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Customising offerings effectively for customers’ needs and wants, yet maintaining the provider’s efficiency, is a challenging task. Modularisation is a key 
to achieve this, but insight on how to create modules for customising product/service systems (PSSs) is limited. This article proposes a new practical 
method that supports designers to create service modules by extending the DSM (Design Structure Matrix). The method has been applied to existing 
PSSs by an elevator manufacturer. It was found effective because it reduces complexity in customisation, and thus response time in service provision, as 
well as increases the chance of reusing previous designs.  

Lifecycle, Modular design, Reconfiguration  

1. Introduction 

In order to create higher value for a variety of customer needs 
and wants [1], manufacturers often customise their offerings [2] 
and integrate services more and more with their products [3]. For 
instance, several dozen of interdependent services are often 
provided as a “menu” by a manufacturer on top of their products. 
This industrial trend presents providers with a number of 
challenges. First, in making a proposition that best suits a 
customer’s needs and wants, ensuring the possible and feasible 
configuration of services is a time-consuming task, due to the 
interdependency of a large number of services and the resulting 
complexity. Second, when customers’ requirements change 
during the lifecycle, reconfiguring an existing offering may be 
needed within a short response time, but is also time consuming 
due to the complexity mentioned above.  

Modularity (e.g. [4]) is a key to achieve efficient customisation 
[2]. Structuring design and provision of product/service systems 
(PSSs) [3] throughout the lifecycle by taking advantage of 
modularity reduces the complexity and would lead to notable 
benefits, such as an easier overview of available options, easier 
communication within the provider, and a faster design and 
provision process according to Aurich et al. [5]. 

In literature, PSS customisation has been pointed out as an 
interesting research area [6] and methods for PSS customisation 
have emerged, especially recently. Ki Moon et al. [7] developed a 
service ontology to represent components in a module in product 
and service family design. A conceptual framework for the 
modular design of pure services was proposed [8]. In addition, a 
framework and a design process for PSS customisation was put 
forward [9]. Song et al. [10] adopted a modified service blueprint 
and fuzzy graph to create service modules of service activities 
and resources. However, most of the methods remain on a 
conceptual level, and practical methods to efficiently create 
modules for PSSs have yet to be developed for industry. 

Therefore, this article aims to propose a new concrete and 
practical method to create modules for efficient PSS 
customisation. As a first step, service modularisation is targeted. 
For this aim, the article extends the traditional DSM (Design 

Structure Matrix) [11] and verifies the method with a real case at 
an elevator manufacturer.  

2. Problem formulation 

This article targets companies providing a number of services
for their products [12] according to a set of requirements from a 
customer. The term “service component” is introduced here. 
Components of physical products, which comprise parts of  PSS 
modules, are defined by “dimensional, aesthetical, technological 
and functional characteristics” [1]. On the other hand, what is 
modelled as components of services is not equally obvious in the 
literature. Morelli [13] describes service components with 
respect to time, human interaction, and other (cultural or social) 
dimensions. Defining the concept of a service component is 
necessary to precisely describe the proposed method so as to 
address the service aspect of PSSs. Therefore, components of 
services are defined in this article as parts of resources for the 
concerned services. They are classified into human resources, 
information, and service tools. Human resources include, for 
instance, service technicians and on-line support staff. 
Information includes the service manual and information 
regarding product use history. The service tools cover both hard 
and soft tools, e.g. repair tools and analysis software.  

Companies’ decision of including specific components 
constitutes mapping based on a given requirement set, RSk , 
which can be seen as designing in general. A company may select 
either all the service components Ci or none, as depicted by (a) in 
Fig. 1. This means provision of a standardized service offering as 
an option. A company may choose only part of components Ci as 
in (b). This can be regarded as tailor-made design according to 
RSk . This is often the case in industry at present, and the number 
of components is often several dozen. This mapping is usually 
carried out manually. As the number of components increases, 
the burden on service designers increases exponentially. The 
solution proposed by this article is to decrease the number of 
elements to be chosen, where a set of modules is derived from a 
set of components before mapping RSk  to modules Mj  is 
performed as in (c). This means customisation of offerings 
through modularisation aiming at reducing complexity. The 
problem to be solved by this article is how to make service 
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modules from given service components. Note that mapping from 
RSk  as such is beyond the scope of this article. Increasing the 
efficiency of the mapping is motivation for the method proposed. 
 

 
Figure 1. Different ways of choosing service components according to a 
customer requirement set.  

