Interoperation155 is actor’s use of communication acts, mediated by an information 

infrastructure, to perform and coordinate actions in a shared work practice. Interoperation 

                                              
155 See also section 7.1 and 7.10. 

Mediated, non-personal, prescriptive setting

Speaker Addressee

Communal common ground

Communication 
acts

Information infrastructure

Shared work practice

Perform and coordinate
actions within

Mediated by



 

 
 

A practical theory on interoperation and interoperability 

is based on a communal common ground [261], which is the sum of mutual and common 
beliefs, knowledge, and suppositions in the community of the shared work practice. 

The communication acts in interoperation are taking place within a practice setting, 
which is different from basic face-face communication. This setting can be summarized 
as mediated, non-personal, and prescriptive156. 

In the following, we will define what we mean by a shared work practice, how and why 
it emerges out of a need by the actors in interoperation. We develop on the infrastructural 
and transactional conditions of the shared work practice and the need for governance 
mechanism to manage the interoperation. 

Moreover, we discuss the following aspect of the shared work practice:  

• boundaries of the shared work practice and its relation to other work practices; 
• relations of the clients to the shared work practice; 
• exchange in a shared work practice; 
• aspects of sharing; 
• governance mechanisms in a shared work practice; 
• interdependence of generic and local practices; 
• distribution of time and place of actions in a shared work practice; 
• infrastructure work practices; 
• use of information infrastructure as the main instrument for mediating 

interoperation. 

Finally, we recall (from 7.10) and refine our definition of interoperability. 

 Shared work practice 
Following and extending the definition of a work practice by Goldkuhl and Röstlinger 
[63], we define a shared work practice as follows: 

A shared work practice means that actors from at least two interrelated work practices 
mutually make something in favor of other actors, this acting is initiated by 
assignments from some actors, and is performed in distributed time and place and in 
some manner, and is based on shared material, immaterial and financial conditions of 
transactional and infrastructural character, and a shared work practice capability, 
which is mutually established and continuously changed. 

 

                                              
156 See 7.8 for a more in depth description of this setting. 



 
 

 

Figure 50 Illustration of a shared work practice emerging out of interoperation between work practices 

The need and emerging of shared work practices 
A shared work practice is more than an addition of individual practices or habits. The 
shared work practice emerge out of the needs of the actors to interoperate and are an 
accomplishment of the members in the interrelated work practices that interoperate 
through the shared work practice [68] (see Figure 50). Reimers et al [299] proposed a 
somewhat similar view of on what they call a “constellations of practices” in the 

framework they propose for what they name Inter Organizational Information Systems 
(IOIS): 

“This framework view IOIS as constellations of practices that are linked through specific 
boundary structures such as common data formats.” [299] 

Confer also Reimers and Johnston [315] discussing persistence and resilience of IOIS 
applying practice and structuration theory. They claim that an IOIS is not only structure 
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but also use, and therefore there is a need for encounters157 and brokering in order to make 
the process survive and adapt in front of environmental changes that are bound to happen. 
These activities tend to become work practices in themselves over time and become 
boundary practices.  

This need to make the interoperation survive and adapt (in short and long term) is one 
important basis for a shared work practice. 

The evolution of ePrescribing in Sweden illustrates the emerging of a new 
interdependency and information infrastructure from what initially was merely seen as 
sending an electronic message from the health care agents to the pharmacies. This became 
more obvious when the electronic prescription increased in importance from small 
pioneering experiments to become the major method and even the role model for 
prescribing medical drugs in outpatient care. This pointed early to the need to create a 
governance of this interdependency, i.e. creating and defining transactional and 
infrastructural conditions for the shared work practice of ePrescribing. 

Transactional and infrastructural conditions for shared work 
practices 
The actors in a shared work practice share some transactional and infrastructural 
conditions158. In the following, we use the definition made by Goldkuhl and Röstlinger 
[63] of work practice conditions, applying them to the context of interoperation in a shared 
work practice using information infrastructures. 

 

                                              
157 Encounters involve representatives from different connected practices to negotiate meanings, norms 

and coordination of actions. These encounters could lead to modified behavior and a better alignment of 
the practices. Brokering is an activity to bring knowledge and understanding from one practice to another. 
It can be done by members that cross the boundary of practices or develop an understanding of other 
practices due to frequent encounters. 

158 For a definition of these conditions see 2.2.2 Work practices, information systems, and information 
infrastructures. 



 
 

 

Figure 51 Conceptual map of the relation between governance mechanisms and transactional and 
infrastructure conditions for a shared work practice of interoperation. 

See Figure 51 for a conceptual map that focus on important concepts related to 
infrastructure and transactional conditions for interoperation, 

Infrastructural conditions are of various types such as base assignments, base capital, 
norms, guidelines, instruments, descriptions, and practice judgments. Infrastructure 
conditions are used to support and manage recurrent work practice transactions. 
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The main instrument159 for mediating interoperation is the information infrastructure. It 
is not only a passive tool because it can itself provide infrastructural conditions, expressed 
in inscribed behavior of the information infrastructure. The inscribed behavior of the 
information infrastructure could provide infrastructure conditions such as: 

• base assignments in the form of role and resource assignment, and product 
repertoire; 

• guidelines in the form of automatic actions or suggestions for action; 
• description of objects used to make decisions for action; 
• norms in the form of explicit quality criteria for transactions and the shared work 

practice; 
• judgments of the work practice and transactions in the form of evaluations or 

warnings. 

Base assignments, norms, guidelines, descriptions, and judgments, that are not inscribed 
behavior of the information infrastructure, are manually inscribed in the infrastructural 
conditions of the work practice. 

Transactional condition (see section 2.2.2 and [63]) consists of product assignments, 
substances (material/descriptive), judgments, and compensations. A product assignment 
is what initiates or conditions160 a transaction in a work practice. In our context of 
interoperation, we view it as the communication act that initiates or conditions a 
transaction in the work practice. The communication act produces a substance 
(descriptive), in our context a message, which expresses the communication act. Thus, 
product assignment and substance are initiating conditions (Figure 51). Judgments from a 
transactional perspective are judgments made about a specific transaction. Compensations 
are possible financial compensation related to a transaction. In the following, we will make 
an analysis of boundaries of a shared work practice and their link to initiating conditions. 

Boundary action and boundary objects of a shared work 
practice 
Earlier, we have defined that a shared work practice emerges when at least two interrelated 
work practices mutually make something in favor of other actors. A question that arises is 
what actions are shared in the work practice and what actions are (more or less) 

                                              
159 Information systems and information infrastructures are not merely general tools but are embedded 

in and part of the work practices.  

160 A product assignment may not always immediately initiate a transaction with has a direct effect on 
the actors like in a chain of events. It can also initiate a transaction (in our case issuing a prescription) that 
constitutes a condition for future actions. Thus, a transactional condition may create conditions for other 
transaction to be initiated. 



 
 

independent actions in the related work practices, i.e. what are the action boundaries of 
the shared work practice? 

Defining boundaries of a shared work practice is not a trivial task as they reach over 
organizational and work practice borders. The boundaries are often implicit and can 
change over time. When we discuss boundaries of a work practice, we focus first on the 
coordination of actions, not on the production of value for clients. The latter is of course 
a very important normative aspect for the work practice. However, it is not the point of 
departure in defining the boundaries of a shared work practices. The reason for this is that 
we are primarily interested in interoperability, not primarily factors that influence the 
efficiency in producing value for clients although interoperability is important in order to 
achieve this. 

Boundaries are linked to transactional conditions in the shared work practice. When we 
refer to product assignment as one transactional condition in the work practice theory, we 
focus on the communication aspects. We view them as the communication act that initiates 
a transaction in a shared work practice. 

We think it is important to focus not only on the boundary object, i.e. the outcome of an 
action, but also on the communication act that produces it and its context. If we only focus 
on the outcome, we will miss all those factors that influences the final content and thus the 
quality of communication acts161. This is essential for interoperability. 

Thus, we make a distinction between boundary objects162 which are outcome of actions 
and boundary actions which are the communication acts initiating transactions in a shared 
work practice. Boundary actions can be difficult to identify, as they may not refer to a 
visible object or an overt action. Nevertheless, they are important to identify. One way to 
do this is to analyze under which conditions the boundary objects are produced. 

Goldkuhl [316] develops a model of action which has three stages: (1) pre-assessment, 
where the actor is confronting a situation and perceives the environment and different 
possibilities for action, (2) intervention is the action directed towards the outside world. 
After the intervention, the actor makes an assessment of the results and effects of the 
intervention, which is the (3) post-assessment stage. 

Goldkuhl discusses [316] whether these stages are part of one action or if there is a need 
to make a distinction of different phases as actions in themselves. This depends on the 
nature of the phases and the granularity of the analysis. For example, whether pre-
assessment is closer to an inquiry and not instantaneous. It also depends on the motives 
for the analysis of the action. We agree with this, with the consequence that there is no 
strict objective way to define the boundary actions of a shared work practice. 

                                              
161 See section 6.4 for an analysis of exchanges in an ePrescribing work practice and 6.5 for an analysis 

of the context of communication. 

162 See section 2.2.3 for explanation of the notion of a boundary object. 
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Regarding the completion of the shared work practice, we regard reception and 
interpretation of communication acts as acts in themselves. From this, we can analyze 
those boundary actions that conclude a shared work practice.  

Below, we will give an example from ePrescribing how one can define boundary actions 
in a work practice. 

In ePrescribing, what initiates the shared work practice can be analyzed as the act of a 
treatment decision involving a specific medical drug (for outpatient care), by the prescriber 
in cooperation with the patient. This decision is based on a patient inquiry. Thus, we view 
these as distinct actions: patient inquiry and decision on treatment. The outcome of the 
decision is a treatment involving a medical drug. The treatment decision involves a new 
pre-assessment of possible medical drugs, dosage, and effect on the patient. The prescriber 
communicates this decision or proposal for treatment with the patient. The next step is to 
formulate a prescription. Thus, there is a chain of actions that prelude the formulation of 
a prescription. Whether they are included in the analysis depends on the motive of the 
analysis. In this case, we want to analyze those factors that may influence the quality of 
the prescription content and thus influence the interoperability of the shared work practice. 
We decide that the boundary action will be the decision to initiate a medical treatment with 
a specific medical drug. 

Next step is the formulation of a prescription to be issued and available to the pharmacies 
in the pharmacy market. When formulating the content of the prescription, the prescriber 
has to consider all guidelines how to prescribe, norms such as prescription rules in 
alignment with legislation, and recommended pharmaceuticals, professional judgment, 
descriptions of medical facts. The prescriber has to use the shared information 
infrastructure (the IT-artifacts at hand, i.e. the Application Infrastructure) in order to 
formulate and issue the prescription. The outcome of this first phase of ePrescribing is an 
accepted (if valid) and issued ePrescription, which authorizes the pharmacies to dispense 
this prescription at the request of the patient. Thus, ePrescribing is a constellation of work 
practices that have become a work practice of its own. See Figure 52. 

 



 
 

 

Figure 52 Shared work practice of ePrescribing as a constellation of work practices, each of them having 
a relation to the patient/customer. 

Serving of clients and relations in a shared work practice 
The definition of work practice by Goldkuhl and Röstlinger states that actors make 
something in favor of other actors. These other actors are clients for the work practice. 
The goal for a work practice is to produce some results for a client. In the definition above, 
we stated that this is also valid for a shared work practice. Thus, the reason for a shared 
work practice is to produce results for clients, whether directly related to the shared work 
practice or indirectly to the interrelated work practices that uses results from the shared 
work practice, see Figure 53. Interoperation is not an end in itself, it exists to achieve 
something for someone. 

