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1. INTRODUCTION 
 
 
 

“This is how it looked like – the first Viggen!” (Saab-minnen, 2016, p. 5). The heading of a 

piece in magazine describing the events that influenced the creation of the aircraft Saab 37, 

also known as Viggen. It was simple drawings on grid paper and a paper airplane model 

which was flown in the office corridor that were described as the first steps in the creation 

process. The engineers demonstrated specific characteristics or maneuvers of the paper 

planes’ capability that they had. The flights were conducted in a long narrow corridor in an 

office part of Hangar 1. “Some of us had a slight straight-wing model about 15 cm in width, 

which could do three loops in a row when thrown correctly”, Erik Kullberg remembers 

(Saab-minnen, 2016, p. 5). This was verified with calculations and there it was: “The aircraft 

37 was on its way…” (Saab-minnen, 2016, p. 5). 

 

 

The story above illustrates examples of prototyping: models created to test a product or 

service that is to be developed, replicated or learned from. Prototyping can be seen as 

incremental iterative refinement (Buxton via Design Shack, 2015) and is embraced because 

its benefits including communication and collaboration, reducing waste while feasibility 

gauging, help for selling the idea, setting design priorities as well as testing usability in order 

to find errors and fix them earlier (Warfel, 2009). As a physical result of this process, 

prototypes come in different shapes and ways – sketches or blueprints, 3D or simulations, 

low-fidelity or high-fidelity. 

 
 

“Not only do prototypes help provide proof of concept, they more importantly expose any 

usability flaws behind the wireframes and mockups” (Design Shack 2015, para 1). According 

to Jensen et al. (2017) development prototypes have gained a significant role as tangible rapid 

learning cycles in recent research on radical innovation. It has been argued that collaborative 

prototyping can furthermore provide a platform for prototype-driven problem solving in early 

stage of product development (Bogers & Horst, 2014). 

 

 

The design problems are generally in a form of wicked problems (Conklin, 2005). This type of 

problem is often ill-defined and exists in a frequently changing complex environment (Conklin, 
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2005). Wicked problems demand unusual thinking and specific approach (Conklin, 2005). 

Consequently, methods and tools that are normally used for tame problems will barely provide a 

suitable solution for wicked problems (Conklin, 2005). Solving that type of problem always 

involves choice (Ackoff, 1978) that is evaluated in cognitive and experiential search (Gavetti 
 
& Levinthal, 2000). Prototyping helps in evaluation of possible choices and fast learning, so it is 

an important tool for developing problem-solving competence (Jobst & Meinel, 2014), that 

enables to create extra value and provides solid innovation returns (Newell & Simon, 1972). 

 
 

The process and success of product development have strategic importance, however 

following Mascitelli (2000) only little is known how valuable breakthroughs are achieved. 

Sefelin et al. (2003) support these doubts and uncertainties by stating that there is a lack of 

empirical studies comparing various prototyping tools to prove literature examples. This leads 

to a need of observing prototyping tools and their effect on design process. Design process 

being presented as a wicked problem demands knowledge for adequate assessment of 

alternatives (Simon, 1996). According to (Erichsen et al., 2016) prototyping tools may entail 

great potential to better capture and transfer knowledge in product development. Therefore, if 

prototyping tools enhance the way to gain knowledge and thereafter, evaluate choices, there 

is a need for understanding how to develop prototyping tools. A lack of reasoning how 

organizations are currently prototyping (Jensen et al., 2017) then becomes crucial for 

companies and any product development process. 

 
 

1.1 Research question 
 
 
 

As mentioned above there are claims over a lack of reasoning how organizations are 

prototyping, and, moreover, a lack of empirical studies comparing different prototyping tools. 

We need to understand if prototyping has significant influence on problem solving process, 

evaluation of choices and whether it may further increase efficiency of design process which 

is considered as problem solving of this paper. The aim is to seek explanatory and descriptive 

answers on how. The research question is: 

 
 

How has the development of prototyping tools impacted on 
 

evaluation of choices in design process? 
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The research was conducted by studying the development of prototyping tools at Saab, a 

Swedish military defence and civil security product, services and solutions provider. The 

purpose of this research was to map a historical overview of prototyping tools used in the 

aircraft design process in order to answer the main research question. The structure of the 

thesis is presented in the following chapter. 

 
 

1.1 Purpose and significance of the research 
 

 

In this research, the focus is on prototyping tools used to evaluate alternatives in the design 

process from initial concepts to finished products. While examining prototyping tools, theory 

of problem solving and search processes formulate the main theoretical frame for the 

analysis. The research reflects the linkages between using more advanced prototyping tools 

and efficiency of design process. This connection to prototyping tools is not highlighted in 

prototyping theory in addition to the lack of empirical studies comparing different 

prototyping tools. The research contains the case study of Saab that depicts how using 

different prototyping tools can affect prototyping process, enhance solving wicked problems 

in design by changing the way of evaluating choices. 

 
 

Therefore, this research has an academical contribution and significance for organizations 

who are using prototyping tools. By better understanding how organizations are prototyping 

and dealing with the development of prototyping tools will improve efficiency and problem 

solving skills. Moreover, understanding of the development is “valuable for advancing 

management knowledge” (Langley et al., 2013, p. 1). 

 
 

Key words: Prototyping, prototyping tools, problem solving, wicked problems, online and 

offline evaluation of choices, design process. 
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2. RESEARCH METHODOLOGY 
 
 
 

The aim of this research was to map the historical overview of prototyping tools used for 

aircraft design at Saab in order to find impacts of this development. As a result of several 

interviews a timeline was created and this chapter entails what was done in the research and 

explains how and why certain steps were taken. 

 
 

2.1 Research design 
 
 
 

Our research design was strongly influenced by the nature of a design thinking project with 

Saab that we were participating simultaneously. Based on the project we found prototyping to 

be interesting object for the research due to several linkages to organizational theories. 

Therefore, the theoretical frame was designed so that we could reflect the historical 

development of the prototyping tools to theories connected to factors that are central for a 

company’s performance. The research was initially inspired by Gavetti and Levinthal (2000) 

because of their view over search theory and evaluation of choices. This article made us look 

into evaluation of options more broadly as a part of problem solving process, since 

prototyping is a way of dealing with design problems (Dorst, 2011). 

 
 

Our interest toward a combination of prototyping and organizational theories was supported by 

Langley et al. (2013, p. 1) who state that “understanding process questions is important and 

valuable for advancing management knowledge”. Due to our limited access to classified material 

at Saab and the theoretical lack of prototyping tools made us look more in-depth into the tools and 

their influence. For example, we noticed that a model presented by Plattner et al. (2014) presents 

factors of wicked problem solving competence, including wicked problem self-efficacy, 

prototyping skills and training but excludes prototyping tools. Furthermore, related to our project 

with Saab, we visited the Swedish Air Force Museum and EMBRAER that made us more 

engaged to look into the usage of prototyping tools in aircraft design in particular. 

 
 

In order to examine how different prototyping tools have changed, it started to become clear in 

the beginning that we needed to look into prototyping from different time periods to find patterns 

or the most crucial changes. Since we were mapping the historical overview of prototyping tools 

and their influence on prototyping, evaluation of choices, and design process, 

 

9 



 
qualitative methodology seemed to serve our purpose. Langley et al. (2013) support our 

decision by stating that most of the process studies adopt qualitative methodology “to capture 

the nuances of processes in and around organizations”. Following Langley et al. (2013) 

process studies have been underrepresented in management journals, which created an 

opportunity for us to make a contribution in methodology-wise through our process study. 

 
 

Since we chose to look at design process as problem solving, the structural overview starts 

with the theoretical concept of problem solving. Since design problems exist usually in a 

form of wicked problems, the problem solving chapter focuses on wicked type of problems. 

Further we present evaluation of options as a part of problem solving process. The main focus 

of this research culminates around prototyping that is connected to wicked problem solving 

and evaluation of options. The interrelatedness between prototyping and business field such 

as management and organizational structures is also presented at the same time as well as the 

relevance of it. 

 
 

The theoretical frame is designed to use the theory as a tool to analyze the collected data. 

Therefore, we present a visualization model of the relevant theories as an outline. By having 

the theory as a core of the paper, it is continued with the empirical case story and a timeline 

that is created based on the data collection. Thereafter, the development is analyzed with the 

aim that the empirical findings could supplement the theory with practical examples. The 

theoretical visualization model and its parts are utilized as a tool for analyzing the empirical 

data. Thus, the paper concludes with an overview of the findings as well as argumentation of 

the usage of prototyping tools in an organization regarding the evaluation of choices when 

facing wicked problems. 

 
 

2.2 Single case study 
 
 
 

The relatively long historical development and the nature of process study, led us to a decision of 

conducting a single case study. The type of case applied is explanatory and interpretative case 

that uses historical information focused around questions (Cunningham, 1997). This decision was 

supported by Cunningham’s (1997) intensive methods that a case study can produce a unique but 

typical history of experiences and events, description or interpretation as a result. Since, a case 

study can also be qualitative study, it was compatible with having a 
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qualitative process study. The possible data acquisition methods can vary between surveys, 

interviews, observation and utilization of archives in case studies (Järvinen & Järvinen, 

2004), which served our need to conduct interviews and analyze archive materials. 

 
 

The Eisenhardt’s (1989) eight research steps described by Järvinen and Järvinen (2004) were 

followed in this research to conduct a case study that is based on a reliable research method. 

Firstly, the research question was formulated but theory or any hypothesis were not created since 

space was left for theoretical flexibility. However, the question definition was enough to guide 

our actions. In Eisenhardt’s (1989) steps the second one is the choice of cases. Even though we 

knew about a possibility of writing the thesis with Saab, we received a confirmation after we had 

started to outline possible research questions in mind. Thirdly came choosing the tools and 

working methods. Next step was going to the field in order to carry out data collection and 

combine that for the analysis. After analyzing the data, we formulated hypothesis that usually 

strengthens and broadens the theory. As the seventh step, was to examine and reflect the findings 

with theory and literature that agrees and disagrees. This was important in order to create validity 

in content wise as well as to sharpen the definitions of the concepts, increase theoretical level of 

the paper and enhance generalization of the findings. Lastly, we ended the process. Eisenhardt 

(1989) describes the last step to be achieved when an additional case would produce only a little 

of improvement. Regarding the limited scope of this research and long duration of prototyping 

history at Saab, additional cases of different companies or further research within this case would 

provide more in-depth interrelations, causal connections and understanding. In that sense, the last 

step of Eisenhardt’s (1989) process was not fulfilled. 

 
 

We chose case study as the methodology of this research also because according to Yin (1989) 

case studies can answer to questions how or why with an aim of explaining causal connections or 

usually events from a longer time period. Also, a case study can be applied when finding answers 

to more explorative question what (Yin, 1989). Yin (1989) highlights the importance of practicing 

and planning of data collection. During the empirical research and interviews, we noticed what 

Yin (1989) additionally points out: presenting the right questions, guiding a semi-structured 

interview, and interpreting the answers can be challenging at times. The case study methodology 

required us to be flexible in terms of asking new questions during the interviews if the person did 

not act expectedly and read the conversation and situation between the lines in order to achieve 

the goal of the research. However, the methodology also gave us flexibility in terms of who to 

interview. Nevertheless, the empirical phase required a well-established 
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knowledge about the topic. Additionally, when creating a joint timeline collected from different 

interviews, it was crucial to identify contradictory information, not just connections in stories. As 

Miles and Huberman (1994) emphasize, when choosing a single case, one must pay attention 

what might be found out when interviewing certain people, focusing on certain events, or 

following certain processes. Therefore, we chose to pay attention to the different prototyping 

tools, significant changes in the organization and the development of the aircraft over the years. 