3. The method for creating service modules  

3.1. Motivation to choose DSM as a foundation  
 
DSM is a method intended for modelling, mapping and 

structuring relationships and interactions within elements of 
complex systems [11, 14]. Its properties and capabilities make it a 
fitting approach when aiming for enhanced structure, modularity 
and simplicity in PSS design: DSM allows for adjustment to the 
required level of detail and has previously been broadly applied 
in industrial companies [11]. Further, clustering algorithms 
offered as parts of DSM-oriented software packages support the 
aim of developing service modules. The flexibility of DSM also 
allows for adjustment of previous assessments in both depth as 
well as breadth [11], thereby ensuring that new developments 
can be added to existing knowledge, which in turn  leads to high 
efficiency in competitive company environments.  

DSM has been broadly applied to tackle design, operational and 
organizational challenges in industry, particularly in the case of 
“Product Architecture DSM Models” [11]. While examples exist 
showing different applications focusing on physical components, 
an approach for service modularisation is lacking at present.  

 
3.2. Description of the steps  

 
The five steps of the method are presented in Fig. 2 below. 

 
 

Figure 2. Process of service modularisation. 
 

Step 1: Describe customers’ needs and wants 
A variety of customers’ needs and wants, which can be based on 

different PSSs, both existing and potential, are described. 
Step 2: Determine level of granularity 

In order to aggregate service components into complementary 
modules, a sufficient level of detail must first be determined. This 
is to avoid sub-optimization if an overly granular level is chosen, 
as well as to ensure the meaningfulness and fit of the different 
modules, which may be jeopardized in case the included 
components can be seen as modular themselves, thus defeating 
the purpose of the method. The appropriate level may not be as 
obvious for service components as for physical components.  

The level of detail must be determined with respect to the 
service resources used, i.e. human resources, information, and 
service tools, as well as to realize the level of variety of the PSSs 
as described in Step 1. This is to be done in close communication 
with a cross-functional team involving relevant staffs from both 
service design and, even more importantly, service delivery.  

A revision of the chosen level of granularity can be necessary as 
the following steps are carried out, as indicated by the iterative 
arrows in Fig. 2. 
Step 3: Gather service components 

A comprehensive overview of the available service components 
must be created, in coherence with the chosen level of 
granularity. Here, adhering to what was decided in Step 2 is 
absolutely key in order to not miss less apparent 
interdependencies in the following steps. Comprehensiveness in 
this step is also important to ensure the usefulness and 
effectiveness of the derived service modules in PSS design. 
Literature [11] suggest consideration of the following items when 
determining the scope of a DSM assessment: 
• Boundaries of the system should be determined so that all 

relevant service components are included. 
• The expected effort should be kept in mind for keeping the 

service modules up to date by updating the DSM diagrams.  
Step 4: Assign interactions 

When describing the interactions between service components, 
again the level of granularity must be determined. In a binary 
DSM, components can only influence one another, or not. Thus, no 
gradation of different levels of influence is possible. Other 
alternatives are numerical DSM with a ranking of interactions on 
a predefined scale, and a composite DSM, which allows not only a 
ranking of interactions, but also assigning more than one 
dimension to each interaction between two components.  
Step 5: Create service modules 

This step assesses all dependencies between the components in 
an effort to cluster those service components. The clustering 
adopts existing algorithms aiming to group components that have 
as many interactions as possible with each other into a module 
and have as few interactions as possible with components outside 
its module [15, 16]. Therefore, modules created have a higher 
degree of independence from each other, meaning a higher 
degree of modularity. In cases of composite DSM, modules can 
also be derived with a focus on a certain dimension; applicable 
dimensions may be functional adjacency, information transfer, 
and human interaction. Through this, service modularisation can 
be tailored more closely towards the needs of the service 
provider. Software-based support is available to increase the 
efficiency of the clustering (e.g. Cambridge Advanced Modeller 
[17] or DSMMatrix). Otherwise, clustering can be performed 
multiple times in order to achieve a sufficient complexity in the 
resulting modules. The necessity of a second clustering step 
depends on the level of granularity determined in Step 2, and can 
help in reflecting upon the decisions made there.  



