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Abstract 

Design methods are seldom used in engineering design practice. The presented study aims at finding 

the alternative strategies for situations with a need for methodological support. Semi-structured 

interviews were conducted with ten experienced design engineers to identify causes of and strategies 

for those situations. Three strategy clusters could be identified: generating information, experience 

and method application. As the individual’s and the team’s experience compete with the application 

of methods, they are seen as reasons for a lack of method application. 

Keywords: human behaviour, design strategy, design practice, design methods 

1. Introduction 

A primary goal of design research is to develop methods, which support designers throughout the 

whole process from generating early concept ideas for a new product until it enters the market. Despite 

of this goal, design methods show a low application rate in practice (e.g. Daalhuizen, 2014) even by 

experienced designers (Dorst, 2008). There are many hypotheses on the causes for this lack of method 

application in design practice, ranging from constraints of time and resources in industry to the 

usability of the developed methods (Jänsch, 2007) or missing responsibilities for the transfer of these 

methods into practice (Birkhofer, 2011). Studies investigating this lack of method application often 

focus on the methods themselves. Their goal is usually to find requirements for further development in 

order to improve usability, flexibility or acceptance of existing methods or to develop new methods 

(see e.g. Jänsch, 2007; Geis et al., 2008; Beckmann et al. 2014; Guertler, 2018). Other authors focus 

on the application and impact of design methods on industrial practice (Chakrabarti and Lindemann, 

2016). The presented investigations have in common that they focus on methods and their application. 

What is left out of the investigation, is the design engineer and the situation he/she is in. Lindemann 

(2016) concludes that the impact of design research needs to be investigated more closely. This 

underlines that there is missing research that links academic method development within design 

research with the application of methods in engineering practice. 

One possible approach is to identify, when there actually is a need for methodological support. It is 

assumed in the design research community that there is a general need for methods in design practice 

which is founded on the ill-structured character of design tasks (Simon, 1973; Jonassen et al., 2006) and 

the cognitive limitations of the designer (Jänsch, 2007; Ehrlenspiel and Meerkamm, 2017). Those 

assumptions are founded on experiences in studies and industrial practice, which illustrate the usefulness 

of methods for design activity. Those studies again focus on the method itself and not on the designer 
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and the corresponding situation. Looking at the design process from the designer’s perspective, there has 

to be a subjective need for methodological support to actually apply design methods. 

That is why we agree with Dorst’s (2008) and Badke-Schaub and Voute’s (2018) opinion, that the 

designers’ thinking and acting should be understood in more detail before new methods are developed. 

Therefore, this contribution aims at understanding the thinking and acting of designers during the 

design process. Dorst (2008, p. 7) specifies how those aspects should be included in design research: 

“[…]the process and content of design activity are connected with a model of the 

designer and the context in which designing is taking place.” 

There are few approaches, which try to establish a model of the designer and connect it with the 

context of designing. For example, Daalhuizen et al. (2009) conducted an interview study to 

investigate uncertainty in the design process. The researchers describe the situations with a high 

degree of uncertainty as “non-routine situations”. Those situations can be seen as situations with a 

need for methodological support as the designer does not know how to proceed and solve the 

situation intuitively. Daalhuizen et al. (2009) focus on the designer’s view of the situation and 

describe those non-routine situations in more detail. They define three sources of uncertainty as 

categories for non-routine situations: The individual, the social context and the design task. In 

each of those categories, the absence of required knowledge and skills of the designer are 

mentioned as causes for uncertainty. The mentioned knowledge therefore addresses the content of 

design activity. To better understand the role of the designer’s knowledge and skill, the causes 

within the contents of design activity – e.g. the task or the system that is developed – need to be 

investigated in more detail. We therefore conclude on the following research question:  

RQ1: What are causes for situations with a need for methodological support in 

engineering design practice? 

Daalhuizen et al. (2009) also describe designers’ responses to non-routine situations. “Keep going” is 

one of the nine described responses and combines several strategies including the formal use of design 

methods. It remains unclear, what influences the designer to use either a method or another strategy, 

which possibly stands in competition with the design method. To better understand, why methods are 

seldom applied in design practice the strategies designers apply need be investigated in more detail. 

Those strategies include every activity that is undertaken to overcome the non-routine situation, such as 

asking a colleague or building a physical model. We therefore conclude on our second research question: 

RQ2: What kind of strategies do expert design engineers apply to respond to 

situations with a need for methodological support? 

2. Method 

2.1. Scientific approach 

As the main goal of this contribution is a deeper understanding of the reasons, why designers seldom 

apply design methods in design practice, the designer himself should be in the focus of the investigation. 