 
 

2.3 Data collection and analysis 
 
 
 

After evaluating our options for collecting data, we chose interviews to be our main source 

due to several reasons. We compared the goal of the research and data collection between 

how much access we would get since most material was classified. Additionally, since 

documentation has been made and stored differently throughout the past, interviews were an 

efficient way of collecting information. 

 
 

2.3.1 Saab 
 

 

Saab (Saab Group, originally Svenska Aeroplan AB, later Saab AB) is a Swedish company 

which provides military defence and civil security product, services and solutions. Saab 

divides their solutions into air, land, naval, security and civil aerospace. Saab was founded in 

1937 and nowadays it operates worldwide within the industry of aerospace and defence. 

 
 

Saab was a natural alternative for the research due to the already existing collaboration 

regarding the additional project. Saab is also a company where product development is one of 

the key processes. The company has a long history and well-established position with 

governmental support in Sweden. Due to the nature of the company, it is relatively little 

researched and, therefore, an interesting environment. Furthermore, the military field is 

historically known to be innovation driven in its own way and some innovations have been 

refined for civil usage, e.g. GPS. The focus of the research at Saab was narrowed down into 

aerospace side meaning aircraft development. This was a new context for both of us. Even 

though we were curious toward this newness, we realized soon in the beginning the need to 

learn engineering vocabulary related to aircraft design to interpret information accurately so 

that this would not become a barrier for our research. 
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2.3.2 Interviews 
 

 

Interviews were semi-structured in order to leave space and possibility for discussion. 

However, at the same time the questions were needed in order to improve comparability in 

the way of asking questions and discussing about same topics despite the events would take 

place in other decades. In other words, the semi-structured interview guided us to fill out the 

timeline from the same perspective throughout the history. 

 
 

The interviews were conducted with people who had been or were involved in the 

development or implementation of the prototyping tools as well as the users of those tools. 

The priority was to collect first-hand information. Most of the interviewees had additional 

material to support the interviews such as publications, articles, documentations, unclassified 

archive material and presentations. This secondary data was concluded in the case story as a 

part of the interviews. These forms of data collection served our research methodology as 

well, since according to Van de Ven (2007) a typical longitudinal study can include 

interviews with key managers and participants and documents or reports from news media 

and organizational archives as a way of gathering data. 

 
 

2.3.3 Narrative and timeline 
 

 

The research produced a timeline that shows the development of prototyping tools at Saab. 

The strategy for creating a timeline was to go back in time when Saab was founded. The 

decision of researching development over 80 years felt too broad at times. However, Van de 

Ven (2007. p. 196) claims that a “change can be empirically determined by longitudinal 

observations of the entity over two or more points in time on a set of dimensions, and then 

noticing a difference over time in these dimensions”. In case a noticeable variation can be 

observed, it can be stated that the entity has changed (ibid.). This supported our decision to 

examine such a broad historical period. 

 
 

The company was founded in the late 30’s when the product design was approached by using 

primitive prototyping tools. Already in 20 years it had significantly changed due to the 

technological development. It was decided to start analyzing from the very beginning to show 
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how the amount of online evaluation of choices reduced with the changes in prototyping 

tools, therefore, improving the problem solving skills in aircraft design. Firstly, the emphasis 

was on getting the years of different milestones. Below the years, we listed the different tools 

used in each time period. In addition to the tools, we listed impacts that were brought to our 

attention during the interviews. These impacts were organizational, structural and matters 

related to working methods among other things. The timeline was connected to relevant 

aircraft produced by Saab in order to illustrate what was developed in practice. 

 
 

However, while conducting the narrative and timeline, we observed what Langley et al. 

(2013, p. 5) claim: “each event arises out of, and is constituted through, its relations to other 

events. Each event can be further analyzed in terms of smaller events”. Writing the case story 

turned out to be more challenging than we expected. The length of the examined time period 

made it harder to pay attention to right events and size of the events. To sort out and prioritize 

the information, we started by going through our notes from the interviews and afterwards, 

listening to the interviews. Additionally, a preliminary timeline was created with each 

interview. Later all the timelines were combined and the accuracy was confirmed by three 

interviewees. 

 
 

One joint overview was designed to illustrate a toolbox for prototyping. Based on that the 

overview could be analyzed, how and why it had developed and what were the impacts of the 

development. By organizing everything on a chronological timeline and categorizing the 

output of interviews, we sought patterns or factors that maintained to be valid despite 

different time periods. When analyzing the case story in addition to the timeline, our 

approach was to keep a connection between empirical data and theory. The timeline was 

designed to complement the theory also, since we aimed to find out how tools had developed 

over the years and what sort of impacts they might have had in practice. 
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3. THEORETICAL BACKGROUND 
 

 

3.1 PROBLEM SOLVING 
 
 
 

“We cannot solve our problems with the same thinking we used when we created them.” 

Albert Einstein. 

 

 

According to one of the traditional theories of problem solving presented in 1972 by Newell 

and Simon, every problem exists in its own environment involving other related aspects as 

well. Based on the difference between certain and uncertain problem core and the 

environment it exists in, the problems are classified into three subgroups: tame, wicked and 

crisis (Grint, 2005). Tame problem can be intricate but exist in a fairly uncertain environment 

and can be solved in unilinear manner, such as planned surgery. As a comparison, wicked 

problem is complex with no clear structure, goal or ending point (Grint, 2005; Jobst & 

Meinel, 2014; Rittel & Webber, 1973). There is no “right” or “wrong” solution that could be 

built through unilinear process, for instance, a strategy for healthcare sector (Rittel & 

Webber, 1973). Critical situation is another type of the problem that involves crisis situation 

and demands immediate action, such as a terrorist attack (Grint, 2005). 

 

 

Design of a complex product, such as aircraft, may involve all types of problems. However, 

generally design problems are in a form of wicked problems (Conklin, 2005). Therefore, the 

theoretical chapter as well as the further research is focused on the wicked problems and the 

process of problem solving in the context of complex product design. 

 
 

3.1.1 Wicked problems in complex product design 
 

 

Product or service design is a challenging process with a wide range of constraints and needs 

various mental models to deal with a task (Houde & Hill, 1997). Design problems are often 

ill-defined and exist in a complex environment that tends to change rapidly and, therefore, 

barely can be controlled (Rittel & Webber, 1973; Jobst & Meinel, 2014). In the 60’s that kind 

of problems were given a name of a wicked problem and identified usually to occur in design 
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process by the design theorist Horst Rittel. Wicked problems were defined as a "class of 

social system problems which are ill-formulated, where the information is confusing, where 

there are many clients and decision makers with conflicting values, and where the 

ramifications in the whole system are thoroughly confusing” (Churchman, 1967, p. 1). Due to 

the ill-structure of wicked problems, usual thinking, tools or methods that are used for tame 

problems do not give an optimal result (Jobst & Meinel, 2014). However, even partial 

formulation of a wicked problem introduces the formulation of the solution (Rittel & 

Webber, 1973) and influences on the problem characteristic. 

 
 

Simon (1973) makes a clear distinction between well- and ill-defined problems. However, 

Dorst (2006) questions whether the line is as easily identified in practise. If problem solving 

involves learning or redefining the problem (which is typical for the wicked problem), the 

problem is likely to be ill-defined (Dorst, 2006). Moreover, none of the problems in real 

world can be well-defined (ibid.). While the way to create a solution for the ill-defined 

problem is to learn and define its structure (ibid.). Thus, through the learning process problem 

becomes well-defined (ibid.). This requires analyzing and systemizing problem environment 

in order to create a structure of the problem (Thienen et al., 2012). 

 
 

According to Ackoff (1978) a problem environment consists of five main components of (1) 

decision makers who are involved into the problem solving, (2) controllable variables, (3) 

uncontrollable variables, (4) other factors existing dependently or independently from 

controllable or uncontrollable variables, (5) possible outcomes depending on a decision 

maker choice and uncontrollable variables. In addition to the complex structure every wicked 

problem is an indication of another “higher level” wicked problem (Rittel & Webber, 1973; 

Ackoff, 1978). Product design is an example of a rising complexity when the design problem 

is divided into small subproblems since each of it will lead to a new problem environment 

with other multiple constraints (Jobst & Meinel, 2012). 

 

 

The trap here lies in intuitive approach to a problem when “facing a difficult question we answer 

an easier one instead, usually without noticing the substitution” (Kahneman, 2011, p. 12). 

Moreover, a barrier that people face in processing information is related to a limited ability to 

analyze problem complex structures (Newell & Simon, 1972). Wicked problem as a mixture of 

specific information from various fields, demands great mental ability and concentration to work 

in constant ambiguity and deal with complexity of the problem. Overload of human 
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memory in that case affects long-term memory capacity and thus, limits finding necessary 

information (Jobst & Meinel, 2012). Furthermore, when it is not possible mentally to deal 

with a problem, human mind tends to simplify the problem (Newell & Simon, 1972). 

Therefore, it leads to the simplified solution that will not be satisfying (Jobst & Meinel, 2012) 

and there is a risk that when a subproblem is solved, it is taken as a final solution to the main 

problem. Thus, it is important that design team stays open-minded and thinks creatively of the 

challenge (Ackoff, 1978). Thorough exploration of the task environment enables them to 

learn fast and build a solution carefully due to the users’ needs (Thienen et al., 2012). 

 
 

The complexity of design problem is increased because members involved in the design 

project have usually different specializations such as engineering, product design, 

management, etc. (Houde & Hill, 1997). This means that project members have usually 

different experience, mental models of the world and perspectives on the product design 

(Houde & Hill, 1997). Since there is no clear definition what design is, project members 

interpret design process differently and cannot follow common project philosophy, goals and 

procedures that should be implemented to create a product (Buchanan, 1992). Therefore, 

wicked problem occurs when efficient communication and learning should be enhanced 

among designers and scientists (Buchanan, 1992; Thienen et al, 2012). Design of a complex 

product involves various sciences into the process, such as physics, chemistry, mathematics 

etc. For a designer, it is rarely possible to fit the design challenge into one of those, and it 

triggers a problem in communication between participants (Buchanan, 1992). Furthermore, as 

previous design research shows, user problems and preferences may enhance problem 

wickedness as well (Rittel & Webber, 1973). 

 

 

In case of a wicked problem, complexity of its environment does not allow to find a solution 

through the linear process. Further, problem solving is considered as a process of achieving 

desirable goals in complex product design. 