4. Empirical findings from a real case at an elevator provider 

4.1. The target provider and their PSSs  
 

The target company is elevator manufacturing company M. 
Company M is a leading manufacturer in eastern China which 
provides different types of elevators including passenger/freight 
elevators, hospital elevators, escalators, and elevator monitoring 
systems. Besides elevators, Company M offers different kinds of 
elevator-related services for their customers, such as remote 
monitoring, maintenance, repair and spare part supply. Company 
M customises their PSS offerings according to its customer needs 
and wants. Company M had situations depicted as (b) in Fig. 1, 
and also had used modularisation in an ad-hoc manner, mainly 
based on the organisational structure of their departments. 
 
4.2. Results of applying the method  
 

In Step 1, customers’ needs and wants were listed; e.g. shorter 
response time in service and better information given in the use 
phase. In Step 2, based on the outcome of Step 1, the granularity 
was carefully determined so as to obtain meaningful components 
and modules from the method. In Step 3, service components 
were identified based on the outcome of Step 2 as in Table 1.  

 
Table 1  
Company M’s elevator service components identified (excerpt).  

 
# Service components # Service components 
1 Remote monitoring system; T 27 Remote support engineer; H 
2 Elevator running data; I 28 Maintenance trainer; H 
3 Maintenance data; I 29 Elevator service tools; T 
 ... 30 Failure detection instruments; T 
Note: H, I, and T denote human resources, information, and service tools, 
respectively. 
 

In Step 4, the binary approach was applied, and binary 
interactions between different components were created. In Step 
5, those components were clustered into modules as shown in Fig. 
3. Here, the Cambridge Advanced Modeller was used. As a result, 
the 30 components were clustered into 6 modules, of which only 
three are shown in Fig. 3 due to the space limitation. The 
complete 6 modules were remote monitoring & diagnosis, 
customer care, maintenance, spare parts supply module, emergency 
repair, and supporting tools & resources.  
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Remote diagnosis system 1 1 1 1 1 … 1 1
Remote inspector (system) 1 1 1 1 1 … 1 1 1
Elevator fault alarm system 1 1 1 1 1 … 1
Maintenance data 1 1 1 1 1 … 1 1 1 1 1
Remote monitoring system 1 1 1 1 1 … 1 1 1 1
Elevator running data 1 1 1 1 1 … 1 1 1
… … … … … … … … … … … … … … … … …
Failure detection instruments … 1 1 1 1 1 1
Remote support engineer 1 1 1 … 1 1 1 1 1 1
MRO knowledge database 1 1 … 1 1 1 1 1 1
The 3rd party service partner 1 … 1 1 1 1 1 1
Elevator-related information 1 1 1 … 1 1
Repair personnel 1 1 1 1 … 1 1 1 1 1 1 1
Elevator service tools … 1 1 1 1 1 1
Maintenance manual … 1 1 1 1
Maintenance trainer 1 … 1 1 1 1 1 1  
Figure 3. DSM of Company M’s elevator service components (excerpt). 
Note: three shaded areas in the matrix mean modules 1, 5, and 6 created. 

4.3. Analysing results from the method 
 

Interactions of service components were effectively used; e.g., 
the 3rd party service partner has interactions with the 
components in the Maintenance module, but it is not clustered 
into the Maintenance module – it is in the module of Emergency 
Repair. The reason is that in this way, it has fewer interactions (8) 
with components outside the module. If the 3rd party service 
partner were grouped into the Maintenance module, it would 
have 9 connections with other service components outside its 
own module. The 3rd party service partner in the Emergency 
Repair module creates a higher degree of modularity than in 
Maintenance. Although the clustering algorithm itself is outside 
the scope of this article, the results acquired comply with the 
functionality expected from the DSM clustering. 

In the results, service skills, experience and knowledge are 
considered aspects of human resources, and packaged 
accordingly into a module which will facilitate accurate and 
efficient service dispatching. In previous service dispatching 
without using the method at Company M, the maintenance 
engineer, repair personnel, remote support engineer, and service 
quality tracking personnel were all considered homogeneous 
service engineers without acknowledging their expertise and 
special experience. However, after modularisation with the 
proposed method, the service engineers are classified into 
different types and integrated into different modules. This will 
help to enhance the service dispatching accuracy and efficiency. 
This could be regarded as a benefit of the method in practice 
considering human resources for packaged modules. Although it 
is possible in theory to do so in case (b) of Fig. 1, it tends to be 
avoided to decrease the component number and thus effort. 