Thus, a shared work practice can serve clients in other related work practices and 
common clients of the shared work practices. This is the case with the ePrescribing work 
practice (Figure 52). The patient, i.e. the client in the work practice Medical treatment 
outpatient care, has a relation with the prescriber. The patient, i.e. the client in work 
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practice Pharmaceutical Care163, has a relation to the pharmacist, offering dispensing of 
medical drugs (prescribed or Over-The-Counter (OTC)), counseling, and other services. 

The patient is the ultimate client of the shared work practice. Apart from getting benefits 
of medical treatment and pharmaceutical care, ePrescribing is issuing a prescription, which 
is an option for the patient to use on her will and request. The prescription can also contain 
a promise to pay medical benefits. Thus, the shared work practice creates a value for the 
patient (see 6.6.2 Elements of a practical theory on ePrescribing). 

Summarizing: The ePrescribing work practice gives the patient some rights and 
opportunities depending on the design of the shared work practice. It gives the right to the 
patient to get a prescription filled in various ways. May it be by making a prescription 
order on the issued prescription at a legal internet pharmacy chain and get it delivered at 
home, or by going to any local pharmacy to get the prescription filled there. In Sweden, 
the patient can get access to the pharmacy register (via the internet or at the pharmacy), 
which register all dispensing of prescriptions to get a complete list of dispensed 
medications. The patient can also give permission to a prescriber to access the pharmacy 
register. 

Generalization of ePrescribing work practice 
In Figure 53, we have made a generalization of ePrescribing from Figure 52. 

 

                                              
163 Helper and Strand [317] define (an extract) Pharmaceutical care as: “… the responsible provision of 

drug therapy for the purpose of achieving definite outcomes that improve a patient's quality of life. … 

Pharmaceutical care involves the process through which a pharmacist cooperates with a patient and other 
professionals in designing, implementing, and monitoring a therapeutic plan that will produce specific 
therapeutic outcomes for the patient. This in turn involves three major functions: (1) identifying potential 
and actual drug-related problems, (2) resolving actual drug-related problems, and (3) preventing drug-
related problems. Pharmaceutical care is a necessary element of health care and should be integrated with 
other elements. Pharmaceutical care is, however, provided for the direct benefit of the patient, and the 
pharmacist is responsible directly to the patient for the quality of that care.” 



 
 

 

Figure 53 Shared work practice and the interrelated work practices serve different or common clients, 
which have their own relation to each work practice. 

Work practice A (Figure 53) is linked to Medical treatment in outpatient care (Figure 
52). The ePrescribing work practice is a subset of work practice A communicating with 
another work practice B that is about Pharmaceutical care. ePrescribing is the shared work 
practice between work practice A and B. 

Exchange in a shared work practice 
From this generalization of ePrescribing into a shared work practice, we can continue to 
analyze the exchange within this work practice. We propose to combine the Generic 
Exchange Model (GEM) 164 and the Action workflow approach [71] to analyze the 
business exchange from initiation to completion as interconnected loops. This type of 
model is useful when several clients are involved or when there are different producer-
client relationships involved for the completion of the work practice. This is the case with 

                                              
164 See further section 6.4.4 for an analysis of the ePrescribing work practice using a Generic Exchange 

Model (GEM) and how the exchanges in the different work practices are linked. 
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ePrescribing where we have three pairs of relationships: Prescriber – Patient, Pharmacy – 
Customer (patient or representative), and Prescriber – Pharmacy. 

See Figure 54 for an illustration of the model, which contains both general elements and 
specific elements from ePrescribing. 

 

Figure 54 Model of exchange between work practices using a Generic Exchange Model [73, 74] and 
concepts from Action Work flow by Winograd, Flores et al [71]. 

The model in Figure 54 has an initiation phase in the subset of work practice A (Subset 
of WP A) with actions that relate to prescribing of medical drugs. The initiation phase of 
this subset work practice is also the initiation of the shared ePrescribing work practice. In 
Figure 54, all the phases with unbroken lines belong to the shared work practice. The 
reason why the completion phases are not included in the shared work practice is that these 
phases are about assessments of the delivered service or product. From the Prescriber - 
Patient point of view it is about evaluation of the effects of the patient’s medical treatment. 
The Pharmacy - Customer relation is about evaluation of delivered medical drug and 
accompanying information and services. In the future, it can very well be that the shared 
work practice will widen to encompass also the consumption of the medical drugs and its 
effects on the patient with integration of medical devices into the shared information 
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infrastructure165. This can lead either to a redefinition of the ePrescribing work practice or 
to a new shared work practice, where the pharmacies are much more involved in the 
medical treatment of the patient. It could also involve other producers like home care by 
the municipality or private caregivers. 

The completion phase of the shared work practice is the incorporation and recognition 
of the ‘Boundary object 2/Prescription fill’, which completes the actions in the shared 
work practice. 

A shared work practice starts with initiating actions producing boundary objects and 
completes with immediate consequential actions upon the reception of boundary objects. 
These initiating and completing actions of the work practice is the boundary of the shared 
work practice in terms of boundary actions. 

Figure 54 also illustrates that in the case of ePrescribing, the shared work practice has a 
triadic relationship among producer – client - producer (in work practice A and B), i.e. the 
shared work practice serves in this case a common client. In a shared work practice, there 
can be a clear producer - client relationships, but also like in ePrescribing more of a give 
and take situation serving each other, like the relation between the prescriber and the 
pharmacist at the pharmacy, which is a producer – producer relation, with the patient as 
the ultimate client. 

Aspects of sharing in a work practice 
A shared work practice emerges out of a need to make interoperation survive and adapt in 
the short and long term. In the preceding section, we have analyzed boundary actions and 
objects, in other words what actions and objects are shared in the work practice. We gave 
some suggestions how to conduct such an analysis. 

Recalling the definition of a shared work practice, there are also other types of sharing 
in interoperation, such as sharing of: 

• resources (financial, human) and information infrastructure services: 
o may be shared to various degrees, from each participant in the network 

financing resources themselves to commonly financed and governed 
resources; 

• objectives and benefits: 
o objectives and expected benefits may to various degrees be shared; 

• knowledge and communal common ground; 
• governance of the shared work practice. 

                                              
165 With the development of cheaper sensors to register physiological data, serialization of medical 

packages to enable tracking, DNA marking of single pills and “smartphones”, all integrated to an 

information infrastructure of “Internet of Things” will enable to stretch the boundaries of the shared work 
practice and pose new challenges to interoperability. 
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Sharing can either be explicitly recognized or understood by the actors or be implicit and 
less well understood. If implicit, sharing may come to the fore when interoperation is 
malfunctioning. 

The degree of interdependence in interoperation influences what is shared. 

A low complexity interdependence is at hand for example when interoperation use simple 
(single function) and well-defined communication acts. In this case, there is less need for 
sharing of clients, objectives, knowledge, or resources. 

One example of a low complexity interdependence is in a less regulated market where 
there are few commitments between the actors or few restrictions and little control by 
authorities. 

A high complexity interdependence is at hand in a highly-regulated market and when 
communication acts are more intertwined, multifunctional and dependent, and there are 
common clients, sharing of resources, and knowledge. 

In more regulated markets, like the pharmacy and health care market, interoperation has 
to a higher degree take into account legislation, agreements, controls, sharing of clients, 
and objectives, et cetera. 

When interoperation is based on more developed shared knowledge and beliefs it implies 
the need to work more consciously and actively in establishing and developing the 
communal common ground for interoperation (see 7.6 Common ground for 
interoperation). 

When interoperation has a certain volume, and is critical for the delivery of service to 
clients, shared governance of the work practice becomes a more urgent need. 

Governance mechanism in a shared work practice 
In the context of interoperation in a shared work practice, governance mechanisms166 are 
an important dimension of infrastructural conditions. Thus, we complement the work 
practice theory with governance mechanisms as one important dimension167 of 
infrastructure conditions. Governance mechanisms are means to control and direct the 
work practice168. 

Tengblad [318] describes two main philosophies in management theories: rational and 
normative management philosophy. The rational view, focus on rational decision making, 

                                              
166 Goldkuhl and Röstlinger do not explicitly focus in their work practice theory on governance 

mechanisms as a dimension of infrastructure conditions. The focus is more on resources, knowledge and 
instruments, although elements of governance mechanism can be found in their theory. 

167 Other dimensions of infrastructure are knowledge, experiences and resources.  

168 Here we deal with the operational governance of the work practice. There are other perspectives on 
governance that is important. See section 8.2.  



 
 

planning and governance by rules and routines. The normative view, focus on governance 
through common norms and values. According to Tengblad [318], these management 
philosophies are not diametrically opposed but are different aspects of governance. Work 
practice governance is a combination of elements from both philosophies. Using these 
views on governance, rational and normative, we have ordered relevant infrastructural 
conditions of the work practice theory in two categories of governance mechanisms: 

• rationally oriented governance mechanisms: 
o prescriptive guidelines for actions; 
o base assignments such as resources and role assignments and assignment of a 

product repertoire; 
o descriptions of facts used in making decisions for action; 

• normatively oriented governance mechanisms: 
o norms that define values and goals to be reached; 
o judgments on how to evaluate goals and actions. 

Intra-organizational work practices usually have governance mechanisms of a more 
traditional, hierarchical nature169. These governance mechanisms are not applicable in an 
inter-organizational setting and have to be complemented with governance mechanisms 
that are based on building networks, relations, and trust [319-321]. Thus, governance 
mechanisms for interoperation are a result of social interaction and agreements between 
the actors. This suggests that a normative view on governance is useful as well as a rational 
focus on rules and routines. These norms and other governance mechanisms (guidelines, 
assignments, et cetera.) has to be established and codified as agreement or contracts, not 
as directives, rules or goals communicated from above by already established institutional 
bodies of an organization. See further section 8.2. 

Generic practice and local instance of practice 
A generic work practice could be valid for a whole region or national state, regulated by 
legislation and common practices. However, interoperation is always taking place in a 
local instance of a practice. This means that the generic practice is interpreted and 
implemented by agents in the local context. This increases the complexity in implementing 
and sustaining a generic practice170.  

Distribution of time and place 
Compared to a local practice within an organization, where actions usually are made in a 
relative proximity in time and place, shared work practices usually have actions that are 

                                              
169 See for example Weill & Ross [309] notion of governance archetypes in IT governance of a typical 

hierarchical kind: Business monarchy and IT monarchy. 

170 In chapter 4 Implementing ePrescribing in Sweden – case study, we described how the actors used an 
implementation model to work locally to implement ePrescribing. 
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separated in time and place. This is what we mean by actions distributed in time and place. 
See further section 7.8.2 for a definition of a mediated, non-personal and prescriptive 
communication setting for in interoperation. 

Shared work practice capability 
Actors in a work practice are assumed to share their experience and capabilities and form 
in this sense a community of practice. [80, 322] A work practice relies on an established 
capability to achieve its goals. One important aspect171 of work practice capability is the 
accumulation of the actors’ individual knowledge and the institutionalized knowledge of 
the work practice. The establishment and evolution of this capability through learning and 
experience is challenging in a shared work practice which is distributed cross 
organizations and professional communities. [69] 

Capability could be a potential capability, which could for example could mean that the 
ePrescribing work practice has the potential capability through its information 
infrastructure and other infrastructural conditions, to formulate, transfer, and create 
ePrescriptions aimed for the pharmacies in the pharmacy market, and being accessible to 
all pharmacies to be used for dispensing prescribed medical drugs to the patients.  