 

3.1.2 Problem solving in complex product design 
 

 

According to the traditional definition of a problem, one occurs when at the starting point 

there is not enough specific knowledge or understanding of how to reach the goal (Newell & 

Simon, 1972). The goal can be represented by a physical object or can be quite abstract. This 

process can be presented by the following equation (Dorst, 2011): 
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WHAT + XXX = RESULT 
 

 

Pursuing a goal, or solving a problem, usually demands physical actions (running, writing), 

perceptual activity (looking, listening) or mental (analyzing, investigating) (Newell & Simon, 

1972). In this representation of problem solving process unknown way how to solve the 

problem is named in the equation as XXX. However, wicked problem solving in product 

design context has more complicated structure (Dorst, 2011): 

 
 

YYY + XXX = VALUE 
 

 

Wicked problem in complex product design means that both the product (YYY) and working 

principle (XXX) should be identified at the same time (Dorst, 2011). The equation with two 

unknown variables is usually interpreted as a design process scheme reflecting a wicked 

problem that a company is looking a solution for (ibid.). Wicked problem as a product design 

problem does not have right or wrong solution (Rittel & Webber, 1973). In the product design 

context, however, users’ needs tend to change rapidly with the time (Ackoff, 1978). “Every 

solution to a wicked problem is a “one-shot operation”, every attempt counts significantly” 

(Rittel & Webber, 1973, p. 163). If design team did not manage to produce a solution that 

covers customers’ needs, the process cannot be started again from the beginning (Rittel & 

Webber, 1973). Thus, design team is fully responsible for the solution it presents (ibid.). 

 
 

However, a problem can be solved in the most suitable way when it is extremely close to 

satisfy customer needs (Ackoff, 1978). Product design demands a rapid solution that is ideal 

for a current time since the solution can be always improved by future aspects such as more 

advanced technology or new information, knowledge, understanding and wisdom (Ackoff, 

1978). As stated above, design team members have different perspectives on the problem 

core and its environment and, thus on the way, it should be solved. Thus, the final solution 

can be ideal for one of the participants and not good enough for the other (Ackoff, 1978). 

 
 

In practice, according to Newell & Simon (1972), the behavior of problem solver is adaptive. 

Facing a problem human mind works as an adaptive toolbox (Gigerenzer & Todd, 1999). It 

consists of several cognitive mechanisms for reasoning and analyzing. The mechanisms were 

developed with the evolution of human mind presenting a basis for the problem solving 
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(Bettman, 1979; Cosmides & Tooby, 1992; Payne et al., 1993). Thus, the problem solver 

behavior is affected by the situation he is in (Newell & Simon, 1972; Gigerenzer & Todd, 

1999). Problem solving is based on creating a representation of a problem environment using 

the mental models (Ackoff, 1978, Newell & Simon, 1972). Often it may happen when the 

problem solver fails to identify the root of the problem and, thus, focuses on the symptoms of 

the problem (Ackoff, 1978). Therefore, the representation may contain errors of the problem 

environment, and, created solution for the problem is wrong and does not solve the problem 

(Ackoff, 1978). Early error spotting leads to intelligent and educated way of problem solving 

and successful innovation (Proctor, 1999). 

 

 

Every individual has cognitive mechanisms as mental models which has a significant role in 

problem solving process (Bettman, 1979; Cosmides & Tooby, 1992; Payne et al., 1993). 

Cognitive search for a problem solution is complemented with experiential search with 

interrelation between online and offline evaluation of choices (Gavetti & Levinthal, 2000). 

The importance of balancing those two and their role in problem solving is described in the 

following chapter. 
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3.2 EVALUATION OF OPTIONS 
 

Wicked problem solving always involves choice (Ackoff, 1978), evaluation of alternatives 

and making judgements (Newell & Bröder, 2008). Following Gavetti and Levinthal (2000), 

the cognitive-based choices are made with the mental models of the world people have and 

cognitive map of action-outcome linkages. The efficiency of the action choice depends on 

how accurate the linkages are (Gavetti & Levinthal, 2000). Cognitive search involves a form 

of evaluation of a choice with no real engagement into testing it and is called offline 

evaluation (ibid.). It is used to frame a problem environment and simplify it (ibid.) due to the 

limited mental capability of human mind. 

 

 

Halford et al. (1994) identified three dependent and one independent variables that human 

mind is able to process at the same time. Therefore, usually the behavior of a problem solver 

is led by simplified representations of a problem core and its environment (Gavetti & 

Levinthal, 2000). Nevertheless, understanding of the world is limited by that person’s mental 

model of the world and simultaneously the responses are restricted by the experiences he had 

(ibid.). Furthermore, mental models of the world that people have are affected by the 

experience they get over the years (ibid.). 

 
 

The experience-based choices are based on the feedback any solution gets during its real 

testing. In constantly changing environment experiential search plays a role of a sense making 

tool (Gavetti & Levinthal, 2000). Regarding experience, March (2010) questions what should 

be the role of experience in creating intelligence especially in organizations. As Gavetti and 

Levinthal (2000) describe that organizational behavior comprises both forms of intelligence; 

backward-looking logic of stimulus-response learning and a forward-looking logic of 

consequences. However, Gavetti and Levinthal (2000) support March (2010) on the claim 

that experience can be inadequate. According to Gavetti and Levinthal (2000, p. 135) 

“intelligent action is driven both by one's understanding of the world and adaptive responses 

to prior experiences”. 

 

 

The more favorable form of experience for the organization is direct experience. Individual 

who gained “know-how” or “procedural” knowledge can create more precise action-outcome 
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linkages (March, 2010). When further development has become limited, a fresh perspective 

can stimulate changes in cognitive representations (Gavetti & Levinthal, 2000). The changes 

that are implemented substantially will lead to the superior innovation result (Gavetti & 

Levinthal, 2000). Therefore, it is a matter of importance for a company to monitor formation, 

persistence and adoption of cognitive representations because even simple models of the 

world have a great potential to guide search processes (Gavetti & Levinthal, 2000). 

Furthermore, individual interpretation influences significantly on the design process and how 

the alternatives are evaluated (Dorst, 2006). The reason is in subjectivity of interpretation that 

may cause errors in creating problem representation (Ackoff, 1978). 

 

 

However, March (2010) points out the dilemma and disagreement that lies in the pursuit of 

intelligence: “In almost every kind of specialized human activity, experience effects are 

positive. Experience, however, is not a perfect teacher” (March, 2010, p. 102). Therefore, 

problems are partly born already in a phase of thinking, but, especially, when the learning 

from experience is confused by its quality and structure (March, 2010). 

 
 

To sum up, experienced-based choice is based on positive and negative enforcements of 

previous choices. The way of evaluating choices happens online though actual experience and 

therefore, the variety of considered options is narrow and the alternatives are similar to each 

other. In the online evaluation, alternatives are “local”, meaning they are relative to the 

specific situation where the evaluation has to be made. Comparing to offline mode of 

evaluation, which is used for cognitive-based choices, the alternatives are “distant”. The 

variety of considered options is broad and enables to consider more extensive alternatives 

since there are no real consequences. In other words, the cognitive-based choice is based on a 

problem solver’s mental models of the world. (Gavetti & Levinthal, 2000) 

 

 

One way of creating a physical representation of the problem as well as the environment it 

exists in is prototyping (Thienen et al., 2012). Prototyping demands certain knowledge about 

the problem and bases a solution on the mental models the participants have (Jobst & Meinel, 

2012). Due to the limitations of human minds to process complex data, prototyping enable to 

transfer knowledge into physical object that helps not to lose important information. It is a 

rational approach of solving wicked problem in product design (Thienen et al., 2012) that is 

presented in the following chapter. 
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3.3 PROTOTYPING 
 
 

 

According to Dorst (2011, p. 521) design thinking has become popular and is seen as “an 

exciting new paradigm for dealing with problems”. Design thinking and prototyping have 

become relevant and more and more common. From a business perspective, design thinking 

utilizes methods and an approach to match user’s needs and experience with feasible 

solutions which can furthermore be converted into customer value and market opportunities 

with a prospective business strategy. The methodology of design thinking has emerged from 

engineering and design over the past thirty years and it “integrates human, business and 

technical factors in problem forming, solving and design” (Leifer & Steinert, 2011, p. 151). 

Design thinking “promotes iterative learning cycles driven by rapid prototyping” and creates 

innovations, products, systems, and services through prototyping and with a user-centric 

perspective (ibid.). 

 
 

In order to “understand and test possible solutions to complex or wicked problems”, 

prototypes are needed for learning possibilities that they provide (Hobday et al., 2012, p. 21). 

Prototypes are also considered to be valuable form of visualization for generating solutions 

within design (ibid.). Furthermore, for example engineering design “aims to generate 

alternative solutions to satisfy performance requirements and software specifications” that 

aircraft development represents well (Leifer & Steinert, 2011, p. 151). 

 
 

Better understanding the value of prototyping, how organizations are prototyping and using 

different tools for that matter, gives a foundation to seek linkages further to problem solving 

as well as evaluation of choices, theory of search processes. This chapter will not focus on 

prototypes as products rather on prototyping as activity. 

 
 
 

 

3.2.1 Defining prototyping 
 

 

“If Ernest Hemingway, James Mitchener, Neil Simon, Frank Lloyd Wright, and Pablo 

Picasso could not get it right the first time, what makes you think that you will? – Paul 

Heckel” (Buxton, 2007) 
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In the history of Apple, there were failures. For instance, the hockey-puck shaped mouse 

which did not serve for usability. However, the failures along the journey were a learning 

process and key to success. Steve Jobs needed to fail in order to succeed (Buxton 2007). The 

same mindset applies for prototyping. It is a process of exploring ideas, failing often and 

learning quickly (Warfel, 2009; Plattner et al., 2014). In the case of Apple, Buxton (2007, p. 

52) believes that “some of the design flaws in the device’s user interface could – and likely 

would – have been caught if the user interface designers had been involved earlier in the 

project”. As an example of the process, iPod is considered to be an ‘overnight success’ by 

some, however it took more than three years to do so, and four device generations to develop 

into what is was when it flourished (Buxton, 2007). 

 

 

“If people try on jeans before buying them and test-drive cars before signing the check, then 

it only makes sense to test your designs interactively before they go into development” 

(Design Shack, 2015). Comparably, athletes regardless of their sport train to become faster 

and stronger, since practice is a crucial part of learning to become better. Warfel (2009) 

describes building a product or service before testing it as insane and compares that to 

athletes competing without practicing beforehand. Therefore, Warfel (2009) claims that 

prototyping is not just another tool for a design toolkit, rather it is a design philosophy. “As 

you practice, you learn, and as you learn, you improve” (Warfel, 2009, p. XII). Prototyping is 

a way of practice. Leifer and Steinert (2011) support this philosophy by arguing that 

prototyping is a way of minimizing time and barriers to learning. 

 
 

As a part of understanding prototyping, it is vital to also know what prototypes are. 

Prototypes are early samples or models built to test a product, concept or service that is to be 

developed, replicated or learned from. Prototypes come in different shapes and ways – 

sketches or blueprints, 3D or simulations, low-fidelity or high-fidelity. Prototypes can be used 

in different fields and for various purposes. Prototypes can be used to provide proof of 

concept functionality but also to expose possible usability flaws (Design Shack, 2015). 