Interviews with design engineers make obtaining information across different projects and products 

possible and support the investigation of the knowledge and views of different participants (Ahmed, 

2007b). To get more detailed information and to support the explorative approach semi-structured 

interviews with design engineers were chosen as method for data collection. Semi-structured interviews 

contain a fixed set of questions to be answered but do not prescribe a defined sequence and additionally 

leave room for follow-up questions which come up during the interview. 

To exclude limited methodological knowledge as a reason for the lack of method application, design 

engineers who acquired their engineering PhD in institutes with a focus on engineering design 

methodology were chosen as group of possible interviewees. As PhD’s are often in positions on a middle 

management level, they gain a detailed overview of many projects and are the ones to give advice when 

non-routine situations come up. Additionally, to reduce the influence of a single industry or company, 

the search for interviewees included multiple companies of differing sizes in southern Germany. 
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An interview guideline was developed which directed the conversation to the discussion of non-

routine situations: The interviews were structured by an interview guide in three phases. The first  

phase was directed at gathering information on the field of work of the participant, which enabled a 

more detailed understanding of the occurring problems. Phase two aimed at finding a concise 

situation that can be described as non-routine situation. Phase three then had the goal to examine 

this situation with respect to the underlying causes and the applied strategies to cope with it.  

The explorative character of this study design does not allow statistically found statements on causal 

relationships, but it nevertheless enables a deeper understanding of the situations that are explored. 

Especially semi-structured interviews make an in-depth investigation and the comparison of multiple 

views possible (Hussy et al., 2010). 

2.2. Data acquisition 

Ten engineering design experts with methodological knowledge from eight different companies could 

be acquired for the semi-structured interviews. The interviews took place in the participants’ 

workplace in order to provide a familiar environment and to make the use of work-related information 

possible. Additionally, the interviewer had the possibility to gain insights in the interviewees’ 

workplace. The interviews were conducted between January and March 2019. Table 1 lists the 

information on the Interviewees and the corresponding companies. When conducting such explorative 

and qualitative studies, the number of participants required is linked to the information that can be 

acquired through each new interview. As the rate of new insights distinctly decreased during the last 

two interviews, the number of ten participants is seen to be sufficient for this study. 

Table 1. Data of design engineers (DE) who participated in the study 

# Company 

field 

Company 

size (no. 

employees) 

Company 

department 

Position in 

company 

Experience 

in years 

(total) 

Experience 

in years 

(current 

position) 

DE01 Power Tools 27,000 R&D R&D Expert 15.5 5 

DE02 Robotics 14,000 R&D Team leader 16.5 4.5 

DE03 Plant 

Engineering 

650 R&D Department 

manager R&D 

34 15 

DE04 Automotive 

Supplier 

30,000 Predevelopment Design 

engineer 

10 5 

DE05 Machine 

Tools 

13,500 R&D Department 

manager  

14.5 2.5 

DE06 Engineering 

Design 

Service 

Provider  

30 Company 

Management 

Managing 

Director 

22 17 

DE07 Power Tools 27,000 Predevelopment Technical 

Project 

Manager 

15 10 

DE08 Automotive 10,000 Predevelopment Department 

Manager 

13 2 

DE09 Machine 

Elements 

50,000 Predevelopment Senior Expert 16 2 

DE10 Automotive 10,000 Development Team Leader 10.5 2.5 

It is visible, that companies from a broad context of different fields of expertise and different sizes took 

part in the study. Also, all participants except DE04 (see Table 1) worked in leading positions in their 

company. In this way, the participants were able to contribute their own experience from projects carried 

out by themselves as well as that of their employees from various other projects. The interviews lasted 

between 40 and 60 minutes and were recorded and later transcribed for analysis. Additionally the 
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interviewer took notes during the interview, which were digitalized afterwards. The interview guide 

contained different questions: The first question (1) was for the interviewees to define their field of work 

as concise as possible. Followed by a second question, (2) which kind of problems came up in their work 

and why they couldn’t be solved right away. This led to a discussion of problem cases that indicated 

non-routine situations. Afterwards the interviewees were asked (3) how they responded to those and to 

other similar situations. Also they were asked (4) if there were any methods prescribed in the company to 

address those non-routine situations that had or had not been applied in the situations discussed. 

Depending on the detail of description, multiple follow-up questions were posed to gain a better 

understanding of the situations described and to assess, how often methods were used. Afterwards, 

questions (2) - (4) were repeated iteratively to identify various similar situations, the underlying causes 

and the applied strategies. 