Some components are clustered in the different modules as 
they are usually considered to be. In a previous manual 
modularisation at Company M, the component of Maintenance 
Data was usually incorporated into the module of Maintenance. 
This is because the Maintenance Data is generally considered one 
of the outputs of the module of Maintenance. However, by 
applying the proposed method, Maintenance Data is clustered 
into the module of Remote Monitoring & Diagnosis. In this way, 
the remote monitoring system can monitor not only the 
conditions of the elevator, but also the quality or result of the 
maintenance by analysing the maintenance data. Besides, the 
component of Elevator-related Information is generally 
incorporated into the module of Customer Care, due to its close 
relation to the customer. In the proposed method, Elevator-
related Information is clustered into the module of Emergency 
Repair, because the basic information of the elevator (e.g., 
elevator location and type) interacts within Emergency Repair 
and is indeed a critical input of the Emergency Repair. These 
examples imply benefits of the method modularising 
systematically based on interactions. 

When using one or multiple selected service modules in 
customising and then providing PSSs, each module needs to be 
equipped with sufficient resource to be able to stand alone. This 
implies a possible redundancy of the resource embedded in 
multiple modules and thus redundancy for the provider as a 
whole, similarly to DSM when applied to physical products. 
However, a trade-off relation should be emphasized between this 
possible redundancy and the inefficiency of manual 
customisation. It may be expected to provide outweighing 
benefits from the efficiency in a number of cases in practice. 

 
4.4. Feedback on the method from Company M 
 

 Service managers in Company M were invited to evaluate the 
method and results. They consider the modularisation results 
from the method more reasonable, because service components 

 
“Remote monitoring & 

diagnosis” 
“Emergency 

repair” 
“Supporting tools 

& resources” 



with strong interdependencies are clustered into a module. 
Different from this method, their previous modularisation in 
Company M was based on the business department paying less 
attention to the interdependencies between different service 
components.  Service managers also feel that the new modules 
will help them to optimise the use of service resources, and 
reduce the waste of time and energy in service design and 
delivery. According to the managers, other benefits of using the 
method at Company M include: easier customisation, more 
frequent reuse of design cases, easier and quicker backtrack of 
the cause of a problem, and faster response in service.  

5. Discussion  

The method was found effective for service modularisation 
based on the verification with a PSS case in industry. The number 
of obtained modules was substantially decreased from that of 
components input into the method, and the created modules 
were sensible to the practitioners. Benefits from using the 
method, such as a faster design and provision process in PSS 
customisation, are, in many cases, expected to outweigh the effort 
needed to carry out the method.  

The method was found practically useful. According to the 
practitioners, it especially brings, in a standardised and scientific 
manner, reasonable modularisation that may be different from 
how a company modularises service components in practice at 
present. Relevant cases in industry may involve more service 
components than found in this article. However, the method is 
still applicable to an increased number of service components, 
and the modularisation benefits become larger due to the 
exponentially increased number of combinations. Concerning 
implementation at a manufacturer, the method is advantageous 
because DSM is relatively well acknowledged in industry and 
supporting software of DSM is widely available.  

The proposed method targets service resources as components, 
and excludes service activities (e.g., failure detection activity) 
from the components. Another method for service modularisation 
[10] targeted both as components. An advantage of this new 
method is reduced complexity: it is possible to omit the 
dimension of activities, and decrease the number of components. 
All the service activities originate from service resources, in line 
with the service modelling method by Arai et al. [18], and 
therefore the proposed method does not leave out the 
constituents for services as compared to the existing method [10]. 
As another advantage compared to that method [10], this new 
method requires less mathematical knowledge of users. Yet, 
investigating the benefits of extending the method, e.g. the 
modelling scope, is a good subject for future work.    

The method is also academically new, as it extends DSM to be 
applicable to a domain of service modularisation by defining 
service components. The discussion of how service 
modularisation was performed concretely (in Section 4.3) also 
advances scientific insights in literature. Thus, knowledge of 
service modelling is advanced. This knowledge is a prerequisite 
to address product and service modularisation in a parallel and 
integrated manner for PSS modularisation. 

6. Conclusion and future work 

This article proposed a new practical method to create service 
modules from service components as resources (human, 
information, and service tools) for efficient customisation of PSSs 
by extending DSM. Thus, it contributes through the extension of 
DSM into the realm of services. The method was verified by 
service modularisation for PSSs at a manufacturer. In addition, 
the article provided some new concrete insights for service 
modularisation as discussed in Section 5.  

Future work will include; 1) extending the method for PSS 
modularisation and 2) investigating the pros and cons of different 
modelling methods (both as stated in Section 5), as well as 3) 
verifying use of the two other alternatives in Step 4 with a case. 
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