 
 

However, prototypes should not be confused with prototyping, but be merely considered as one 

outcome of prototyping activity. According to Buchenau and Suri (2000) prototyping is a key 

design activity and as an activity prototyping can be seen as “incremental repetitive refinement” 

(Buxton, 2007, p. 138) or as “a rapid, iterative process” (Warfel, 2009, p. 100). By referring to an 

iterative incremental refinement, Buxton (2007, p. 388) clarifies that “prototyping is like a 
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spiral closing in along a single trajectory”. Each prototype acts as a refinement of the 

previous one, taking the designers closer to a finalized product by each new prototype 

(Buxton, 2007). Therefore, prototyping should not be considered as direct technique for 

exploration, but more as form of frequentative refinement and validation (ibid.). To illustrate 

the difference, Buxton (2007, p. 388) compares prototyping as “incremental repetitive 

refinement” to design as “branching exploration and comparison”. This way design is seen as 

exploring and comparing alternatives of different paths where only one will be part of the 

product and the choice of the path can be changed (Buxton, 2007). 

 
 

Figure 1. Prototyping process  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Source: Recreated by the authors based on Buxton, 2007. 
 

 

Helander et al. (1997) propose an additional perspective in the terminology about prototypes of 

interactive artifacts used by designers. With the term artifact, Helander et al. (1997) mean the 

interactive system that is being designed. It “may be commercially released product or any end-

result of a design activity such as a concept system developed for research purposes” (Helander et 

al., 1997, p. 369). Twenty years ago the terminology was focusing merely on attributes of 

prototypes. In other words, the focus was on used tools or how refined-looking or 
 
–behaving the attributes were. Helander et al. (1997, p. 379) claim that “tools can be used in 

many different ways, and resolution can be misleading”. Therefore, they present a model that 

can be used to categorize design problems with three different questions; 1) what role will the 

artifact play in user’s life, 2) how should it look and feel, 3) how should it be implemented? 
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According to Helander et al. (1997), each question may benefit from a different approach of 

prototyping. 

 
 

Figure 2. A model of “what prototypes prototype”  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Source: Recreated by the authors based on Helander et al., 1997. 
 

 

The model can be used to separate design issues despite the scope or size of the given design 

problem to help evaluate and choose certain type of prototyping approach (Helander et al., 

1997). Moreover, the model helps to visualize the focus point of exploration. By marking 

where the prototype fits on the triangle shaped model, it shows the purpose of the prototype 

for the designers as well as their audiences. Further, it indicates the purposes of the prototype; 

what is it intended to explore and what not (ibid.). 

 
 

Even though, the model presented by Helander et al. (1997) can be seen as a relative and 

subjective representation, since it implies the designer’s own judgement, it illustrates one 

additional aspect of prototyping. Since “testing critical functions is a central feature of the 

iterative prototype development process” (Leifer & Steinert, 2011, p. 151) and prototypes are 

created to answer questions, the amount and quality of questions is crucial (Schrage, 1996). If 

a design problem is tried to be solved by creating separate prototypes assigned for different 

parts of the problem, it enables more specific and clear questions to be addressed before 

integrating the findings for the final solution. “It was more efficient to wait on the results of 

independent investigations in the key areas of role, look and feel and implementation than to 

try to build a monolithic prototype that integrated all features from the start” (Helander et al. 

1997, p. 371). After working enough on the separate prototypes, an integrated version might 
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evolve more easily. A design problem can be approached from multiple points of view 

simultaneously by prototyping different parts. The model presented by Helander et al. (1997) 

can ease to further develop and communicate prototyping strategies afterwards. 

 
 

Prototyping can appear in different forms or be referred with different terms. Buchenau and 

Suri (2000) focus on ‘experience prototyping’ where the value of prototypes lies in 

understanding existing experiences, exploring design ideas and in communicating design 

concepts. According to Buchenau and Suri (2000) these are critical design activities, but also 

factors that appear in general descriptions of prototyping in other literature. Rapid 

prototyping has also gained increased attention recently as a methodology (Jones & Richey, 

2000). Rapid prototyping promotes reduced design and development times, while generating 

high quality products (ibid.) It presents benefits as efficient communication and collaboration, 

and testing an idea faster to improve earlier and learn more (Warfel, 2009). 

 

 

Different sorts of prototyping may exist in different organizations and because of that even 

the prototyping culture may differ among organizations. Like any other culture, prototyping 

culture is “a mixture of the explicit organizational structures and the tacit understanding and 

practices of the participants” (Schrage, 1996, p. 2). Prototyping processes and activities might 

have different mindsets even within same organization. On one hand, organization might 

have formal prototyping processes and on the other hand more informal prototyping activities 

(Schrage, 1996). 

 
 

Nevertheless, as described above in the chapter of problem solving theory, members of a 

design project might usually have different experience and perspectives on the product design 

(Helander et al., 1997). Therefore, a project with various skills and backgrounds might lead 

into a situation where everyone might have different expectations of what a prototype is 

(ibid.). Furthermore, in case an organization has developed its own prototyping culture, it 

might cause the organization to consider only certain kinds of prototypes to be valid” 

(Helander et al., 1997; Shrage, 1996). However, “a healthy team is made up of people who 

have the attitude that it is better to learn something new than to be right”. The rejected ideas 

are easier to accept and understand when they have been rejected with good rationale, and 

that will make the team learn (Buxton, 2007, p. 147). 
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3.3.2 Value of prototyping 
 

 

Even though prototyping is mostly connected with design practices, it is also “promoted 

within the business community as a key element in innovation” (Buchenau & Suri, 2000, p. 

1). Buxton (2007) reminds of the importance of innovation and continuous development: “No 

matter how good that initial product was, the company will not be able to sustain itself, much 

less sustain its growth, if it continues to sell that initial package unchanged” (Buxton, 2007, p. 

63). Since companies are aiming to make these new products, the ‘healthy teams’ mentioned 

earlier are needed to learn in order to further evolve products and innovate (Buxton 2007). 

Therefore, and for the sake of developing performance and usability of the product, there is a 

need for executive managers and product managers among others to provide and maintain 

conditions for successful and maintainable design (Buxton 2007). Furthermore, following 

Schrage (1996, p. 8), “differences in corporate prototyping cultures lead to qualitatively and 

quantitatively different products”. Therefore, it is also justifiable why organizations need to 

understand the various ways of prototyping if they wish to transform their new-product 

development (Schrage, 1996). 

 
 

The process of prototyping- is embraced because its benefits including communication and 

collaboration, reducing waste while feasibility gauging, help for selling the idea, setting 

design priorities as well as testing usability in order to find problems and fix them earlier 

(Warfel, 2009). It has been argued that a form of collaborative prototyping can provide a 

platform for prototype-driven problem solving in early new-product-development (Bogers & 

Horst, 2014). Terwiesch and Loch (2004) describe the collaborative prototyping process as a 

search process for the ideal product specification for custom-made products involving the 

producer and user of the product. Schrage (1996) argues that there is no straight one right 

way to do prototyping. Since companies need to develop a prototyping mix that serves well 

for their markets and products prototyping strategies are varied (Schrage 1996). Schrage 

(1996) further continues that “prototypes are as much a medium for managing risks as they 

are a medium for exploring opportunities” (p. 10). Following this thought prototypes can be 

considered both “as an insurance policy or as an option on the future.” (ibid.). 

 
 

It is also claimed by Schrage (1996), that the innovation approach of prototyping became 

popular mainly due to its cost efficiency and facilitating communication process within and 
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across stakeholder groups in design. As Buxton (2007, p. 337) quotes Fred Brooks Jr.: “The later 

in the process that a mistake is detected, the more expensive it is to fix”. Warfel (2009) supports 

these arguments by describing that “as a generative process, prototyping often leads to innovation 

and a significant savings in time, effort, and cost”. Therefore, as previously pointed out 

organizations tend to use prototyping as an efficient tool for innovation (Blomkvist 
 
& Holmlid, 2011). To quote Aristotle, “the things we have to learn before we do them, we learn 

by doing them”. Prototyping enables “a novel user interface design to be developed without 
 
having first to implement complex underlying technologies” (Helander et al., 1997, p. 374). 

Prototypes generated by prototyping are also used to discover market feedback in good time, 

before the final production (Schrage, 1996) which further supports the argument for cost 

efficiency. 

 
 

Prototyping is also an example of cognitive representation and a tool for evaluation of alternatives 

and learning. It is an important tool for enhancing complex problem-solving competence (Jobst & 

Meinel, 2014). It is claimed that complex problem solving competence can be enhanced by 

improving prototyping skills (Jobst & Meinel, 2014). Also in terms with problem solving, the 

prototyping centric design thinking methodology “integrates human, business and technical 

factors in problem forming, solving and design” (Leifer & Steinert, 2011, p. 151). Design 

thinking furthermore “creates a vibrant interaction environment that promotes iterative learning 

cycles driven by rapid conceptual prototyping” (Leifer & Steinert, 2011, p. 151). According to 

Jensen et al. (2017) development prototypes have gained a significant role as tangible rapid 

learning cycles in recent research on radical innovation. These learning cycles represent the 

necessary mind-set in order to develop innovative solutions. 

 
 

As previously mentioned, the triangle shaped model presented by Helander et al. (1997) showed 

that a design problem can be approached simultaneously from several perspectives. Yet, the 

model makes it easier enhance communication of prototyping. Prototyping shows not only to be 

connected to examining problems but also to evaluation of alternative solutions (Helander et al., 

1997). Prototypes are often built to represent different stages of a design process and to evaluate 

and explore different alternatives in these stages (ibid.). However, since the design process is an 

evolving one, it can be challenging and difficult to create prototypes of a whole design in the 

different stages (ibid.). This creates another challenge, which is to identify what details should be 

prototyped, since the whole product often cannot be presented 
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(ibid.). Communicating the prototypes “limited purposes to its various audiences is a critical 

aspect of its use.” (Helander et al. 1997, p. 367). 

 

 

A factor that makes prototyping successful, is “clarifying what aspects of a prototype 

correspond to the eventual artifact - and what don’t” (Helander et al., 1997, p. 368). This is 

crucial since prototypes are usually not self-explanatory (ibid.). Therefore, overcoming the 

challenge of building “prototypes which produce feedback from users on the most important 

design questions” is beneficial. Furthermore, it might not only be difficult for designers to 

communicate clearly about prototypes to a broad audience (intended users, design teams, 

supporting organizations), but also among designers. Primary due to limited understanding of 

design practice and latter “requires effort due to differing perspectives in a multi-disciplinary 

design team” (ibid.). 

 
 

3.3.3 Prototyping tools 
 

 

“Choosing the right focused prototypes to build is an art in itself. Be prepared to throw some 

prototypes away, and to use different tools for different kinds of prototypes.” (Helander et al. 

1997, p. 379) 

 
 

Prototyping tools come in many forms, from paper sketches to advanced coding software 

(Warfel, 2009). The tools allow to test different factors and according to Leifer and Steinert 

(2011) even the choice of the prototype resources can impact on the amount of the created 

alternatives. For example, a prototype created with CAD (Computer-aided design; used for 

creating and modifying a design) “least likely to be considerably changed in following 

iteration cycles” because the software capability is limiting possible ideation changes, 

whereas tangible 3D prototypes enable to create more alternatives (Leifer & Steinert, 2011, p. 