2.3. Data analysis 

The transcribed interview protocols were analysed following Mayring’s (1991) procedure for 

qualitative content analysis. As a first step, the data was paraphrased and a first coding was conducted 

to find similar topics in the different interviews to group the found segments. Afterwards a coding 

process was conducted as proposed by Glaser and Strauss’s (2017) grounded theory approach to 

support the explorative character of the study. The approach consists of three steps: (1) open coding, 

(2) axial coding and (3) selective coding. 

The open coding (1) produced segments labelled with multiple descriptive keywords resulting from 

the coder’s interpretation of the content. In this step, two coders interpreted each segment 

independently. Axial coding (2) then made grouping different segments and establishing causal links 

between multiple segments possible. In the last step of selective coding (3), groups of segments were 

chosen as categories and redundant segments were left out. The categories found were then organised 

in clusters if possible. As suggested by Strauss (1990) coding in the second and third step was 

paralleled and the results were generated iteratively. This was done to include learnings of the coders 

and to make the resulting categories as concise as possible. 

To summarize the findings, frequencies of the identified categories were calculated by occurrence per 

interview. Like this, an overview was possible on how many of the participants mentioned the 

respective causes and strategies. 

3. Results 

3.1. Causes for situations with a need for methodological support 

To answer the first research question (RQ1) “What are causes for situations with a need for 

methodological support in engineering design practice?” different causes were identified in the 

coding process and grouped into categories. The resulting categories, a description of each category 

and their frequency of occurrence in the interviews are shown in Table 2. Six different categories (C1 

- C6) have been identified by focusing on the content and the process of design activity. 

It is visible in Table 2, that in most of the conducted interviews, causes for non-routine situations can 

be attributed to either the design task (C1, C2) 

DE03: “Here, in fact, the solution space is infinitely wide. And it’s often difficult to 

compile a specification sheet at all” 

or the system’s intricacy and complex interactions (C3, C4) 

DE01: “This already shows that it’s pretty difficult to think of the sum of all things.” 

Especially the ill-defined design task (C1) seems to be a source for uncertainty and therefore for 

non-routine situations. Factors like the accessibility of information (C5) seem to play only a minor 

role. 

The described complex system interactions (C4) include not only the interactions within the technical 

system itself, but also the interactions with the environment it is operating in. 
 



 

ENGINEERING DESIGN PRACTICE 2499 

Table 2. Causes for non-routine situations 

# Cause Description Freq. 

[1..10] 

C1 Ill-defined 

design task 

In many cases the design problem, which design engineers have to solve, 

involves a high degree of uncertainty. Tasks comparable to “make this 

system 20% more efficient” include only the target value that has to be 

achieved but the possible modifications to the system to reach this target are 

not defined. Additionally there is usually a high number of possible ways to 

modify the systems which may interact with each other. 

8 

C2 Competing 

target 

values 

There are many target dimensions, which have to be met in product 

development. The design engineer has to evaluate which requirement is to be 

achieved with which degree of quality. Additionally, in interdisciplinary 

design, different disciplines set different target values, which result in 

competing strategies. Those target values add to the complexity of the design 

problem that is to be solved. 

6 

C3 Intricate 

systems 

Modern technical systems often consist of a high number of single parts. 

Each of these parts has its own requirements and specifications. This adds up 

to an extensive number of requirements and data to be determined, which 

makes it hard not to forget any relevant aspects in the development process. 

6 

C4 Complex 

system 

interactions 

In today’s technical systems, many components interact with each other in 

different ways. Thermal, mechanical, chemical and electrical interactions add 

up in long chains. Additionally systems get influenced by the environment 

they operate in (Matthiesen, 2011). These various interactions especially 

occur in mechatronic systems. This makes it nearly impossible to identify all 

relevant interactions (Matthiesen, 2011) before there is a prototype ready for 

testing. 

6 

C5 Information 

accessibility 

To design a system with a high degree of functionality it is necessary to 

include all relevant information. This information ranges from a single 

assessment of a necessary tolerance to a precise documentation of a reference 

system. In some cases, this information is not available because of 

confidentiality agreements or because a client does not allow to collect 

information on site. 

2 

C6 Time 

pressure 

For financial reasons development time is restricted and there are usually 

many competitors for the same market. This means that time-to-market is a 

crucial factor in product development. This results in a high time pressure for 

the development of a new product. 

4 

One of the participants described an example that included the influence of a lower barometric 

pressure on the system when used in a high-altitude country. This led to malfunctions of the product 

and therefore to refusals for this specific country. 

3.2. Response strategies 

The identified response strategies to answer the second research question (RQ2) “What kind of 

strategies do expert design engineers apply to respond to situations with a need for methodological 

support?” are shown in Table 3. Nine strategies (S1 - S9) could be identified and grouped in three 

clusters: Generating information, experience and method application. Table 3 shows the strategies 

with their description and frequency. 