Exercised capability refers to demonstrated qualities of this capability in terms of values 
such as fast, safe, correct, reliable, transparent, readable, et cetera. Thus, a shared work 
practice potential capability for interoperation will influence the quality of this 
interoperation – interoperability. The potential capability to interoperate can be viewed as 
key process drivers influencing the quality of interoperation. (See further section 7.10.2) 

Infrastructure work practices 
A work practice can also produce a common good that is in favor of a whole community 
or society. This is the case with infrastructure work practices that provide and manage an 
information infrastructure that can be used by many other work practices. 

One important infrastructure work practice for the whole health care sector is the 
administration of the medical drug repository by authorities and the pharmaceutical 
industry and its communication by the Swedish eHealth Agency. The Swedish eHealth 
Agency administers together with other stakeholders a number of registers that are 
absolutely essential for other work practices like the ePrescribing work practice.  

Thus, we are facing a situation where there are complex structures of different work 
practices that serve other work practices. This illustrates the interdependence between 
different work practices in a network of shared work practices. 

One important type of infrastructure work practice is those that manage shared 
institutional objects. A typical infrastructure work practice is the management of various 

                                              
171 Other aspects are resources and financial conditions. 



 
 

repositories such as medical drug, pharmacies, prescribers, work place, mandate and 
population register. These registers are managed by authorities or other shared 
organizational resources. These infrastructure work practices can be rather complex and 
are necessary for other shared work practices that are more oriented towards producing 
results for clients. In this sense, the infrastructural work practice has a supporting function 
(see Porters value chain [323]). The infrastructural work practice interacts and coordinates 
its work with other work practices and in this sense, there emerges a shared infrastructure 
work practice. 

 Interoperation, interoperability, and the role of 
the information infrastructure 

In the previous section, we developed our concept of a shared work practice which 
emerges out of the need to cooperate and coordinate action in interoperation. We add this 
aspect in our definition of interoperability in the following way: 

Interoperability is the exercised capability of organizations through their agents to 
interoperate in a shared work practice in an effective, efficient and satisfactory manner 
based on a common ground in a mediated, prescriptive and non-personal communicative 
setting using an information infrastructure for mediating interoperation. 

By the mediating role of an information infrastructure, we mean that it serves as an 
intermediate agent (for formulating, evaluating, transferring, storing, converting, 
performing, presenting, et cetera.) of the communication acts between actors in 
interoperation. 

The mediating role implies that the information infrastructure is not only a passive media 
for interoperation but it is also an active agent performing communication acts on behalf 
of an actor so that they take effect. An information infrastructure completes the 
communication acts on behalf of an institutional agent, for example of a bank statement 
or of issuing an ePrescription, without which it will not exist or have an effect in the world. 
The information infrastructure has also an active role in the formulation and presentation 
of the communication acts. Thus, with mediation, we do not merely mean passively 
relaying a message, but an active agent that is involved in many aspects of the 
communication acts. 

9.4 Collective action and interoperation 
Based on the preceding sections on interoperation and interoperability in a shared work 
practice, and on the elaboration of governance and collective action concepts made in 
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chapter 8, we aim in this section to integrate these concepts into one model illustrating 
their relations (see Figure 55). 

 

Figure 55 Relations between collective action, shared work practice, and interoperation. 

The model contains two parts: interoperation and collective action. 

Interoperation is actors use of communication acts, mediated by an information 
infrastructure, to perform and coordinate actions in a shared work practice. 

Collective action is the development and implementation of interoperation. 

In our definition of interoperability, we used the term exercised capability to emphasize 
that interoperability is an operational quality. This capability does not come about by itself 
but are influenced by many factors. We have in section 7.10.2 Defining goals, criteria, 
and metrics for interoperability showed how one can set goals, choose criteria, and metrics 
for design and evaluation of interoperability. 

Thus, capability can be viewed either as planned, potential, or exercised capability to 
interoperate. A planned capability to interoperate is something to be achieved, an 
objective. Potential capability is something that is implemented and ready to be used. 
Exercised capability is the actual demonstrated capability. Exercised capability can be 
measured in relations to expected outcomes, to specifications and actors’ expectations. 
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This view gives two perspectives on interoperation: existing interoperation and planned 
future interoperation. 

To achieve a planned capability to interoperate in the future between different 
organizations and communities, it is necessary to engage in a collective action. [95, 298] 
We have defined collective action (see 8.2.3) as an action that requires two or more entities 
to coordinate their efforts to achieve a common good. In this thesis, collective action is 
about development of a future process of interoperation and can have a strategic and 
tactical perspective. The activities in the collective action are about developing and 
implementing a shared work practice (and also creating conditions for further collective 
action) with a particular focus on the information infrastructure and governance 
mechanisms for interoperation with a targeted planned capability to interoperate. 

Development is a collective action of design and maintenance of all172 the necessary 
components of a working information infrastructure and governance mechanisms for the 
shared work practice. This includes such activities as to prepare change of existing work 
practices, all preparatory work needed for implementation from a technical and work 
practice point of view, and the design of all necessary governance mechanisms. 

Implementation is a collective action for planning, staffing, and organizing the transition 
of information infrastructure functionally, including all additional components needed for 
operation, into operational use and the establishment of shared work practices, including 
governance mechanisms. 

The exercised capability to interoperate (interoperability) in a shared work practice is the 
capability to support real time communication acts (from its initiation to its completion) 
between the participants in an effective, efficient and satisfactory manner. 

To summarize: 

• collective action is a collaborative action between organizations for the 
development and implementation of a shared work practice with a particular focus 
on information infrastructures and governance mechanisms with the following 
perspectives: 

o strategic: 
▪ develop strategies and conditions for further collective action; 

o tactical: 

                                              
172 This is inspired by concepts like Concurrent Engineering: “Concurrent Engineering is a systematic 

approach to the integrated, concurrent design of products and their related processes, including, 
manufacturing, and support. This approach is intended to cause the developers from the very outset to 
consider all elements of the product life cycle, from conception to disposal, including quality, cost, 
schedule, and user requirements.” [324] see also [115] 
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▪ develop, implement a shared work practice with essential 
infrastructure conditions such as: 

o information infrastructure as main instrument for 
interoperation; 

o governance mechanisms for interoperation and 
collective action for future maintenance of 
interoperation; 

- interoperation is conducted through actors use of communication acts, mediated by 
an information infrastructure, to perform and coordinate actions in a shared work 
practice. 

Collective action provides the infrastructure conditions for interoperation. 

9.5 Collective action and governance 
In this section, we will give some examples of actions and governance linked to collective 
action at strategic and tactical level to concretize the elements of the theory. For concrete 
examples from ePrescribing in Sweden, we refer to chapter 4 and 5 and section 8.1 and 
8.3. Confer also section 8.2.4 for perspectives on governing, governance and collective 
action. 

 Strategic actions and governance 
Here follow some examples of activities and related governance mechanisms linked to 
the strategic perspective. 

Develop, implement, and maintain vertical standards 
To develop, maintain and agree on vertical standards defining the content and process of 
the exchange or if standards are not used, industry or vertical agreements for exchange are 
an important example of collective action. (See section 8.3)  

These collective actions are usually made in liaison with third party organizations, which 
could be a representative for a standard in a country or a region and commonly a 
representative for the community of parties in a business sector using an implementation 
of a standard. 

Working and reference groups are often used for this work, which usually are made up 
of experts in the standard for exchange and expert practitioners who have knowledge of 
the business process involved173.  

                                              
173 See further section 2.3 Standards for a description on the difference between development and 

diffusion of horizontal and vertical standards and the need for collective action in vertical standards 
development and diffusion. 



 
 

The implemented standards or other type of agreements - on different levels such as 
international, regional, national, communal, multilateral - results in agreements between 
the involved parties. These agreements on the use of vertical standards and the 
organizational bodies and communities involved are important governing mechanisms. 

Participate in and follow development of standards 
To participate in or follow the development of various standards (horizontal and vertical), 
policies and legislation are likely to have an influence on future interoperation and 
information infrastructure. This can be carried through by each organization separately of 
by third party organizations representing the interest of a community. 

Common policies on technical standards 
To agree on common policies of application of technical (typically horizontal) standards 
or methods used in the exchange is important actions. This could include plans for 
migration, for example from EDIFACT to XML, or X.400 to Web services, to achieve 
common goals in agreed policies. The resulting agreements, plans, and policies are 
important governance mechanisms. 

Governance mechanisms for future collective action 
Creating governance mechanisms to support and continue the development and growth of 
the information infrastructure in the long term is important. Example of governance 
mechanisms can be network organizations (see section 8.2.1) that have the task to 
coordinate efforts, needs and interest of a community, or long-term funding that could 
facilitate growth of interoperation and information infrastructure. 

Develop information infrastructures that are useful for a 
sector or part of the society 
General information infrastructures that can be used in a sector or part of the society are 
an essential part of creating pre-conditions for collective action to implement shared work 
practices for interoperation. Of particular importance is the development of identifiers and 
registers of important institutional objects such as actors, products, resources, locations, 
and agreements – which are useful and essential in a shared work practice. The 
development of such information infrastructures is a long-term process. The accumulation 
of such infrastructures over time could together facilitate new opportunities for collective 
actions. 
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Legal, political, and socio-cultural conditions for collective 
action 
Legal, economic, political, and socio-cultural issues influence the ability for collective 
action and are part of a strategic perspective on interoperation. 

 Tactical actions and governance  
Development and implementation in the medium term (tactical perspective) involve 
various actions and governance. This section provides some examples. 

Joint projects to develop, improve and implement 
interoperation 
Joint projects within a sector, must deal with issues to achieve interoperation between 
parties (see below). Previous results from strategic collective actions can be used in these 
activities, such as policies and approaches to implementation of standards or agreements, 
as well as existing network organizations, change of legislation, funding principles, et 
cetera. Joint projects to achieve interoperation are challenging particularly when there are 
few experiences and good examples in a sector. Experience and a culture that support 
cooperation and trust are important. The existence of networks or other organizational 
bodies are also important to initiate and promote joint projects. 

Governance mechanisms for change and maintenance of 
interoperation 
Maintenance and change of interoperation are parts of a continuous improvement of an 
existing process of interoperation. 

In order to measure interoperability 174 it is necessary to set up some quality criteria and 
metrics. Measurements could be collected in validation and control of messages in the 
production flow, as well as from reports of shared event, incident and problem 
management processes, and from inside each participant organization. They could also be 
collected making other evaluations such as evaluation of user interfaces, measurement of 
quality of content that cannot be made using computational methods, measurement of 
attitudes toward the interoperation, et cetera. These metrics are dependent on the 
objectives set up for the interoperation to measure effectiveness, efficiency, and 
stakeholder’s satisfaction. See 7.10.2 Defining goals, criteria, and metrics for 
interoperability. 

                                              
174 See chapter 5 Improving interoperability in ePrescribing – a field study for an example how one can 

measure the quality of interoperation. 



 
 

Another aspect of the maintenance of interoperation is the implementation of changes in 
the information infrastructure, shared work practice, and related work practices, which 
could be the results of continuous improvement but also due to request for new 
functionality. This could be implementation of new or modified exchanges of standardized 
messages, changes in specifications, testing of interoperation for new systems or parties, 
new routines for support, and new shared work practice rules, et cetera.  