162). According to Helander et al. (1997) different tools need to be used for different 

prototyping tasks along with teaming up “with other people with complementary skills” (p. 

368) when designing well. “No one tool supports iterative design work in all of the important 

areas of investigation” (Helander et al., 1997, p. 368). 

 
 

Example of integration prototype called the “SoundBrowser” (presented by Helander et al., 1997) 

“shows the value of using different tools for different kinds of design exploration”. When 

 
 

29 



 
an organization’s abilities in a new product design are limited, there is a need for prototyping 

techniques development to arrive at better solutions that are end-user needs and preferences 

centered (Coughlan et al., 2007). How should the right prototyping method be selected then? 

According to Warfel (2009) there are multiple different factors that should be taken into account 

while deciding the suitable prototyping method and tools. Warfel (2009) states that correct 

prototyping method for each situation can be identified by answering to the questions listed 

below. Depending on the situation and thus answers, the correct method and tools change. 

 
 

● What’s the goal of the prototype in question? 
 

● Who is its audience? 
 

● How comfortable am I with the method? 
 

● Is it something I already know or can learn quickly? 
 

● How effective will this method be at helping me communicate or test my design? 
 

 

Prototyping tool selection is also affected by different influences (Warfel 2009). In a survey 

made by Warfel (2009) the top five (5) influencers defining prototyping tool selection are 

listed below. 

 
 

1. Familiarity and availability 
 

2. Time and effort to produce a working prototype 
 

3. Creating usable prototype for testing 
 

4. Price 
 

5. Learning curve 
 

 

However, Warfel (2009) lists one own influencer which has not popped out to the list and that 

he considers to be number one concern; knowing the audience and intent. Also, the order of 

the list varies for him in terms of importance. Warfel (2009) found out that the participants 

used more than one tool, for example combination of paper for sketching and some software. 

 
 

Warfel (2009) recommends as a sum up to consider the following when selecting a prototyping 

method or tool. Firstly, comes the audience. With this, it is needed to consider who is going to 

view or interact with the prototype. Secondly, the intent should be considered; think back to the 

five types of prototypes - which of these do you need? After that, familiarity and learnability 

- are you familiar with the method or tool or willing to learn it? Next is the cost. Not only the 
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license cost should be considered but also the cost of downtime if you need to learn it. One 

factor to consider is also collaboration. If it is needed and if so, the choices are significantly 

limited. Further on comes distribution - how will you share it with others? As a last point 

Warfel (2009) recommends considering throwaway versus reusable. Meaning that “if you 

need reusable source code, then your choices are limited. If you’re going to throw it away, 

which is more likely, then your options are wide open” (ibid. p. 63). 

 

 

Using the terminology described by Helander et al. (1997) current terms describing 

prototypes focuses “on attributes of prototypes themselves, such as what tool was used to 

create them” (p. 367). Helander et al. (1997) raise a concern about this certain way of relation 

into prototyping since the question of “how finished-looking or –behaving a prototype is” (p. 

376) gets raised up more often. Helander et al. (1997) believe that these types of 

characterizations of a prototype can give a false impression since “capabilities and possible 

uses of tools are often misunderstood and the significance of the level of finish is often 

unclear, particularly to non-designers” (p. 368). Helander et al. (1997) further claim that it is 

not only significant what media or tools are used to create prototypes, but how prototypes are 

used by a designer to explore or demonstrate some aspect of the future artifact. 

 
 

The following paradigm illustrates these sorts of differences in point of views. Buxton (2007) 

agrees on including users throughout the iterative process, from ideation to usability testing. 

However, Buxton (2007) argues sketches not being prototypes or even low-fidelity 

prototypes. According to Buxton (2007) a whole design phase is an iterative, user-centered 

process, and sketches as well as prototypes are both embodiment of the design concept in 

question. However, Buxton (2007, p. 139) argues that sketches and prototypes “serve 

different purposes, and therefore are concentrated at different stages of the design process”. 

Sketches dominate during the earlier ideation stages and help to explore more and various 

uncertainties, whereas prototypes later when converging phase starts to be bigger. 

 

 

Prototyping is often connected to cost reduction, however Buxton (2007) highlights the 

difference between sketches and prototypes in terms of costs and investments. “Essentially, the 

investment in a prototype is larger than that in a sketch, hence there are fewer of them, they are 

less disposable, and they take longer to build.” (Buxton 2007, p. 139) To examine this from a 

business/company’s perspective or as Buxton (2007, p. 139) presents to be the management’s 

perspective, the principles of “easy come, easy go” and “the more the merrier” are being used 
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as an argument for the usage of sketches and making the distinction. In other words, ideas 

and concepts are injected or rejected based on the investment made in them, since in the end 

“ideas are cheap” (Buxton 2007, p. 139). 

 
 

Further prototyping is considered with the case story of Saab that depicts the aspects 

mentioned above on the practical example. The case story presents historical development of 

prototyping tools with the following development of aircraft in a context of wicked problems 

in complex product design. 
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5. OUTLINE OF THE THEORIES 
 

 

Development and design process of complex products form the context of this research. “The 

core of design is problem solving” (Jobst & Meinel, 2014, p. 105), that always involves choice 

(Ackoff, 1978), thus, evaluation of alternatives (Newell & Bröder, 2008). Online or offline 

evaluation is used for considering alternatives to find possible solution for a problem (Gavetti 
 
& Levinthal, 2000). To understand possible solutions to wicked problems, prototypes provide 

a learning possibility (Hobday et al., 2012). Since, prototypes are also seen as physical 

representations of different design problems, they help to evaluate and choose between 

options (Helander et al., 1997). Therefore, theoretically prototyping is a rational approach of 

solving wicked problems of product design (Jobst & Meinel, 2014). Furthermore, wicked 

problem solving competence can be improved by enhancing prototyping skills (Jobst & 

Meinel, 2014). Prototyping tools enable different possibilities, and therefore, the choice 

between various prototyping tools affects the characteristics of prototyping activity. 

 
 

The following figure is an outline of these relevant theoretical concepts of this research. It 

will be used later for analyzing different dimensions of prototyping characteristics (errors, 

feedback, learning, collaboration, information) that have been identified to be central for 

analyzing the change process at Saab. 
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Figure 3. Theoretical outline  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Created by the authors. 
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6. CASE STORY 
 
 
 

This chapter presents a story how Saab used different prototyping tools for solving design 

problems from 1930’s - 2020. The case story is conducted based on the interviews and the 

material received from the interviews such as publications, articles, documentations, 

unclassified archive material and presentations. “Saab-minnen” (Saab Recollections) is one 

of these secondary sources that proved to be useful to expand the historical overview. Saab-

minnen is an annual publication by Saab Veterans’ Club of a collection of articles in terms of 

historical interest. The Club was founded in 1986 and is open to current and former 

employees of aerospace companies within Saab Group with 20 years or more in the company 

(Saab-minnen, 2016). 

 

 

A timeline will serve the purpose of presenting the empirical research and its findings. 

Therefore, the narrative of the case story is created based on a timeline that goes back in time 

to 1930, as far as it was possible within the scope of this research. The timeline focuses on 

showing the development of tools, however, it is also connected to the development of the 

aircraft by Saab to better illustrate the development and the produced products. The narrative 

of the timeline is presented in a chronological order. In the following chapter of analysis, 

certain aspects of the narrative are being analyzed throughout the historical case story. The 

purpose of this chapter is to engage the reader to the history also from the employees’ 

perspective, illustrate the development, and to provide an overview not only of different tools 

but also of the context that Saab works with. 

 
 

 

30’s to 50’s - From pen and paper to finite element method 
 
 
 

In the very beginning of Saab history in the 30’s, the airplane construction was done with 

manually solved mathematical equations on paper with a help of mechanical calculators. At that 

time, different aircraft models were being evaluated depending on the knowledge and expertise of 

Saab employees in aerodynamics and other related sciences. The matrix method (structural and 

analytical method for solving systems of equations) used at that time was based 
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on the correct calculations which meant that in case there is an error made, it should have 

been resolved from the very beginning. Billy Fredriksson, former CTO for Saab, emphasizes 

the significance of accuracy for the airplane safety in making calculation and importance of it 

was highlighted by the company structure that involved specialists in solving equations who 

were formed into the separate department. 

 
 

During that time, another significant aircraft Saab 210, also known by the nickname 

Lilldraken, was built as a scaled down testbed to gain experience before developing a concept 

for Saab 35 Draken. According to Ulf Claréus (Aeronautical Engineer Project Manager, 

JAS39 Aerodynamics) and Tor Stavöstrand (Testing Technique Specialist in Aerodynamic 

Department, JAS39 Gripen), it was the wings that were being prototyped for the coming 

aircraft. The concept for Saab 35 Draken was called as double-delta concept that refers to 

wings that remind of the Greek alphabet delta by its shape. Worth mentioning is that 

Lilldraken that was built for being a test plane flew 887 times with a total flight time of 286 

hours (Flygvapenmuseum, 2017). 

 

 

The crucial shift in the aircraft development happened in the 50’s with the forthcoming 

development of the machines for matrix calculations. The first Swedish electronic calculator 

BESK was used for calculating the strength of the aircraft. In 1955 Saab 35 Draken was built 

using the finite element method and became superior to the previous models. Saab 35 Draken 

reached the level of speed more than 2000 km/h comparing, for instance, to the previous Saab 

32 Lansen with the speed of 1200 km/h. Thus, simple computers enabled a tremendous 

development of the product. However, since Draken-time until nowadays, the speed has been 

approximately the same. The technological development did not affect much the aircraft 

fuselage but the internal systems for pilots and the general design as well as manufacturing 

process. Superior technology enabled pilots to have less manual work that was transferred 

into automatic functions. As Tor Stavöstrand and Ulf Claréus explain, before the aircraft had 

more unutilized space. Nowadays, there are so many software and systems installed inside the 

plane that even though the aircraft would be peeled, the remainings would still look just like 

the plane and form the same shape. Therefore, the similar phenomenon appears with the looks 

of the aircraft as with the speed. Despite the aircraft would remind of a previous one, insides 

might be significantly more developed. 
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Before the first computers arrived, the restriction was the size of the model that could be built 

and at the same time solving the equations in a realistic short period of time. The stress 

department faced a problem when the airplane parts were manufactured according to the 

calculations, however, it was not possible to analyze the behavior of the more complex 

model, such as the complete airplane. 

 
 

 

“It was in the 60's when it was all about FLYING” 
 

 

Not only did the Saab engineers accomplish useful work, but they also had the “flight 

technology at play”. Erik Kullberg, who started at Saab in 1953 and worked as an engineer at 

flight test department, describes in Saab-minnen, how they played even during the lunch 

breaks and learned from their games which was something to be further developed in the 

hangars. “During the lunchtime, we ate at Berg-dining room to fast get back to play with our 

airplane model. We tried to prove the phrase ‘Everything flies’” (Saab-minnen, 2016, p. 4). 