Design and implementation of governance mechanisms for 
interoperation 
In order to handle interoperability errors in the operational environment, there must exist 
a process for trouble shooting, taking actions, communicate information, and activation of 
emergence routines et cetera. This process is both an “in-house” process and a shared 

process for operational governing of interoperation. Usually there are special teams 
engaged, which have knowledge of the shared process. See below in section 9.6 
Interoperation and governance  for more developed examples of operational governance. 
It is important that operational governance is designed and implemented alongside with 
the design and implementation of the information infrastructure. 

Joint management of agreements 
The shared processes agreed upon in interoperation results in a number of documented 
agreements. These agreements have to be managed to include changes and renegotiations, 
in order to be up to date. Typical agreements are: 

• communication agreements, such as EDI-agreements; 
• business and validation rules related to the exchange, such as how to handle invalid 

content, for example orders with delivery date to far ahead, rules for control 
(accept/reject) of the exchange; 

• framework-agreements regulating business conditions for the interoperation. 
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9.6 Interoperation and governance of 
shared information infrastructure and 
work practice 

We have highlighted the role of governance mechanisms of the shared work practice and 
particularly of the information infrastructure as one of the most important dimension of 
infrastructure conditions for interoperation. In this section, we will describe some 
important governance mechanisms for interoperation within a shared work practice. 

It is common that governance mechanisms for interoperation are viewed as each actor’s 
responsibility. It is thus important to acknowledge the need for a shared governance of 
interoperation.  

We will first focus on governance of the information infrastructure from a technical point 
of view, and then on governance of the shared work practice. 

 IT service operation in a shared work practice 
For the management of the delivery of IT services, there are practices developed for each 
organization to adopt (see 8.4 Network governance, IT governance, and IT service 
management). 

The Information Technology Infrastructure Library (ITIL) framework is a wide spread 
practice for IT service management within an organization. 

ITIL´s IT service management contains several process (see 8.4), where the process 
service operation [314] is defined as the one that carries out operational tasks. Table 24 
gather some processes in the ITIL process service operation and give examples how it 
could be expanded for shared governance, which supports sustainable interoperation on a 
technical level. 

Application management is not part of the IT service operation process. It is included 
here because one part of the life cycle of application management is about qualifying and 
deploying changed or new application functionality into operation, directly or indirectly 
affecting the interoperation. In the ITIL vocabulary, it is part of the service transition 
process. This aspect is very important for maintaining the quality of interoperation, to have 
governance mechanism for transition of IT-applications and their support infrastructures 
to be part of the production environment of the information infrastructure for 
interoperation.  

Note that we here assume the IT service operation as a shared process between 
organizations and within each organization. 

  

http://wiki.en.it-processmaps.com/index.php/ITIL_Service_Operation


 
 

Table 24 Illustration of IT service operation (ITIL) expanded to the scope of managing interoperation in 
a shared work practice. 

Process Description Example of shared 
governance mechanisms 

Event management Monitor critical events in 
IT-services to alert for 
actions. 

Shared event management on how 
to monitor, act on and 
communicate alerts. Shared and 
agreed alert limits among the 
participants, such as response 
time, transaction throughput, down 
time.  

Incident management Manage all incidents 
through logging, 
categorization, escalation, 
and resolution. 

Shared incident management 
process through coordinated 
escalation routines and resolution 
of incidents within and between 
organizations. 

Problem management Manage improvement of 
availability of services by 
identifying problems in a 
proactive way in order to 
prevent incidents or 
minimize their impact. 

Shared proactive problem 
management through sharing of 
process data and evaluation. Not 
limited to technical problems but 
also for work practice related 
problems. 

IT operation control Monitor and control the IT 
services and their 
underlying infrastructure. 

Shared operational control with 
agreed routines and schedules for 
backup, restore and routine 
maintenance to minimize 
influence on the performance of 
interoperation. 

Application management 

(deployment) 

Managing applications 
through-out their lifecycle. 
Here deployment and 
qualification of applications 
that effects operational 
interoperability is relevant. 

Shared deployment and 
qualification process with agreed 
plans and routines for deployment 
of new versions of applications or 
the support infrastructure that 
could affect the interoperation. 
This could include planned 
deployment and functional 
qualification tests, coordinated IT 
service teams, operational 
approvals for new IS to connect. 
Application of new work practice 
routines that affect interoperation. 
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The ITIL framework focus on management of the delivery of IT services within an 
organization. Our expanded scope has included the delivery of IT services for shared 
interoperation. Furthermore, interoperation is taking place within a shared work practice, 
which implies a need also for governance mechanisms for the shared work practice. 

 Governance of shared work practice issues 
Apart from reducing errors in the delivery of the IT services (interruption errors, response 
time delay, data corruption, duplicates, conversion or mapping errors, et cetera.), the most 
important factor in improving interoperability is the ability of the actors to communicate 
and agree on the intended meaning of the communication acts and do the corresponding 
actions to achieve the shared goals in their shared interoperational work practice. These 
aspects are dealt with in section 9.7 Aspects of interoperation  

Interoperation is as mentioned highly dependent on an information infrastructure. Thus, 
it is not uncommon that incidents and potential problems detected in this environment are 
caused by factors outside the control of the delivery of IT services. 

Incidents detected in IT services could be caused by erroneous, unexpected or 
unauthorized use of the information infrastructure. Thus, even if incidents are collected in 
the incident management process for the IT services, the cause of the error may many 
times be due to user errors, lack of education of users, misunderstandings, deviations from 
work practice guidelines and rules, and unforeseen situations, et cetera. Thus, there is a 
need to have a governance of the shared work practice and related issues. 

In fact, the governance of the shared work practice should take precedence over the 
government of the IT services. Without a governance of the shared work practice, 
governance of IT services will take place in a void. A shared work practice will impose a 
need for governance of the information infrastructure. 

Clear and well understood implementation of governance mechanisms of the shared 
work practice is likely to have a positive effect to decrease the number of issues and thus 
their consequences on interoperation, both in the shared work practice and in the 
governance of the IT services. 

Handbooks and guidelines how to interpret communication acts and institutional objects 
used are important governance mechanisms. Also, rules for state changes of objects, life 
cycle of objects, repertoire of actions allowed, work practices, and process descriptions, et 
cetera, are important governance mechanisms for the interoperation in a shared work 
practice context. Not to forget, a shared definition of goals and benefits of the work 
practice will guide evaluation and improvement of the quality of interoperation. 

These governance mechanisms are part of the work practice infrastructure condition for 
interoperation. 



 
 

Even so, incidents and problems will occur. Thus, it is important to develop and 
implement routines for escalating and identifying incidents and application of methods to 
evaluate risks and consequences that possibly could mean harm to critical resources and 
people, to the operation of IT services, and to the integrity and quality of information. 

In a similar fashion, like the ITIL framework has been inspired by Total Quality 
Management, the governance of work practice related issues could be seen as part of 
process improvement with the aim to better control the process of interoperation to avoid 
“frictions” and disturbances. Thus, for work practice issues, it should also be useful to 
adopt - analogous to IT service management - event, incident and problem management, 
or some other quality management approach. 

Organizational learning (in our context shared work practice learning) is also an 
important part of process improvement. [325] 

9.7 Aspects of interoperation  
In this section, we will elaborate and define our notion of aspects of interoperation.  

In section 9.7.1, we will problematize the dominant trend within practice and research 
on interoperability to divide interoperability into different levels. 

Then, we briefly recall our previous analysis of interoperation and its context to explain 
our choice of different aspect of interoperation, which are defined in section 9.7.2. We 
then deepen the aspects and give examples from ePrescribing in Sweden. 

 “Levels” of interoperability tend to separate 

interdependent aspects of interoperation 
We have previously emphasized the need to distinguish between the notion of 
interoperation and interoperability. Without this distinction, definition of interoperability 
and its possible “levels” will be blurred. However, we think it is useful to analyze different 
aspects of interoperation, which can be used to focus on different factors that influence 
interoperability. This concern is probably one reason behind the efforts made to divide 
interoperability into different levels175 (see section 2.1 Interoperability concepts and 
frameworks). 

 

                                              
175 And presumably of interoperation even if this is not explicitly mentioned in the proposed frameworks. 
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However, the notion of levels of interoperability can mislead to separate into distinct 
more or less independent levels, or to view interoperation as a hierarchical decomposable 
structure starting with a lower technical level and building up more complex levels176.  

Furthermore, interoperation using an information infrastructure to mediate 
communication acts, boundary objects are expressed in a formal language using some kind 
of messaging method. The fact that formal languages are used to communicate relate to 
another influential metaphor borrowed from linguistics, where there are at least three 
levels or subject areas analyzing different functions of the sign: 

• syntactic (which is about signs relation to other signs); 
• semantic (which is about the signs relation to what it refers to); 
• pragmatic (which is the relation of the sign towards an interpreter). 

This separation of syntax, semantics, and pragmatics177 is often used in definitions of 
interoperability levels. Following Pierce, Dewey and speech act theory (Austin, Searle and 
Habermas), our approach is that these aspects are interdependent and that communication 
acts should be analyzed taking the different aspects and their interdependency in mind. 

Though it is important to deal with the grammatical, referential, and interpretative 
aspects of the sign, it is our view that meaning cannot be reduced to one of these aspects 
alone.[251] 

In this chapter, we will propose an alternative view on interoperation and interoperability 
that attempts to avoid the separation into different levels. We will first define what we 
mean by aspects of interoperation and then develop each aspect in more detail. For 
examples of various aspects confer chapter 4 Implementing ePrescribing in Sweden – case 
study and 5 Improving interoperability in ePrescribing – a field study. 

 Aspects of interoperation and its 
characteristics 

We will use the term aspects of interoperation to highlight the fact that interoperation can 
be viewed from various angels, focusing certain characteristics of interoperation that will 
influence interoperability. We will first recall our definition of interoperation (see section 

                                              
176 This level metaphor may be influenced by the Open Systems Interconnection (OSI) model in the data 
communication field. 

 

177 A common critic is that there is no strict separation between the levels, but that communication must 
be seen in its social context. See chapter 7 Context of interoperation and interoperability for an account of 
this critique and an analysis of the context of communication. 

 

http://sv.wikipedia.org/wiki/Open_Systems_Interconnection


 
 

7.10 Definition of interoperability) and its context in order to explain our choice and 
definition of the aspects of interoperation. 

 

Communication acts are mechanisms for conducting 
actions 
The initial assumption is that communication acts (as developed by Searle, Habermas, 
Eriksson, and Goldkuhl, et al), are an essential mechanism for conducting178 
interoperation. Conduct is here used in two ways, both as doing something, i.e. perform 
an action and/or organize this doing, i.e. coordinate dependencies of actions. Thus, a 
communication act is doing something (being performed) and has a role of coordinating 
other actions (material act or other communication acts) according to constitutive and 
regulative rules179. Communication acts are expressed in a formal180 language in the form 
of messages, which are seen as utterances of sentences. These messages are viewed as part 
of speech acts formulated, transferred and interpreted by actors using an information 
infrastructure as instrument. 

 

                                              
178 See one definition in Oxford Advanced Learner’s Dictionary – conduct something: “to organize 

and/or do a particular activity.” 

179 See 5.7 for application of Searle´s account of these two types of rules on prescription rules. 

180 With formal, we mean and cite a text book in mathematical logic: “It is used when referring to a 

situation where symbols are being used and where the behavior and properties of symbols are determined 
completely by a given set of rules. In a formal system, the symbols have no meanings, and in dealing with 
them, we must be careful to assume nothing about their properties other than what is specified in the 
system.” [326] 
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Interoperation in a shared work practice using information 
infrastructure 
The second assumption is that this interoperation is taking place in a shared work practice 
using a shared information infrastructure to mediate communication acts between actors. 

Communication in a mediated, non-personal and 
prescriptive communication setting 
The third assumption is that the communication acts are made in a mediated, non-personal 
and prescriptive setting, using an information infrastructure. 

• mediated setting means that actors use an information infrastructure for structured, 
repeated communication, over time and space, using a supporting and application 
infrastructure; 

• non-personal setting means that the addressee of the communication is not a specific 
person per se, but directed towards actors in another work practice, with a certain 
function or role in the work practice, rather than a specific person; 

• prescriptive setting means that the language used for communication is a formalized 
and restricted language, with a predefined repertoire of actions and messages. 

(See further chapter 7 for a deepening of these concepts.) 

Communal common ground for interoperation 
The forth assumption is that there must exist a communal common ground for successful 
communication. The communal common ground is the sum of common beliefs, 
knowledge and presuppositions in a community, that have been build up historically based 
on earlier interactions and experience and what emerges in the actual communication 
situation. 

Figure 56 illustrates and summarizes the context of using communication acts in 
interoperation. 



 
 

 

Figure 56 The context of communication acts in interoperation. 

From this context, we outline three aspects of interoperation. These aspects originate 
from different roles of the communications acts as actions within the work practice, as 
communication acts between actors, and as acts mediated by an information infrastructure. 

Thus, we define three aspect of interoperation: 

• work practice action aspect focus on the logic of actions from the perspective of the 
work practice and its conditions (transactional and infrastructural) for the 
interoperation; 

• communication action aspect focus on the shared understanding of the 
communication acts by the actors; 
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• mediating communication action aspects focus on the use of an information 
infrastructure for mediating communication acts, expressed in messages181 between 
actors.182 

Figure 57 gives an additional illustration of the different aspects of interoperation put in 
the context of inter-organizational interoperation with related work practices. 

 

Figure 57 Aspects of interoperation in a shared work practice between different organizations. 

All these aspects of interoperation are closely linked. Communication acts are used to 
coordinate and perform actions in the work practice and is part of its logic of actions. These 
actions expressed in messages are mediated using an information infrastructure. Some of 
the actions are carried through by human actors using and interacting with the information 
infrastructure and some actions are carried through as automatic actions within the 
information infrastructure.  

Below, we provide a short description of what is in focus in the different aspect of 
interoperation and interoperability. 

Work practice action aspect focuses on issues such as: 

• goals and expected benefits of the shared work practice; 
• repertoire of actions, their order and dependencies to other actions; 

                                              
181 Messages are here used as a generic term and are not linked to a certain mode of communication, like 

messaging technologies, system-to-system services, or stored procedures, intelligent agent et cetera. A 
message is thus not only a passive informational component but contains also an action component. See 
[140, 235, 269] 

182 The information infrastructure can also perform automatic communicative actions as a response to a 
state change or to a communicate action from another actor. 
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• actor’s roles, competence, knowledge, and authority to act in a shared work 
practice; 

• governance mechanisms for work practice interoperation; 
• actors use of information infrastructure and how it relates to the work practice; 
• communal common ground 183 about procedures and context of action in the 

work practice. These could be inscribed governance mechanisms or implicitly 
assumed. 

Communication action aspect focuses on issues such as: 

• the understanding and agreement of the communication acts in the interoperation: 
o understanding and agreement by the actors of the shared objects and their 

relationships; 
o rules for creating and changing the status of objects; 
o agreed vocabularies of terms used or referred to in the interaction; 
o understanding and definition of the function of the boundary object in the 

interoperation, i.e. the type of communication acts they represent, such as 
assertion, order, request, commitment, directive et cetera; 

• communal common ground, which are the basis for successful communication and 
shared understanding. 

Mediating communication action aspect focuses on how communication acts are 
formulated, represented, transferred, presented, and performed, and on providing the 
information infrastructure for this in the shared work practice and related work practices 
with issues such as: 

• representation of the exchanged boundary objects and rules for creating and changing 
institutional object of the information infrastructure; 

• functionality of the applications to support interoperation: 
• means for communication such as system-to system services and gateways; 
• network management; 
• technical standards; 
• identity management; 
• information infrastructures governance. 

 Work practice action aspect  
Work practice action aspect has a focus on the logic of actions and its conditions in a 
shared work practice. This section starts with the role of formulating goals and expected 
benefits of the work practice and how it will influence the content and logic of actions and 
the conditions in which it takes place. Next, we will analyze how these goals and benefits 

                                              
183 See section 7.7 for a deepening on common ground. 
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are related to how actions are conducted and their conditions. Finally, we give some 
examples from ePrescribing how work practice aspects have been considered. 

Goals and benefits of the shared work practice 
Participants in a shared work practice share in some sense common goals, although they 
may have different goals and incentives to engage in a process of interoperation. One of 
these common goals is related to the reason for interoperation with a focus on the task to 
be carried out. 

The overall goal of a shared work practice is often implicit or regarded self-evident and 
thus seldom explicitly formulated. However, the goal of a shared work practice 
(formulated or not) will influence the view of the actors and their roles and in turn 
influence the direction of the future of the work practice. The goal will also evolve over 
time with the emergence of new opportunities with the implementation of new technology. 
See the evolution of ePrescribing in Sweden in chapter 4. 

Another aspect on what to be achieved is the expected yields or benefits for different 
actors. In ePrescribing, there are both aspects of patient safety, quality of the prescription, 
and other expected yields such a cost reduction and efficiency of the work practice. A 
more general concern is how to improve drug utilization in the society from a medical, 
social, and economic point of view. [162] ePrescribing shows the potential of digitalization 
which could benefit drug utilization in the sense of providing up to date information on 
prescriptions, providing better control of active prescriptions, information on filled 
prescriptions, et cetera. 

Thus, it is important to be clear on the different goals and the incentives of the actors 
involved or affected by the shared work practice, because they will influence how 
interoperation is implemented184 and maintained and will influence the work with 
improving interoperability. 

Work practice action logic and infrastructural conditions 
With a formulated (at best) goal and expected benefits of the shared work practice, on why 
and what is to be achieved and expected, another essential question is how this is to be 
achieved. This means a shift of focus towards actions of the work practice with questions 
such as: 

• What actions are to be coordinated and what are the pre- and post-actions agreed upon 
in exchange? 

• What are the roles of the actors in the shared work practice and their responsibility and 
authority? 

                                              
184 See section 8.4.1 Network governance in ePrescribing – comparison US – Sweden on the influence 

of expected benefits and incentives on the implementation of ePrescribing in US. 



 
 

• What kinds of boundary objects are exchanged and what are their functions in the work 
practice? 

• What are the rules for creation and change of status of boundary objects? 
• What are the transactional and infrastructural conditions for the shared work practice? 

o What are the organizational, economical and legal prerequisites? 
o What governance mechanisms should be used in the shared work practice? 

• How are the existing work practices in the organizations influenced by the demands 
from the shared work practices? 

• Are there any implicit assumptions regarding actions and procedures in the work 
practice that have to be regulated and communicated? 

These questions (and others) regarding work practice change should be addressed in 
designing and implementing interoperation. 

In order to have a good quality of work practice interoperation, there are at least two 
areas to establish and develop: 

• a common understanding among the participants about the shared work practice 
objectives, benefits, roles, responsibilities, skills and logic of actions. Knowledge 
and understanding of the “others’” related work practices is important. This is part 
of a common ground for interoperation and is very important in order to handle 
situations that fall outside of foreseen interaction and is not explicitly regulated; 

• shared governance mechanisms for the work practice.  

It is important to find the right balance between standardization of work practices using 
governance mechanism and mutual understanding, common knowledge and skills in the 
community. The latter make it possible to mutually adjust behavior to handle a wider range 
of situations. It is neither desirable nor possible to formalize all the implicit and explicit 
knowledge and beliefs that are held in a community. Such formalization will only lead to 
a lack of flexibility and to a very tight integration of the actions in each organization 
making evolution very difficult and costly.  

Governance mechanisms is important to establish in the form of mutual agreements and 
contracts between the interoperating parties. 

These agreements can be of various types such as agreement on: 

• business related procedures such as how to handle residues, invoices, fees, delivery 
conditions, responsibilities, authorizations, and staffing; 

• operational governance in term of incident, event and problem management on the 
work practice level (regarding the operational governance of the information 
infrastructure see the aspect of mediating communicative actions, below); 

• the logic of actions and the function of boundary objects in the work practice actions 
and related work practices; 
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• actor’s roles, responsibility and authorization for action in the shared work practice 
and related work practices; 

• the exchange of infrastructural information necessary for the work practice such as 
register data, product catalogs, information about actors, and statistics (boundary 
objects of the type repository). 

 Communication action aspect  
In this section, we put to the foreground communication acts between actors and factors 
influencing their quality. The quality of the communication acts depends on the degree of 
mutual understanding and agreements between the communicating actors. In chapter 7, 
we analyzed the context and conditions for mutual understanding of communication acts. 

Common ground for communication 
One important condition for successful communication is the common ground that exists 
in the community of interoperation. 

We briefly recall one figure from section 7.7 Communication acts and common ground, 
see Figure 58. 

 

Figure 58 Common ground for communication acts. 

In Figure 58 the sign in the communication act have three semantic functions: to express 
(symptom), direct (signal) and represent (symbol). To communicate, there need to be joint 
attention to the objects and state of affairs. Joint intention is about plans of action to 
achieve a goal. Joint intention helps to direct attention to relevant object and state of 
affairs. Joint intention is part of the communal common ground. 
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The communal common ground is the background to the communication. 

The communal common ground core - is the common beliefs, knowledge and 
presuppositions in a community that have been built up historically based on earlier 
interactions and experience. 

The emergent communal common ground is the common ground that emerges for the 
actual communication, in the utterance situation of the communication. 

The joint intention (whether assumed or communicated in the communication act) 
towards the communal common ground gives the situational context of the communication 
act.  

Thus, understanding and agreement on the meaning of the communicated messages used 
in the work practice and in the professional domains are very much dependent on the 
established communal common ground. An important instrument for promoting mutual 
understanding and agreement in action is the use of specialist language and vocabularies. 
The messages used to express the communication acts are also important sources to clarify 
the meaning of communication acts. Careful and common work of defining the messages 
and their agreed meaning will influence the quality of the communication acts. 

Communication setting and communication strategies 
Communication acts using an information infrastructure have a setting that is mediated, 
non-personal and prescriptive. This will further stress the need to work more seriously 
with defining the meaning of messages and their use in interoperation as one cannot rely 
on mutual adjustments, signal acknowledges, and on the fly corrections, which is done in 
a face to face communication. To explicitly communicate what the communication is 
about, so called meta-communication will be more important. However, standardization 
and formalization of messages and routines is not enough to cope with all kinds of 
situations. There is also a drawback with excessive standardization which could lead to 
lack of flexibility. Thus, it is also necessary to facilitate mutual learning and adaptation to 
the different work practice situations in respective organization and professional groups. 

Clark & Brennan [327] show how different communicative settings influence the 
communication strategies used for successful communication. It is not the place in this 
thesis to analyses the implication of a mediated, prescriptive and non-personal setting on 
communication strategies, but it is surely a very important topic to understand.  

Analysis of communication acts and the role of boundary 
objects 
Boundary objects are a common denominator and at the same time adaptable to each 
actor´s use in their work practice. This property of boundary objects makes them very 
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useful in interoperation. They can have different meanings in different work practice 
contexts but at the same time function as a ‘glue’ in interoperation. 