After Saab 35 Draken, the next significant aircraft was Saab 37 Viggen which creation started 

in the 60’s. “It was in the 60's when it was all about FLYING. Flying in all shapes, even 

indoors.”, Erik Kullberg remembers (Saab-minnen, 2016, p. 5). 

 
 

How the Saab 37, also known as Viggen, looked like and how it was initially influenced, was 

actually with simple drawings on paper and a paper airplane model. “Some of us had a slight 

straight-wing model about 15 cm in width, which could do three loops in a row when thrown 

correctly”, writes Erik Kullberg (Saab-minnen, 2016, p. 5). This instance was verified with 

calculations which was the beginning of the Viggen story. Kullberg describes different testing 

in his story in Saab-minnen (2016, p. 5): “The flights were conducted in the long narrow 

corridor in one office part. This placed high demands on the lateral stability of the model and 

on turbulence-free air”. While the test flights were prepared and conducted in the hallways, 

anyone who wanted to pass by just had to wait. He continues by explaining how they utilized 

cigarette smoke. “Most smoked at that time. Even this was utilized in aviation technology - 

by flying through cigarette smoke, we visualized the end swirls so that we could study their 

change with time, wing load and wing shape. These tests were not very systematic and the 

results left a lot of room for opinions and discussion. Despite this - or perhaps why - we still 

learned a lot, not least about test technique.” 
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In the end of the 60’s Saab implemented value analysis that paid attention to function, cost, 

value and factors impacting between these: creativity, co-operation and methods. The value 

analysis was business analytical method which purpose was to objectively evaluate every part 

of a manufacturing, construction and material procurement to achieve the necessary 

functionality and reliability at the lowest cost (Saab-minnen, 2016). 

 
 

Billy Fredriksson pointed out that it was important to analyze the freedom of making changes 

in design comparing to how costs and cashflow appeared during five stages of design process: 

conception, design, testing, process planning and production. Even if the actual cashflow 

increased sharply at the last production phase, committed costs to the design process were 

reaching the level of 80 % during the first two phases of conception and design. There was a 

rise of costs during testing, process planning and production phases costs while it was a 

gradual. This trend was directly related to the freedom to make changes in design process that 

was dramatically decreasing during the construction phase and remains falling over the time 

during the next stages of design process. 

 
 

 

70’s to 80’s - Beginning of the computer age 
 
 

 

Regarding the aircraft development, according to Tommy Ivarsson, former sector chief of 

military aircraft, eventually a more advanced aircraft had to be used for both reconnaissance and 

attacking roles (Saab-minnen, 2016). However, it was estimated to be difficult to finance both. A 

combination of two older aircraft could have been a transition solution but in all cases, it probably 

would have meant a decommissioning of the developing aviation industry (Saab-minnen, 2016). 

“The main focus was a versatile useful aircraft – JAS (jakt, attack, spaning – reconnaissance, 

attack, fighter). The radar and avionics system could handle all types of assignments. It would not 

be like the Viggen, but a real unit aircraft, with the same hardware and software in all. The 

aircraft would weigh about 50% of the Viggen, with the same or better performance and the same 

weapon load. Width would have to suit to narrow runways that was a key requirement. Life cycle 

cost we considered to be around 60-65 percent of the Viggen” Tommy Ivarsson recalls the initial 

setup. However, “the costs were always our crucial problem. What to do to meet the cost frame?” 

(Saab-minnen, 2016, p. 12-13). 
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In the 70’s the main tools discovered from the interviews were computational models in 

aerodynamics and as Claréus and Stavöstrand said it: in the 70’s and after that not so many 

big differences could be seen outside as it could be inside the aircraft. Also, the development 

of model-based concept in the 80’s switched from analogue to digital computers with the 

introduction of CATIA in 1986. Work around this time was also described by Nils Åkerblad 

in Saab-minnen (2016) who got employed by Saab in 1947 and stayed at the company for 37 

years until his retirement. While he was working at the testing department, it was about 

installation drawings for measuring equipment for test aircraft. The measuring equipment 

used back then consisted of a variety of sensors and recording equipment, initially that 

analogue systems, sensor data were recorded on camera panels, oscillographs and tape 

recorders, but as technology evolved, it became digital, both in terms of sensors and other 

equipment (Saab-minnen, 2016). This caused a tremendous change in the aircraft 

construction process and capacity. In the late 80’s the work on JAS 39 Gripen was in the form 

of 10 000 pages that made it problematic to ensure that every single sketch and document was 

up to date. That became an issue how to find new ways of handling big amount of 

information to make product design more efficient. Product Development team members 

could easily renew the sketch online making all the changes available for each team member. 

Therefore, CATIA became a useful tool in processing data and exactly how Christopher 

Jouannet (Responsible for CAD methods), Ulf Claréus, and Tor Stavöstrand also described it 

to be an extremely useful tool in design and construction. In the 70’s and 80’s, in order to 

make any specific calculations, the code was written within the department that prepared for 

testing. The code was put to the card and sent to the IT department. The result was presented 

on a piece of paper in one day. Comparing to the modern software, it was extremely time 

consuming. CATIA enabled to get this result faster and without others involvement. The 

work efficiency was developing exponentially from the 80’s to the 90’s. 

 

 

Saab had collaboration with foreign companies and the working efficiency was also noticed by 

others. The partnership with Fairchild on the Saab-Fairchild 340 project was perhaps the most in-

depth cooperation with a foreign company, which affected a larger amount of ‘Saabs’ (“Saab 

employees”) (Saab-minnen, 2016). One American’s observation is presented in Saab-minnen 

(2016) that describes how working looked like. “No one can be working if there is no mess, no 

panics, no yelling God! It’s too damn quiet! There would be little gremlins during the nights to 

complete the work” (Saab-minnen, 2016, p. 30). According to the observation, there was no sign 

of supervision on the floor and everything was so neat and quiet, so it looked like nothing 
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could be accomplished during the days. However, he got to learn that the employees at Saab 

“can, and they do” (Saab-minnen, 2016, p. 30). “Perhaps the most noticeable difference is the 

spirit of teamwork and pride. There is a definitive feeling that the work force respects the 

upper management, not fears them. The motivation for outstanding performance is not 

bonuses, prizes or awards but rather loyalty respect and self-pride” (Saab-minnen, 2016, p. 

30). Tor Stavöstrand and Ulf Claréus mention the same in general of collaboration as the 

American observation from the Saab 340 project: “Development, manufacturing and 

assembly work was performed on the same aircraft. You learned from each other in all areas 

of work. The experiences were many.” (Saab-minnen, 2016, p. 30) 

 
 

To continue with the 80’s working methods and tools, the strategy behind model-based concept 

that was used in the 80’s was to standardize modelling of the aircraft and to build as complete and 

good quality models as possible, to use the models to verify the design of the aircraft and reduce 

the number of physical demonstrators instead of simulating them in the computer. Thus, the 

model-based concept reduced the amount of experiential learning through testing complete 

aircraft that was historically implemented. More generalized programs started arriving to the 

market and could be bought from external companies. Thus, there was no need to develop a 

program for every new model internally. Prototyping in a form of simulation became easier and 

faster. The problem that prototyping a complete model of the aircraft was too complicated 

without proper computer power was solved with ASKA program for the finite elements method. 

ASKA program was created in the world already in the 60’s but taken into usage in 1985 at Saab. 

It brought potential for prototyping a complete aircraft decreasing the need of experiential 

learning in the form of testing. It was the first attempt to create standardization for evaluation and 

optimization of the design in flight testing and aircraft manufacturing. Tor Stavöstrand who 

worked 25 years with testing of JAS 39 Gripen explains that test flights are true tests of 

aerodynamic functions and their configurations for new aircraft. The tests include measuring of 

flight capability in terms of stability and maneuverability. The design and development require 

exact and accurate simulation models because the modern fly-by-wire aircraft have an 

electronical control system (Saab-minnen, 2016). 
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90’s to 00’s - Collaborative prototyping and 3D 
 
 

 

During the 90’s two significant aircraft were pointed out during the empirical research, which 

were Saab 2000 and Saab 340 (AEW&C). Regarding different tools, computational models 

were taken into wider usage within the company in 1990 and later during the 90’s 

visualization models came into the picture as well as collaborative prototyping in 1995. 

Design rooms were used in 1996 and Visual Assembly Instruction Testcase was done in 

1999. In the late 90’s, design teams started to work with CAD which was often mentioned 

from the various visualization models. It changed the way of approaching design problems. 

The stress department tested suggested design while it could get to a conflict with 

manufacturers who focus on the low costs. Visualization models enabled to move and turn 

parts to see how it was designed. It became easier to understand and discuss for the 

employees from different departments and solve problems. 

 
 

Bringing a new model of the airplane to the market can be considered as a complicated 

process. Designers, engineers, constructors and others who are involved in this process have 

to collaborate efficiently. In 1995, collaborative prototyping concept was introduced with the 

following creation of design rooms in 1996. It was decided that employees with different 

specializations who need to communicate frequently would be working in the same room. 

Working experience showed that employees stopped communicating with each other already 

when sitting 20 meters from each other as Billy Fredriksson points out findings of a research. 

Employees who were located at different floors did not communicate almost at all. 

Communication as the main benefit of collaborative prototyping was enhanced by shortening 

the distance among employees from different departments. 

 

 

“The systems at that time were quite poor. People struggled to get the data in the computer and 

very little power to analyze it”- Gunnar Holmberg (worked with analysis method and tools, later 

director of business development for future air systems). With the initiative of Billy Fredriksson 

the first design rooms were created in 1996. Engineers, designer and manufacturers as well as 

other specialists “who had to communicate frequently with each other” were sitting together. 

Projectors were used to avoid specialists working individually with their personal computers and, 

thus, enhance collaborative prototyping. Before the design rooms were introduced in the 90’s, 

employees were placed based on their functions. At that time, when a 
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problem arose on the floor, work stopped and the problem was resolved. “No quick fixes and 

we will catch it some time later. The problem is solved and does not recur. The motto is, get 

it right the first time.” (Saab-minnen, 2016, p. 30). 

 
 

In 1997, the CAD system was upgraded on a larger scale that enabled to move the model and see 

how things work enhancing its understanding. According to Gunnar Holmberg it influenced the 

teamwork significantly in a sense of processing the information. Tor Stavöstrand claims it was 

“needed to be a good team who works together”. The team needed to have “good routines and 

communication”, which further reduced bureaucracy. Information representations were turned 

from the complicated sketches to the visualization models. It created a possibility to get the 

feedback earlier by inviting a supplier to participate in prototyping. 

 

The visualization models were introduced to design and manufacturing process. For 

simulating aircraft behavior, the statistical and scenario methods were applied. The quality 

changed in 2006 with the switch from CATIA V4 to V5. Two-dimensional representations 

(V4) were replaced by three-dimensional (V5) enabling detailed overview of the model and 

parts assembly. Furthermore, the assembly instructions were created as the three-dimensional 

representation to reduce the amount of errors and enhance understanding of the assembling 

process. This instructions modelling and some of the effects Christopher Jouannet, (title), 

described by comparing instructions from IKEA and LEGO. In IKEA’s instructions, he 

highlighted the fact that the instructions do not have words or written explanations. Further, 

he pointed out how LEGO’s 3D instructions works well. However, in the instructions 

modelling of the aircraft some short-written clarifications were still needed. 