Boundary objects can be further analyzed into basically185 two types: object that are used 
in the transaction, which are termed ‘standardized form’ and boundary object which are 

more stable in nature and are objects of reference. This later type of boundary objects, 
called ‘repositories’ are an important part of institutional objects in the information 
infrastructure. Identifiers [84] of these boundary objects are essential in facilitating 
interoperation. 

Thus, these boundary objects have multiple functions and different meanings in each 
work practice context and needs to be agreed upon for a well-functioning interoperation. 
In making a conceptual analysis agreed upon by the participants it is important to 
understand that meaning can only be understood as part of actions in the context of a 
shared work practice and their relation to the participants own work practice. See Erikson 
and Ågerfalk [84, 328] for examples of conceptual modeling approaches for analyzing 
institutional and boundary objects. 

 Mediating communication action aspect  
The mediating communication actions aspects involve the acts of formulating, 
transferring, transforming, performing, making accessible, and presenting 
communications acts. See section 9.3.2 Interoperation, interoperability, and the role of 
the information infrastructure for a definition of the mediating role of an information 
infrastructure. 

One important part of this mediating role is the mediation of communication acts 
between actors expressed in messages. An important task is to define formal syntax and 
rules for these messages and how they are handled by the applications in terms of actions. 
Another aspect that will influence interoperability is the actability the information 
infrastructure, i.e. how well it will permit, promote, and facilitate actions in the work 
practice. See section 7.9.1 Actability of information systems. 

Some communication acts are inscribed in the behavior of the information infrastructure 
as automatic actions often in response to communication acts by users. These automatic 
actions influence the actions of humans in the work practice. They are standardized and 
programmed actions of the work practice, which is assumed or even a precondition for 
other actions, but not always visible or explicit for the actors in the work practice. Thus, 
acts by the information infrastructure forms a part of the work practice actions. 

Institutional objects are essential for the shared work practice to function. They are 
usually in the background and supported by specific work practices here named 

                                              
185 See chapter 2.2.3 Features of information infrastructure for a description of other types of boundary 

objects analyzed by Star and Griesemer. 



 
 

infrastructure work practices. These objects can be used by several work practices and thus 
have multiple functions. These repositories of institutional objects have their own life 
cycle and are managed by different actors. Their life cycle is not always coordinated with 
the life cycle of the shared work practice. 

Thus, an important aspect of the information infrastructure is the regulation of the life 
cycle of its institutional objects – how, when, and by whom they are created and get their 
status changed. 

The communication acts mediated have to be communicated using gateways or system 
to systems services. These have to be designed and managed as shared services. 

Other aspects linked to services for communication is the question of a shared 
information security regulating such issues as identification, authentication, and 
authorization of users in respective information system in the shared work practice. 

Information infrastructure governance 
The shared information infrastructure has to have an operational governance, such as 
agreements on shared service levels, continuity plans, rules for storage and logging of 
messages and traffic events, deployment windows, incident, problem and event 
management, test and approval procedures of new or changed applications. 
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10 Conclusion, contributions, 
generalizability, and future 
research 

The aim with this chapter is to summarize conclusions and contributions made in this 
thesis and relate them to the research aims. Furthermore, we will discuss the empirical 
and theoretical grounding of the theory of interoperation and interoperability, the 
plausibility of generalizing the theory towards the health care sector, and the utility of 
the theory for practitioners. 

 This chapter is organized as follows: 

• 10.1 Conclusion makes a summary of the conclusions made in the thesis and 
relate to them to the research aims; 

• 10.2 Contributions and their practical and theoretical implications, contain a 
summary of the contribution made in this thesis; 

• 10.3 Grounding, summarizes our sources of empirical and theoretical 
grounding of the theory on interoperation and interoperability presented in 
chapter 9; 

• 10.4 Generalizability of research findings, analyze the plausibility of 
generalizing the theory on interoperation and interoperability towards the 
health care sector; 

• 10.6 Utility of the theory on interoperation and interoperability for 
practitioners discuss the utility of the theory on interoperation and 
interoperability for practitioners. 

Finally, we conclude this chapter with suggestions for future research in section 10.7. 



 
 

10.1 Conclusion 
Interoperability has become an important issue within health care and the public sector. 
Now, there is a general understanding that interoperation and interoperability do not only 
concern the use of technology, but also involves issues related to work practices, 
governance, evolution, and development of information infrastructures, organizational 
cooperation, strategies, and legal issues. 

One aim of this thesis is to contribute with practical and theoretical knowledge in 
achieving and improving interoperability. The contribution is based on an inquiry into 
ePrescribing practice in Sweden. 

Three studies of the ePrescribing practice were presented: 

1. case study of the evolution of ePrescribing in Sweden from the pioneering years in 
1980s to the growth phase in the early 2000 and the consolidation phase in the 
second half of the first decade of 2000; 

2. field experimental study of improving interoperability in ePrescribing with the 
introduction of a new national ePrescription format (NEF); 

3. in-depth analysis of the ePrescribing work practice, which resulted in a practical 
theory on ePrescribing. 

The current status of ePrescribing in Sweden is the result of an evolution since the 
beginning of the 1980s. To better understand this evolution, a case study was made into 
the history of ePrescribing in Sweden (1). This case study shows, among other things, the 
evolution of a complex information infrastructure for ePrescribing, with a shift from point-
to-point local communication to the evolution of an information infrastructure that dealt 
with the whole life cycle of the prescription. The experience from the case study highlights 
certain factors for achieving interoperability, such as trust, cooperation, long term 
commitment, and strategic perspective among the stakeholders, but also the evolution of 
new governance mechanisms for development, maintenance and implementation of 
ePrescribing. 

Another part of this work is to contribute with experience of improving interoperability. 
This was done through a field experimental study of an improvement project in 
ePrescribing (2). The field experimental study was designed to measure the quality of the 
ePrescription message before and after an intervention to improve quality of the 
communicated message. The findings in the field experimental study showed a dramatic 
increase of the quality of ePrescription message. These findings were analyzed using 
theories and frameworks. IS actability theory and actability criteria for design and 
evaluation were used to relate the findings to aspects of interaction, communication, and 
process quality. The role of the stakeholders in providing shared information services for 
the ePrescribing process was described. The European Interoperability Framework (EIF) 
was used in order to analyze the improvements. The characteristics of the joint intervention 
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of NEF were analyzed and put in a historical context of implementing ePrescribing in 
Sweden. 

This field experimental study illustrates that improving interoperability is a complex 
endeavor, which includes political, legal, economical, organizational, cultural, semantical, 
and technical issues. These aspects concern the communicated messages, related intra-
organizational information systems, information infrastructure, interoperating work 
practices, and their context. 

An early part of the inquiry into ePrescribing in Sweden was an in-depth analysis of the 
ePrescribing work practice (3). This analysis was triggered by the need to understand the 
underlying complexity in the ePrescribing communication with its multiple functions. 

These three studies point to the need for a theoretical framework that can sort out the 
complexity in order to accumulate experiences and research results, and be a guide to 
practitioners working with achieving and improving interoperability. 

Thus, another aim with this thesis is to address the lack of theoretical grounding of 
interoperability concepts and frameworks. The thesis aims at contributing with an 
empirically and theoretically grounded practical theory on interoperation and 
interoperability. 

The intention with the theory is to conceptualize perspectives on interoperation and 
interoperability, and to provide a theory grounded in explicit theories that can contribute 
to the growth of scientific knowledge on interoperability. The theory is empirically 
grounded in experiences of achieving and improving interoperability in ePrescribing in 
Sweden. The theory is also intended to be used as a guide for practitioners in conducting 
their work on interoperability. 

The theory on interoperation and interoperability makes a distinction between 1) 
collective action, which is the development and implementation of a shared work practice 
with governance mechanisms and information infrastructure for interoperation, and 2) 
interoperation, which is actor’s use of communications acts mediated by an information 
infrastructure, in order to conduct actions in a shared work practice. 

The exercised capability to interoperate – interoperability - is further detailed in three 
aspects: work practice, communication, and mediating communication action. 

The notion of a shared work practice for interoperation and the relation to other work 
practices such as infrastructure work practices, which contribute with institutional object 
necessary for the interoperation, were defined and elaborated. 



 
 

10.2 Contributions and their practical and 
theoretical implications 

In this section, we will briefly summarize the major contributions in this thesis and their 
practical and theoretical implications. See section 3.7.3 Contributions and theory 
components for a more detailed account of the results in terms of knowledge categories 
and theory components. We will also describe the implications of these contributions in 
terms of their practical implications for the practice and their theoretical implications for 
research. 

Contributions aim at different communities and situations. We distinguish between 
contributions to the local practice, general practice, and research (see chapter 3 Methods 
of inquiry for a definition of these types of contributions). The contributions have also 
implication in different communities. 

 Local practice contributions and implications 
Local practice contributions have been made in the operational and developmental work 
to improve interoperability in ePrescribing. Examples of such contributions are the 
specification of a new national ePrescription format (NEF), requirements specifications of 
the information infrastructure for ePrescribing, and handbooks on ePrescriptions and the 
pharmacy ePrescribing process. 

In addition, the documented contributions and the participation in operational and 
development work have practical implications for the local practice in the long term. 

First, the work has been part of the growth and consolidation of the ePrescribing practice 
in Sweden. The improvement of interoperability in ePrescribing, a substantially improved 
quality of the ePrescription message, has contributed to the consolidation of the 
ePrescribing practice in terms of a better control and regulation of the communication in 
the shared work practice. It was also a prerequisite for the growth of volume without an 
increase of quality deficiencies, which would drive cost, creating disturbances, and 
discomfort. This could have endangered the trust and acceptance by the stakeholders that 
has been built up during years. This consolidation was an enabling factor in the 
deregulation of the pharmacy market in Sweden, when transferring the complex 
information infrastructure of ePrescribing from the NPC to a network administrative 
organization (se 8.2.1) - later a state authority - was a major challenge. 

Moreover, the practices developed in improving interoperability in ePrescribing have 
had an influence on the present practice in ePrescribing in Sweden. This regards the 
practice of a more formal and stricter control of messages and services with validations of 
the quality of data, the improved procedures for test and certification of systems to allow 
access to different IT services, and the further development of handbooks to link the use 
of IT services to work practices. 
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 General practice contributions and 
implications 

General practice contributions have been made in a case study on implementing 
ePrescribing in Sweden (see 4 Implementing ePrescribing in Sweden – case study) in a 
conceptualization of factors influencing the evolution of ePrescribing in Sweden and its 
information infrastructure. The case study reported and analyzed success factors in 
implementing ePrescribing in Sweden, which could be a useful example for other similar 
practices. It showed the importance of strategic, tactical, and operational governance for 
the evolution of a complex infrastructure. 

The field experimental study (see 5 Improving interoperability in ePrescribing – a field 
study) measured interoperability errors before and after an intervention in order to improve 
interoperability. This unique study contributed with experiences from a set of actions to 
improve interoperability and demonstrated their effect in a dramatic increase in the quality 
of the communicated message. The work has practical implications for the general practice 
of ePrescribing in Sweden but also as examples for other practices how to improve 
interoperability. Thus, this study gave examples of effective actions to improve 
interoperability and provided a method how to evaluate the effects of an intervention. 

This study contributed to highlight the operational aspect of interoperation in the theory 
on interoperation and interoperability. 

The practice of ePrescribing was analyzed using practical theories. The result was a 
contribution to a general practice theory on ePrescribing. See 6 A practical theory on 
ePrescribing. The practical implication is that it is important to have a good understanding 
of the shared work practice when designing and developing the information infrastructure. 
A vague or unreflected view of the shared practice can lead to infrastructure designs that 
are at odds with the practice and thereby impair the conditions for development of 
interoperation and growth of the information infrastructure. See experience from 
ePrescribing implementation in US in section 8.4.1 Network governance in ePrescribing 
– comparison US – Sweden. 

 Research contributions and their implications 
In this section, we will briefly summarize the research contributions made in this thesis 
and their implications. In section 3.7.3, we focused on characterizing the results. In this 
section, we will focus on the implications for research. The section starts with the 



 
 

interoperability research area and then implications for other areas within information 
systems research. 

The theory on interoperation and interoperability is a contribution to the interoperability 
research area186. In this thesis, the focus is on interoperation between organizations and 
their agents using information infrastructures and is otherwise not tied to a particular 
domain. The interoperability research area is considered part of the information systems 
research discipline. 

Interoperability research 

Theory on interoperation and interoperability 
A practical theory on interoperation and interoperability has been presented in this thesis. 

The theory is targeting the research community to inform about relevant research areas, 
theoretical refinements and further situational inquiries. In addition, the theory aims at 
contributing to the general practitioner a model and language in order to analyze and guide 
work to achieve and improve interoperability. 

The theory on interoperation and interoperability contributes to the quest of consistent 
theories on interoperability, which are based on explicit theoretical grounds and 
empirically grounded in extensive inquiries into the evolution of a complex information 
infrastructure for interoperation. 

To the field of research on interoperability, we have contributed with the following: 

• defining interoperation as the basis for defining interoperability; 
• defining interoperability as the exercised capability to interoperate in the context of 

a shared work practice using information infrastructures; 
• conceptualized the context of interoperation with concepts such as: 

o shared work practice; 
o boundary objects; 
o context of communication in interoperation: 

▪ communication as action and shared understanding based on 
communal common ground; 

▪ settings of communication as prescriptive, non-personal, and 
mediated; 

▪ work practice, communication, and mediating aspects of 
interoperation; 

o information infrastructure as the main instrument for interoperation; 

                                              
186 Interoperability research can also include the governance of material and human resources as for 

example in the military domain, see section 2.1.1. Thus, interoperability is a research area that has different 
application domains such as health care, public governance, military, and public safety, et cetera. 
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• highlighted the importance of network governance of interoperation from strategic, 
tactical and operational perspective; 

• highlighted the importance of collective action to overcome obstacles for 
interoperation. 

In order to increase the utility of the theory for practitioner, it is necessary to present the 
theory in another form with examples and guidelines. See section 10.6 Utility of the theory 
on interoperation and interoperability for practitioners. 

Information systems research 
The theory on interoperation and interoperability has integrated external theories from the 
information systems research field. To some of these theories, we have made some specific 
contributions. 

Information systems development research 
To information systems development research, we have contributed with: 

• highlighting the need to view information systems not as isolated applications in 
homogeneous work contexts, but rather as information infrastructures that enable 
interoperation between heterogeneous work contexts. While this is more obvious 
in an inter-organizational setting, medium and large enterprises/organizations have 
both an internal and external complexity with the regard to interoperation in 
heterogeneous work contexts.  

Information infrastructure research 
To information infrastructure research, we have contributed with: 

• an integration of the concept of a shared work practice and its role in interoperation; 
• the identification of infrastructure work practices and their crucial role in an 

information infrastructure; 
• showing the importance of identifiers of actors and institutional objects for the 

evolution of information infrastructures; 
• a longitudinal empirical study of a successful case of evolution of a complex 

information infrastructure. This study confirms the evolutionary character of 
information infrastructure evolution but shows also the importance of human 
agency in collective action and the use of strategic, tactical, and operational 
governance of the information infrastructure as key factors in the success. 

Work practice research 
To work practice research, we have contributed with: 

• the concept of a shared work practice that extends the application of the work 
practice concept, which implicitly have been viewed as inside organizations, to a 
relation of interoperation between work practices within or between organizations; 



 
 

• integrating the concept of information infrastructure as the main instrument of the 
shared work practice; 

• identification of infrastructure work practices that provide and support the shared 
information infrastructure. 

Standardization research 
To the research field on information systems standardization, we have contributed with: 

• a suggestion187, applying the theory on interoperation and interoperability to 
standardization, to focus on standardization of shared work practices and boundary 
objects exchanged. Such an approach might overcome some of the complexity 
issues in standardization. Here, the empirical finding in ePrescribing gives a 
successful example in standardization of the ePrescribing shared work practice and 
the boundary objects involved. Thus, we have given an alternative strategy for 
standardization to avoid reflexivity in standardization. This strategy should be 
useful to apply in the health care sector. 

10.3 Grounding 
The theoretical grounding is based on: 

• analysis of frameworks on interoperability, work practice and information 
infrastructure theory, and definitions and categorization of different types of standards 
and standardization (see chapter 2 Interoperability, information infrastructures, work 
practices, and standards); 

• Information Systems Actability Theory (ISAT), theories on meaning and language, an 
analysis of communication settings for interoperation, and a conceptual analysis of 
interoperation and interoperability. See chapter 7 Context of interoperation and 
interoperability; 

• theories about network governance, collective action, inter-firm interdependencies, IT 
governance, and IT service management in 8 Interoperation, governance, and 
collective action.  

 
The empirical grounding of the theory on interoperation and interoperability is based on 

the empirical findings presented in chapters: 
• 4 Implementing ePrescribing in Sweden – case study; 
• 5 Improving interoperability in ePrescribing – a field study. 

The theory on interoperation and interoperability is also grounded in the practical theory 
on ePrescribing presented in chapter 6 A practical theory on ePrescribing. See Figure 59 

                                              
187 See section 2.3.3 in the subsection on reflexive standardization. 
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for an illustration of the theoretical and empirical grounding of the theory on interoperation 
and interoperability. 

 

Figure 59 Illustration of theoretical and empirical grounding in different chapters of the thesis. 

10.4 Generalizability of research findings 
The theory on interoperation and interoperability is grounded in the domain of 
ePrescribing. The theory is not bound to the ePrescribing practice, but attempts to describe 
interoperability in general terms in order to be a vehicle to examine other similar situations 
(see Figure 60). 

 

Improving 
Interoperability in 

ePrescribing
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Figure 60 Grounding in and generalization from ePrescribing work practice of the theory on 
interoperation and interoperability. 

In this section, we will discuss the generalizability of the presented theory on 
interoperation and interoperability. For a more in depth discussion on generalizability in 
information systems and qualitative research, see section 3.5 Generalizability in 
information systems and qualitative research. 

We will present our assumptions about generalizability and use a framework to reason 
about the generalizability of research findings. Then, we will analyze the plausibility of 
generalizing to the health care sector. We will compare the characteristics of the health 
care sector with ePrescribing. In this section, we also analyze the support for the theory on 
interoperation and interoperability in the original domain of ePrescribing. 
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 Assumptions about generalizability 
Given the account about generalizability in information systems and qualitative research 
presented in section 3.5, we will here present some assumptions we make before 
discussing generalizability of the theory on interoperation and interoperability to other 
practices. 

According to Lee & Baskerville [152] it is not acceptable to generalize a theory based 
on one case or setting to another case or setting, without making an empirical test of the 
theory in the new case. Other scholar’s claim that is possible to generalize beyond the case 

where findings or theory have been generated. [154, 156]. These differences could be 
ascribed to a difference how to view induction and inductive reasoning. For Lee and 
Baskerville induction is seen as an abstraction from particular to general notions, for 
others induction and inductive reasoning is inference from matters of facts that have been 
observed to those that have not yet been observed [154]. 

The position in this thesis is that induction is ampliative: “Induction can amplify and 
generalize our experience, broaden and deepen our empirical knowledge.” (C S Peirce, 

quoted in [154]). Induction is not about absolute true or false statements but about 
justification of beliefs based on evidence available. Here, the approach is to combine 
thoughts from Tsang & Williams [154] and Smaling [156] in order to discuss the 
generalizability of a theory to other cases or setting in which it has not been tested or 
asserted. 

If we agree with Tsang & Williams that it is possible to generalize findings from a case 
or sample to another population with regard to similarities and differences in context and 
time, then we should be able to reason about the generalizability of a theory grounded in 
a sample or case to other cases or samples that have not yet been investigated. Smaling 
provides this link in discussing the plausibility of generalizing a theory to another setting 
not yet tested. Smaling uses for this purpose analogical reasoning and propose a number 
of quality criteria to improve this analogical reasoning. 

In the next subsection, we will reason about the plausibility that the theory on 
interoperation and interoperability will hold in other settings than ePrescribing, which is 
the practice on which the theory on interoperation and interoperability is empirically 
grounded. 



 
 

 Generalization of the theory on interoperation 
and interoperability to the health care sector 

We will limit our discussion on the plausibility that the theory on interoperation and 
interoperability will hold for other practices to the health care sector. 

We will compare characteristics of ePrescribing and the health care sector using three188 
of Smalling’s six quality criteria for analogical reasoning (see 3.5 Generalizability in 
information systems and qualitative research): 

• relative degree of similarity; 
• relevance for the conclusion; 
• relative plausibility of the conclusion on its own. 

The first criterion, relative degree of similarity, states that if there are more similarities 
than differences in the settings, analogical generalization is more plausible. The second 
criterion, relevance for the conclusion, states that if similarities in the settings are relevant 
for the conclusion, it is more plausible that it will hold in another setting. The third 
criterion, relative plausibility of the conclusion on its own, states that if a theory or finding 
has a strong support in its original domain, it is more acceptable to use analogical 
reasoning. 

Comparing health care sector in general and ePrescribing 
The health care sector can be defined in a number of different ways. One definition of the 
scope of practice of health care is: “Health and sick care - actions to medically prevent, 
investigate, and treat diseases and injuries.”189 

This is a very general notion that does not define boundaries for the health care activities. 
Statistical definitions usually have stricter boundaries defined. Thus International 
Standards Industrial Classification (ISIC) [329] defines Human health activities as 
consisting of hospital activities, medical and dental practice activities, and other human 
health activities. This definition comprises many different professions and activities 
pursued at hospitals or outside hospitals in various facilities. 

In these definitions, dispensing of prescribed medical drugs by pharmacies in outpatient 
care is not explicitly mentioned. In the ISIC definition on health care activities in hospitals, 
pharmacy services are mentioned. In this thesis, ePrescribing is defined as an intersection, 
a continuous workflow for a medical treatment of a patient in outpatient care, between the 

                                              
188 The other criteria are related to support from other cases and to the empirical and theoretical support 

of the degree of similarity of settings and their relevance. As these criteria are not applicable for the 
moment they are not discussed further but should be part of future research. 

189 Our translation from Swedish, Socialstyrelsens Termbank 2007 – the Swedish National Board of 
Health and Welfare - Terminology.  
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health care market and the pharmacy market. Thus, from the point of view of ePrescribing 
the dispensing of prescribed medical drugs by the pharmacies is part of health care 
activities. The ISIC definition of health care activities also includes laboratory services, 
blood and transplant organs banks, ambulance transport et cetera. The pharmacy market 
in general is classified as belonging to “Retail sale of pharmaceutical and medical goods, 

cosmetic and toilet articles in specialized stores.” [329] Thus, pharmacies are both linked 
to health care activities and retail activities. Consequently, it is natural to view 
ePrescribing as one particular practice within health care with characteristics of health care 
practices in general. 