 
 

According to Christopher Jouannet, the 3D simulations helped to comprehend the model 

better compared to the older way of having sketches. For new employees, the sketches were 

dramatically more complex and demanded years to learn. Switching to more technologically 

advanced tools solved this problem while brought another issue. “People don’t want to 

change”, Christopher Jouannet states. Choosing between learning to use a new program, 

employees tend to argue that the old tool has been used over the years successfully. There is 

no answer on why they used it and why it should be used in the future. Therefore, the 

advantages of a new tool needs to be shown during the switch. When implementing a new 

tool, there are some who are not that adaptable due to a fear of losing power or their position, 

so you have to start with others, with “the early adopters”. 
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During the first decade of 2000, the tools that were used and were mainly brought up during 

the empirical research were DELMIA in addition to CATIA 2D-3D in 2006. Statistical and 

scenario methods were used while different types of simulators took space. As Billy 

Fredriksson and Christopher Jouannet mentioned, there were “hundreds” of different 

simulators running simultaneously. There was also a new in-house CATIA version. 

Christopher Jouannet estimated that around year 2000 about 50% of the used tools were in-

house tools and other half commercial tools. After a successful tool utilizing in Neuron 

aircraft (unmanned combat aerial vehicle that was created in collaboration), the success lead 

to 3D definition and model-based design to be used on Gripen New Generation in 2008. 

 
 

 

The present and the future 
 

 

Saab began to have a look at the 3D for simulating and assembling already in the 90’s but it 

was not feasible. However, only in the beginning of 2000’s, Saab started working on the door 

for Boeing 7E7 which was prototyped as a 3D design in manufacturing. This approach was 

successfully used along with DELMIA for the NEURON project in 2006 and became crucial 

in Saab’s approach to prototyping. It caused a complete switch from the 2D to 3D 

prototyping in 2006 and was decided to be applied for Gripen E new generation and other 

internal products. The Gripen E was built with a single set of data representations in 3D 

called model-based definition. It included all annotations, tolerances and other information 

needed to assembly and manufacture the product. Digital maintenance information was based 

on reuse of 3D models information with the 3D instructions. Functional third generation 

Gripen E prototype was revealed to the public in 2016, which is now used as a testbed for the 

Gripen E/F jet, also known as the Super-JAS. Despite the plane being already capable of 

flying and looking like a finished product, the E/F has not yet been released to the market. 

 
 

For the 2020’s, the future vision involves a complete integration of 3D prototyping to all the 

disciplines. It is aimed to change the process from Design-Analyze-Verify to Analyze-Design-

Verify. Any employee should be able to access any model. Therefore, the goal is to create 

“democratic” analysis for creation the models that are reusable for design teams to reduce the 

prototyping time by 10-15 times. Furthermore, it leads to the changes on the product level to 
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understand not only how to place a single aircraft but to develop “system of the system” 

concept. 

 

Figure 4. The timeline of Saab Aircraft and the prototyping tools 1930’s - 2020’s.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Source: Created by the authors based on the conducted interviews. 
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7. ANALYSIS 
 
 
 

In order to find answers to the research question how the development of prototyping tools 

has impacted on evaluation of choices in design process, this chapter will analyze the case 

story based on the relevant theories of problem solving, evaluation of choices and prototyping 

with their relation to product design process. The visualization model of the theoretical 

concepts will be utilized for the analysis. We start with development of prototyping tools over 

the years and continue with its influence on prototyping characteristics. Thereafter, we will 

show how it affected evaluation of options in problem solving and, thus, product design 

according to the linkages illustrated by the visualization model of theoretical concepts. By 

analyzing the change over time, we show the meaning of choosing different prototyping tools 

and how it predetermined design process. Different tools that we discovered from the 

empirical research are presented as a timeline with the relevant aircraft development, while 

the analysis is focused on the most crucial events and changes. 

 

 

Figure 3. Theoretical outline  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Source: Created by the authors. 
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Development of prototyping and its tools 
 
 

 

The first crucial shift in prototyping tools can be related to the development of the aircraft 

design in the 50’s when the speed of the aircraft was dramatically increased. The 

development of tools from mechanical calculators to the first machinery calculators with 

following development of finite element method also influenced significantly on the product 

design process. Even simple machines such as matrix calculators brought the advantages at 

the manufacturing level from the model design to assembly where the working process was 

significantly simplified and enabled better results. 

 
 

Another significant step for the development of tools was the development of the concept of 

model-based design in the 80’s. The switch from analogue to digital computers with the 

introduction of CATIA in 1986 caused a noticeable change in the aircraft construction 

process and capacity. It was a beginning of the model-based design that continued to be 

implemented until nowadays and is aimed to be in the focus for the future. The strategy 

behind model-based design was to standardize modelling of the aircraft and to build as 

complete and good-quality models as possible. The model-based design reduced the amount 

of experiential learning through testing complete aircraft and avoiding high costs regarding to 

that. Prototyping in a form of digital simulations, three-dimensional models and imitators 

simplified design process in general and impacted on all the related aspects such as learning, 

collaboration, errors finding, information format and feedback loop. 

 
 

The development of prototyping tools has brought up new possibilities, however with the 

following problems. Firstly, there is a problem of ensuring that using different tools there are no 

mismatches. For instance, transforming sketch from 3D visualization to the 2D sketch on the 

paper workers have to be sure that paper sketch contains exactly the same information from 3D 

visualization. The complexity of the problem arises when one program data does not fit the 

format of another program. Secondly, it was discovered that acceptance of new tools is an issue 

of habitual working culture. One see new learning opportunities in changing the tools. Others, 
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especially, senior employees, see threats such as losing their positions or influence. The 

benefits of the new tool need to be shown in order to gain acceptance. 

 

 

Changing working habits are a complicated process, since the quality of well-working 

methods are usually not questioned. When the decision should be made either to develop an 

aircraft or to explore new methods of working, working on the aircraft is prioritized. If there 

was a switch to a new tool, it starts with teaching and bringing everyone including 

management to the same level. Usually changing one program to another is one-shot 

operation, and the old and new tools are not used in parallel during the transition time. 

 
 

Being innovative in prototyping, tools can be high cost, especially when the company is 

provided by commercial software. The proportion of the internally developed programs to the 

commercial programs Saab used in the 90’s was approximately 50/50. Nowadays, the 

company depends more and more on the IT companies, therefore, causing extra costs when 

the software has to be updated or is being modified. It brings an issue how to balance the 

proportion of the prototyping tools to avoid high costs and to solve the problem of the 

information transfer among different program that was discussed above. 

 
 

The development of tools influenced on several dimensions. The change over time affected 

also on things such as ways of testing, e.g. testing paper planes in cigarette smoke versus 

CATIA, the computer aided three-dimensional interactive application. Moreover, the 

development had an impact on the prototyping characteristics (errors, learning, information, 

collaboration, feedback), which will be described below, but also to prototyping approaches. 

The types of prototypes have changed over the years and because the need of what to 

prototype effects on how to prototype, the prototyping approaches have also been molded. 

 
 

Reflecting prototyping of the case story to the triangle shaped model of “what prototypes 

prototype” (Helander et al., 1997), temporal variation can be noticed. In the model, design 

problems were categorized in three different aspects that were role (what role will the artifact 

play in user’s life), implementation (how should it be implemented) and lastly, look and feel (how 

should it look and feel). As a fourth dimension, there is an integrated prototype that balances and 

answers to all these aspects. In the beginning of Saab’s history, there were more sketches, 

blueprints, mockups and calculations that represent prototypes that are placed between 

implementation and look and feel due to their purpose. The current 3D prototypes and 
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simulations represent more integrated prototypes meaning that they cover all three 

dimensions at the same time because of the software that provide more information that is 

shared among several different parties such as engineers, designers and manufacturers. 

 
 

Figure 2. A model of “what prototypes prototype”  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Source: Recreated by the authors based on Helander et al., 1997. 
 

 

However, if not analyzing only the prototypes but rather the prototyping as a process that includes 

multiple different prototypes as a part of the iterative process, the prototyping process can be 

decomposed according to the model. We observed that the different phases of the prototyping 

process can also be placed on the triangle. This is because based on the empirical research, role of 

the prototypes was not directly pointed out. However, the role was taken into account in the 

beginning of the process when design starts with the requirements. Thereafter, when proceeding 

iteratively through various tests, different aspects are being prototyped. 

 
 

In addition to this, prototypes can be categorized based on the aircraft parts that are prototyped. 

For example, as with Lilldraken, the design problem was new type of wings and how should they 

be implemented. The new shape of the wings was prototyped before implementing into the bigger 

plane, Draken. Comparably, when designing a control stick for the pilot, it is crucial to prototype 

that in a tight collaboration with the pilot, since it will play a significant role for the pilot. Also, it 

is important how the control stick feels to maneuver the plane. This supports the claim presented 

in theory (Helander et al., 1997) that if a design problem is tried to be solved by creating separate 

prototypes assigned for different parts of the problem, it enables 
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more specific and clear questions to be addressed before integrating the findings for the final 

solution. 

 
 

Prototyping characteristics 
 
 

 

Feedback 
 

 

To describe the change in feedback loop, we analyze the example of the various tests and 

feedback gained from them. Historically, before the concept of model-based design was 

introduced, fully assembled physical model had to go through the several types of analysis 

and the physical testing that enabled to identified errors. Getting a feedback from the real 

testing enabled engineers to adjust, rebuild the model and send for a new testing. The 

feedback process consisted of several cycles until every participant, involved into the 

process, would approve the final model, thus, was extremely cost- and time consuming. 

 
 

The change came with the model-based concept in the 80’s. Simulation and prototyping 

models were used not only as a design model of the aircraft but as a feedback storage. After a 

real testing, the result was compared to the digital model and design method (e.g. FEM). The 

changes were made according to the discrepancies that appeared through the comparison. 

Furthermore, this feedback from a real testing affected future tools development. 

Additionally, to reducing costs and time, model-based design became a new efficient form of 

feedback storage that enabled to make changes in more complicated form of aircraft and 

remove the need of real testing at the later design stages, as offline evaluation of choice. 

 
 

Errors 
 

 

Getting the feedback faster decreases the amount of errors being made during the design and 

manufacturing processes. Technological development enhanced this trend as well. The matrix 

method used in the 30’s was a base for aircraft design and was under responsibility of the 

separate department. The risk of an error at that time was high due to the complexity of equation 

systems. Therefore, it demanded a lot of time to check if the calculations were made correctly to 

avoid any possible errors that might lead to mistakes in aircraft manufacturing. In 1953 

introducing of BESK enables to eliminate this risk and reduce the time of solving equations. 
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Comparably, later development in identifying errors happened with introduction of CATIA. 

In the late 80’s the work on JAS 39 Gripen was in the form of 10000 pages that made it 

problematic to ensure that every single sketch and document was up to date. In order to 

prevent errors happening in that kind of process, the issue was to find new ways of handling 

big amount of information to make product design more efficient, increase the product 

quality and moreover to avoid errors. Therefore, CATIA became a useful tool in processing 

data, thus, enhancing the growth of the wicked problem solving competence. 