We have selected a number of characteristics of ePrescribing, which we think have 
relevance for the applicability of the theory on interoperation and interoperability, and then 
compared them with practices within health care (Table 25). We have not made a case 
study of the characteristics in health care. The comparison is based on our general 
knowledge of the situation and consultation with medical practitioners. 

Table 25 Comparing characteristics in ePrescribing and health care that have relevance for the 
applicability of the theory on interoperation and interoperability in the health care sector. 

Multi-professional cooperation Yes Yes 

Highly regulated practices Yes Yes 

Interorganizational communication Yes Yes, not always 

Knowledge intensive communication Yes Yes 

Mediated, non-personal, and 
prescriptive setting 

Yes Yes, for some 
practices 

High demands on client safety and 
privacy 

Yes Yes 

Need for complex information 
infrastructure 

Yes Yes 

Complex interdependencies of work 
practices 

Yes Yes 

Many stakeholders involved Yes Yes 

Demand for health care record of 
patient care190 

Dispensing record191 Yes 

                                              
190 This criterion was proposed by a medical doctor in response to the proposed criteria. 

191 At least not in Sweden, except for keeping record of the dispensing history. 

Characteristics ePrescribing Health care 



 
 

Multi-professional cooperation: ePrescribing practice is a multi-professional 
cooperation, between cooperating prescriber professions and pharmacists. This multi-
professional cooperation is even more the case in health care, particularly at hospitals with 
various professions and specialists. A medical examination can involve X-ray and 
laboratory services, consultations by specialists, et cetera. The care involves nurses, and 
clinical pharmacists and use of pharmacy services such as making extemporaneous 
production, et cetera. 

Highly regulated practices: health care practices are like ePrescribing highly regulated 
practices. 

Inter-organizational communication: ePrescribing is always an inter-organizational 
communication. This is not always the case for health care practices, which often are made 
in hospitals with face-to-face communication between health professionals and patients. 
However, there are many cases of interdepartmental communication within the same 
hospital organization that is similar to inter-organizational communication. There are also 
often external communications, which are inter-organizational, like remittance and 
transferring of patients to other care facilities outside the hospital. Many times, laboratory 
services involved are inter-organizational communication. 

Knowledge intensive communication: many practices in health care as well as in 
ePrescribing involve highly educated professionals communicating about complex health 
conditions. 

Mediated, non-personal, and prescriptive setting: many practices in health care rely on 
direct, personal face-to-face communication. There are also practices that partly or 
completly rely on a mediated, non-personal communication, and regulated (prescriptive) 
communication setting, such as using EHR systems192 to request for consultation, 
remittance, et cetera. There is also communication with other stakeholders that are not 
directly involved in the health care that are non-personal, prescriptive, and mediated by 
some media, such as eProcurement of medical drugs from pharmaceutical distributors 
other medical equipment’s and utilities. 

High demands on client safety and privacy: both ePrescribing and health care practices 
demand a high degree of concern for patient safety and privacy. 

Need for complex information infrastructure: both ePrescribing and health care practices 
need complex information infrastructures which is due to the highly complex nature of the 
practices and the knowledge involved. The multi-professional cooperation also demands 
a highly-developed information infrastructure for communication. 

                                              
192 The EHR systems can be seen as instrument for communication between health care professional and 

now also with the patient. 
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Complex interdependencies of work practices: many practices are involved in the 
treatment of a patient both in ePrescribing and in other health care practices. 

Many stakeholders involved: like in ePrescribing, there are many stakeholders which are 
not immediately engaged in health care actives, but which are involved in regulating, 
inspecting, and requesting information, et cetera. 

Demand for health care record of patient care: the demand for documenting patent care 
is more demanding on the prescribers in health care compared to the demand on the 
pharmacist to document dispensing history. In ePrescribing, this demand already exists for 
the prescribers, and that is probably the reason for the preference of using EHR-systems 
for prescribing in order to facilitate the documentation of the prescription as part of the 
entire health care record documentation. 

Conclusion 
The conclusion from this comparison of the characteristics in ePrescribing and health care 
practices is that, given the relevance of the criteria selected, that it is plausible that the 
theory on interoperation and interoperability presented in this thesis could be applied to 
other settings in health care. Health care practices that have similar characteristics as in 
ePrescribing are more likely to fit the theory on interoperation and interoperability. 

10.5 Support for the theory on 
interoperation interoperability in the 
original domain 

The theory on interoperation and interoperability has been empirically grounded in 
ePrescribing in Sweden. Thus, the theory is a result of a generalization of the case of 
ePrescribing and of using extant theories in the theory construction. These extant theories 
have been used to organize and interpret the empirical material, and they have been used 
in forming the theoretical constructs in the form of conceptualizations, patterns, and 
normative criteria of the theory on interoperation and interoperability. The theory has been 
internally grounded in the sense of making an effort to minimize ambiguities and 
inconsistencies in definition of theoretical concepts. An effort has also been made to 
present the theory as clearly as possible to make it comprehensible for both practitioners 
and researchers. 

The empirical findings have been presented in a case study on the evolution of 
ePrescribing in Sweden, in an analysis of ePrescribing practice to arrive at a general 
practice theory on ePrescribing, and in a description of a field experimental study in 
improving interoperability in ePrescribing. The empirical findings are presented in depth, 
as “thick descriptions”, presenting findings in their context. The findings have also been 
analyzed using extant theories to further analyze the empirical material. This organization 



 
 

and generalization of the empirical material was the basis for a further generalization into 
a theory on interoperation and interoperability using the extant theories as input for the 
theory building. The theory has been explicitly grounded in a number of extant theories 
and has been exemplified by referring to the empirical material in order to concretize the 
theoretical concepts. 

In section 3.4.2 Reliability, validity, and evaluation of research, we described some 
criteria to evaluate the validity of qualitative research, both the validity of its conclusions 
in relation to the empirical material on which they are based and the validity of the 
conclusions in relation to other situations. In Table 26, we present a comparison of 
different criteria for assessing validity in qualitative research from Venkatesh [146] and 
how they can be applied for this study. 

Table 26 Different types of validity in qualitative research from Venkatesh [146] and how they can be 
used to evaluate the validity of the research in this thesis. 

Descriptive The accuracy of what is 
reported. 

The empirical findings have been 
based on many different sources 
using a mixed method approach 
using both qualitative and 
quantitative methods for 
acquisition of data. Corroboration 
of data from various sources has 
been done when possible. 

Credibility Results are believable from the 
point of view of the participants 
in the research and that 
alternative explanations are ruled 
out. 

An inside researcher, making an 
inquiry during a long period, 
having close access to data and the 
evolution of the situation 
examined, and a deep pre-
understanding of the situation 
should increase the credibility. The 
risks of being close to the situation 
are considered and accounted for. 
Interaction with other researcher 
not engaged in the situation made 
it possible to probe alternative 
explanations. 

Type of 
validity in 
qualitative 
research 

Description Evaluation in this thesis 
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Transferability Degree to which the results are 
applicable or possible to 
generalize to other context of 
settings. 

See our discussion in this and 
previous section on 
generalizability. 

Theoretical Degree to which the theory fits 
the data. 

The theory on interoperation and 
interoperability is a generalization 
of the empirical findings and of 
using extant theories. The theory is 
accompanied with examples from 
the situational inquiry of 
ePrescribing. The thick description 
of the findings and with extensive 
references between the theoretical 
components and the findings 
provides a rich material to evaluate 
how the theory fits the data. 

Dependability How the changes in the setting 
affected the way the researcher 
approached the study. 

The research process has been 
described in detail concerning how 
the research interest developed and 
research questions were posed and 
evolved. 

Consistency Process of analysis from raw 
data to findings. 

In the field experimental study, the 
process from raw data to findings 
is made explicit. The qualitative 
data analysis of findings is made 
explicit in the thick description 
giving both the facts and their 
context. When using extant 
theories to analyze the data this is 
described. 

Interpretive Degree of accuracy of the 
interpretation of the beliefs, 
views, thoughts, feelings, 
intentions of the participants by 
the researcher. 

When findings were based on 
interpretation of interviews and of 
informant’s beliefs, as in the case 
study, the informant was given the 
opportunity to comments and 
correct draft of the case study 
report. Two of the informants in 
the case study made this. 



 
 

Confirmability Degree to which the results 
could be confirmed or 
corroborated by others. 

Two informants (see above) 
confirmed the findings in the case 
study based on the interviews. 
Writing papers together with a 
colleague involved in the situation 
and with a medical practitioner 
contributes to confirmability of 
results. 

 

The empirical findings in the situational inquiry in ePrescribing in Sweden have given a 
rich empirical material for generalizing into a theory on interoperation and 
interoperability. This theory, which is also influenced by the extant theories chosen and 
the experience as an inside researcher, is one possible generalization into a theory on 
interoperation and interoperability. Other extant theories and researchers would probably 
give other results with other emphasis or views, not necessarily in contradiction with the 
results presented here, but based on slightly other research interests. The presentation of 
the thesis has aimed to make as transparent as possible the research process to make it 
possible for other researchers and practitioner to evaluate the validity, utility and 
transferability (or generalizability as used here) of the theory. 

Furthermore, while the theory on interoperation and interoperability is empirically 
grounded in ePrescribing in Sweden, it is theoretically grounded in theories on 
communication and information systems that are not bound to a particular domain. This 
does also support the plausibility that it is potential to hold in the health care setting as 
well as potentially in other domains. However, it is necessary to have in mind that the 
theory has to be applied in a new specific practice context. 

10.6 Utility of the theory on interoperation 
and interoperability for practitioners 

One intention with the theory on interoperation and interoperability was to provide a 
theory that is useful for practitioners how to diagnose, design, implement, improve, and 
maintain interoperation and interoperability. In an academic work like this, it is not 
appropriate to develop detailed guidelines or handbooks. However, there have been efforts 
made to increase the utility193 of the theory for practitioners: 

• the research questions are rooted in real world problems encounter by a practitioner; 
• the research object, ePrescribing, have been described in detail from various angels, 

in ‘thick descriptions’; 

                                              
193 See section 3.5 for a brief discussion on qualities of research that increase the utility value. 
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• examples are given from ePrescribing in order to concretize the concepts the theory; 
• the author has as a practitioner written handbooks and guidelines which includes 

some of the components of the generalized theory which show that it is possible to 
concretize the concepts of the theory in future handbooks and guidelines. 

Finally, it is up to the reader to evaluate the usefulness of the theory and its transferability 
to other domains. 

10.7 Future research 
This research, in the spirit of Dewey, is both an end of an inquiry and input to further 
inquiries. Here, we will give examples of lines of research that could follow: 

• evaluate the utility of the developed theory on interoperation and 
interoperability with practitioners from various professional roles such as 
business and requirements analyst, project managers, policy makers, CIOs, 
CFOs, CEOs, architects, judicial expertise, developers, et cetera; 

• evaluate the transferability of the theory on interoperation and interoperability 
to be used in other domains than ePrescribing, such as the health care and public 
sector; 

• evaluate the transferability of the practical theory on ePrescribing to be used in 
other countries outside Sweden; 

• compare the findings on the evolution of the information infrastructure in 
ePrescribing with: 
o ePrescribing in other Nordic countries (Denmark, Norway, Finland, 

Iceland); 
o ePrescribing in other countries and regions such as Europe, America and 

Australia; 
• compare the evolution of information infrastructure for interoperability in the 

public sector in Sweden and Europe. 
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