 
 

Another aspect that helped avoiding errors, was enhanced communication and sharing of 

information. As described in the story, when the Product Development team members could 

renew the sketch online making all the changes available for each team member, it changed 

the communication format among team members. Also, another error enabling factor that was 

changed over the time was verbal agreements. This information exchange problem occurred 

among employees from different departments when there takes place verbal agreement on 

made changes or a way of future work on the prototype. If the agreement included two 

employees and the changes were made on the paper sketches other people who are involved 

in the process miss the moment when the decision was made. One of the benefits of CATIA 

was to exclude the issue of verbal agreements and enhance better communication among 

coworkers. Further crucial change that helped to identify and eliminate errors earlier was in 

the 00’s, when aircraft prototyping was created as the three-dimensional representation. It 

enhanced understanding of aircraft assembling and, therefore, decreased quantity of errors. 

 
 

Even a small error in the construction might lead to crucial changes of the model leading to 

extra costs. In terms of time and cost efficiency, more changes can be made in the beginning 

of design process. However, the challenge is that even not being limited to make correction in 

design, employees in the beginning of design process are in lack of knowledge. The closer 

the project is to the end, the less freedom the design team has for making any changes, that is 

expensive with the decreasing freedom (Figure 5). 
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Figure 5. Design freedom in prototyping  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Source: Created by the authors based on the conducted interviews 
 
 
 

 

Changes can be made not only during the process to make improvements in design but also 

when the errors have to be eliminated. According to the model presented above, more 

changes can be done at the earlier stages and then are less expensive for the company. 

 
 

Information & Learning 
 

 

One of the wicked problems existed in processing big amount of data while designing an aircraft. 

When all the data existed on paper, it was complicated to process it efficiently causing slack in 

information analysis. It was a matter of importance to ensure that all the existing sketches of the 

model were up to date which made prototyping even more complicated. 

 
 

In the late 90’s design teams started working with CAD and various visualization models. It 

changed the way of approaching the design problem. Visualization models enabled to move and 

turn parts to see how it was designed, which meant more information gathered in a compact way. 

It enhanced better understanding and efficient discussions for the employees from different 

departments to solve the problems. Visualization models became the new way of 
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approaching information. Furthermore, it simplified analyzing the big amount of information 

not mentally with complex drawings but with the visual representation of this information. 

Furthermore, the feedback loop was shortened with the opportunity to bring other participants 

to the process, for example, suppliers, to show the context the design team was working in. 

That is also what prototyping represents: fast learning and ease of communication to different 

audiences and stakeholders through prototypes. 

 

 

Additionally, regarding learning a change took place along instruction models. The assembly 

instructions were greatly remarkable in terms of learning for new employees. Before having 

illustrative instructions, new employees needed several years to learn working habits. With 

the instructions, the process accelerated several months of studies. 

 
 

Collaboration 
 

 

Specialists from different departments have to identify and compromise a solution between 

cost- and time-efficient, aerodynamic and the requirements-satisfying design as described in 

the case story. An airplane should be as lightweighted as possible but at the same time be 

able to withstand all the unexpected internal and external loads. Further on, it should be 

simple to manufacture without complicated techniques keeping the building time, and 

construction, operating and maintenance cost as low as possible for the company but 

providing a competitive solution for the owner. Thus, aircraft design is an example of wicked 

problem that depends significantly on successful collaboration. 

 
 

To reduce the negative effect of this problem, frequent communication was needed, so that 

employees from different departments could compromise the design of aircraft. Crucial 

change in collaboration was in 1995 with introducing the concept of collaborative prototyping 

with the following creation of Design Rooms. It significantly reduced the problem of lack of 

communication by cutting the distance between employees and placing them at least on the 

same floor compared to the previous working habits. Furthermore, it eliminated the risk of 

errors when changes were made by only some of the employees on their sketches and other 

team members were not aware of those changes. Team members from different departments 

sitting in one room could easily ensure that everyone had the same information regarding 

aircraft design plan. 
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Change of problem solving approach 
 
 

 

Designing the aircraft in the 30’s and 40’s, employees relied on the main aerodynamics 

principles and other theoretical aspects. At that time, different aircraft models were being 

evaluated depending on the knowledge and expertise of Saab specialists. Offline model 

evaluation took place when aircraft behavior in different weather conditions had to be 

analyzed and that could not be simulated due to the lack of technological capabilities. Online 

evaluation of options entailed real testing of the aircraft. Before the first computers arrived, 

the wicked problem was in developing even small parts of an airplane, for instance, a wing or 

fuselage. The restriction was the size of the model that could be built and at the same time 

solving the equations in realistic short period. The calculations had to be done faster in order 

to simulate the behavior of the aircraft to reduce the amount of online evaluation and build 

more complex models for testing. 

 
 

However, the shift in evaluation of choices of aircraft design came with introduction of the 

concept of model-based design. According to Gavetti and Levinthal (2000) experience gotten 

from online choice evaluation influence on cognitive models, and model-based design is an 

example of it. Simulations and prototypes used as cognitive models for building new aircraft 

were being modified by reflections of real life testing, or online evaluation. Since the 80’s 

model-based design started to be in the focus due to increased efficiency of design process 

and new opportunities for development. 

 
 

Further on the company shifted the focus on the early conceptual, stage of aircraft design. For 

the future, the aim is to modify the general problem solving approach. The idea is to change 

from “Design-Analyze-Verify” to “Analyze-Design-Verify” that, therefore, will change 

aircraft design process. It will enable to start not with the design of completely new aircraft 

model but with analyzing already existing one, adjust or develop it further and lastly verify 

for manufacturing to reach a design goal. Furthermore, having already prepared a model for 

the future design provides all the employees being involved into the design process with 

necessary information and possibility to explore every detail of the model. However, it was 

not only the change of organizational strategy of design but was enabled due to the significant 

development of prototyping tools. 
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8. CONCLUSIONS 
 
 
 

The purpose of this research was to examine how the development of prototyping tools has 

impacted on evaluation of choices in design process. Prototyping was considered as a way of 

evaluating choices when facing wicked problems in design process. Based on this framework, 

relevant theories were presented in order to analyze the empirical research which role was 

also to illustrate and fulfill the theory. 

 
 

Prototyping itself is described as an iterative process in the theory (Buchenau & Suri, 2000; 

Warfel, 2009; Buxton, 2007), however, not only the prototyping activities illustrate that, but 

also the aircraft development turned out to be notable in this sense. The timeline illustrates 

that after the first more multifunctional aircraft was created, life cycle of the product has 

extended. Especially regarding the development of Gripen aircraft, new prototypes are being 

modified and refined from the previous one, while the core stays the same. Therefore, the 

iterative process can be seen in the end product as well. Further on, the newest tools have 

similar iterative development process, especially simulation models and different software 

that are refinements of the previous ones. 

 
 

Firstly, based on the empirical findings and analysis, we see that the prototyping tools have a 

great impact on the created prototypes. The amount of tools can be seen to have a corresponding 

relation to the variety and types of prototypes. In the beginning prototyping was limited compared 

to nowadays due to the lack of technology. During the 70’s and 80’s when the IT revolution took 

place, there was the possibility of using older prototyping approaches or newest technological 

options. Nowadays, the prototyping tools focus merely on several of more or less similar 

simulation models. Therefore, the range of prototypes seemed to first diverge and then converge 

over time. Also, the prototypes seem to turn out to be similar following to the latest trend based 

on the newest tools. According to the theory, if prototyping is focused merely on one type of 

prototypes, there is one specific type of problems (Helander et al., 1997). Based on our analysis, 

we question whether the trend of prototypes actually reflects the problems, since that would mean 

mostly one type of problems during each time period. Even if the amount of integrated prototypes 

would have increased so much with the aid of technological development that the need for 

multiple prototypes would have decreased, one integrated prototype is not enough to solve a 

wicked problem. The environment of wicked problems proves to be more 
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complex and includes more aspects that are connected to each other and cannot be solved 

with one prototype. 

 

 

Secondly, the development of used tools and the advanced technology have enabled the 

development of product design. However, new challenges and problems occur along the 

development, e.g. adaptation to new tools and data transfer. We see this as a never ending 

vicious circle of solving problems and finding new ones – new tools bring along new 

problems. Despite the development of prototyping tools brings up new possibilities, it creates 

the problem of integration. One of the key challenges is to process all information gathered 

from prototyping, conducted tests and simulations to make right conclusions, hence, 

adequately evaluate options. Nowadays it is much more data than before which is 

complicated to work with. Therefore, the integration of tools, software and information is 

emphasized in the design process. 

 
 

Thirdly, from the empirical research it was observed that the various tools need to be 

integrated as well. The theory implies to a possibility of changing tools easily, however one 

of the empirical findings was the big amount of various tools used simultaneously that will 

possibly never be integrated. Since, the main goal remains to be eliminating errors and 

improving efficiency, the problem will be in ensuring that there are no mismatches in using 

different tools. We consider this issue of several unintegrated tools to be as one of the wicked 

problems in design process in the future. 

 
 

From the analysis, we noticed that learning, errors, collaboration, information and feedback are 

proved to be the main characteristics not only in theory but also in practice. However, as a 

limitation to our findings, the goal and the product play bigger role than we considered. The goal 

is set already in the requirements and later on the goal and the end product are taken into account 

in evaluation of options. Therefore, examining the role of the goal and product is a limitation of 

this paper and should be further researched as one of the prototyping characteristics. Further on, 

among the characteristics, errors were brought up often on different occasions. Therefore, in 

terms of future research it would also be interesting to examine the events from the perspective of 

purely errors in prototyping on a smaller scale. Why some aircraft have not succeeded? In the 

history of Saab, at least aircraft 19, 23, 24 and 27 were skipped or they never saw a daylight. 

Additionally, in terms of information being one of the 
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prototyping characteristics, knowledge transfer could be researched more specifically since it 

is closely related to learning process and prototyping. 

 

 

To conclude, prototyping tools prove to have a strong effect on the prototyping characteristics 

considered above. According to the links presented in the theoretical outline, development of 

prototyping tools influenced on evaluation of options when facing wicked problems in 

design. Theory implied that to solve a problem, both experiential and cognitive search need to 

be balanced since they are complementary (Gavetti & Levinthal, 2000). Based on our 

findings, advanced prototyping tools help reaching the balance. However, online and offline 

evaluation does not have to be equally done to solve a problem. The company switched focus 

from online evaluation of choices to offline, thus, making design process more efficient. 

 
 

With the improvements in collaboration of specialists, easier information processing, 

shortened feedback loop, faster learning and earlier prevention of errors, the wicked problem 

competence in product design was enhanced. In addition to these conclusions, this case study 

shows that prototyping tools may influence on how the design problem is approached that is 

not emphasized in the theory. Furthermore, we believe that a company can improve the 

design process and have greater chances of successful change when better understanding 

possible influences. 

 
 

“We cannot solve our problems with the same thinking we used when we created them.” 

Albert Einstein. 
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10. APPENDIX 
 

Figure 5. The timeline of Saab Aircraft and the prototyping tools 1930’s - 2020’s.  