The identified clusters were mentioned with a varying frequency: All participants applied strategies 

contained in the clusters generating information and experience. The preferred strategies in those 

clusters seem to be the use of prototypes and simulation (S2) as well as the use of team experience 

(S4) which nine out of ten participants applied. In the cluster method application there are eight 

occurrences of the containing categories in comparison to 14 in the cluster generating information and 

17 in cluster experience. Seven out of ten participants mentioned the application of methods to 

respond to non-routine situations. One of those seven participants applied both strategies of applying 

methods explicitly and of adapting them for the use in his company. 
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Table 3. Design engineers’ response strategies for situations with a need for  
methodological support 

Cluster # Strategy Description Freq. 

[1..10] 

G
en
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n
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S1 Analysing existing 

data 

Design engineers can use data that was gathered on a similar 

system or a previous product generation to obtain additional 

information. It is also possible to interpret data from clients to 

generate new information relevant for the actual development. 

For example: If there is no information on user behaviour, data 

collected in the field with a previous product generation can be 

interpreted to gain insights on user behaviour (e.g. Germann et 

al., 2019). 

6 

S2 Generating new 

data by prototyping 

or simulation 

Especially when developing a new system, it is unclear how the 

system will perform in the long term or how its behaviour will 

change because of wear or other effects. The testing of 

prototypes and computer simulations (e.g. CAE) help to generate 

data concerning such aspects and make gathering the relevant 

information possible. 

9 

E
x
p

er
ie

n
ce

 

S3 Using own 

intuition/experience 

Over the years, design engineers acquire different kinds of 

experience. They design different products, see many solutions 

fail and succeed what adds up to an intuitive understanding of the 

product and the process of designing. They can use this 

experience in various situations by recalling similar situations 

and selecting appropriate solutions without explicitly evaluating 

them. 

5 

S4 Using team’s 

intuition/experience 

Engineering design is usually a team activity that encompasses 

the experience of all team members. In a well-functioning team, 

design engineers can use their colleagues’ experience if they do 

not know how to proceed on their own or if they lack a piece of 

information necessary for the next step. This high level of 

communication between team members facilitates responding on 

the problematic situations. 

9 

S5 Using customer’s 

intuition/experience 

Especially in long-term projects, design engineers build a close 

connection to the customer in order to validate the progress of 

development. This close connection to the customer can be used 

to gain insights in reasons for requirements and to get helpful, 

product- and environment-specific advice for the development.  

3 
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S6 Applying 

prescribed methods 

Especially large companies try to condense their experience in 

design project guidelines to make the development process more 

effective and efficient. Those guidelines prescribe or suggest 

processes and methods for defined phases in product 

development. Also, some products might require the application 

of methods by law, e.g. FMEA. 

3 

S7 Applying method 

components 

Time pressure and other limiting factors lead to non-routine 

situations, which demand a quick solution. Design engineers can 

solve these kind of situations by applying only single steps or 

components of methods.  

2 

S8 Formal use of 

design methods 

If the design engineer knows a sufficient number of design 

methods he/she can deliberately choose a suitable method for the 

situation at hand autonomously. 

1 

S9 Adapting and 

developing methods 

Even if the design engineer has a large portfolio of methods, it is 

not always possible to find a suitable one for the situation at hand. 

In this case, design engineers with a methodological background 

can adapt and develop methods for the current situation. 

2 

Given the methodological background of the participants, it is surprising, that only a single participant 

mentioned the application of design methods that are not prescribed from third parties: 
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DE09: “This is just at the beginning that we set up the solution tree, that we fill the 

morphological box and then start to discuss […]” 

Although nine out of ten participants use their team’s experience to respond to non-routine situations, 

this has to be seen in a more differentiated perspective, as not every situation is suitable for the team’s 

experience: 

DE06: “Then you sit in the team, everyone wants to discuss along, and then there are 

again those with the big mouth. And then the system is determined as the ones with the 

big mouth want it to be.” 

Some participants explained, why they often do not work systematically anymore. They mention that 

their experience enables them to solve problems more intuitively: 

DE06: “The information research becomes less and less over time, because through the 

experience with other projects, there is always someone who says: ‘We could do it that 

way’.” 

Another reason that was mentioned by multiple participants, is that their daily work leaves no room 

for method application: 

DE10: “Yes, perhaps it would be advisable to be more methodical in one case or 

another, but it’s hard to get around in day-to-day business.” 

Five out of seven participants who mentioned design method application also reported, they wanted to 

use methods more often but only seldom did so. DE01 and DE09 were the only participants who 

reported to use design methods - adapted or original versions - quite regularly without prescription by 

their company or law. 

4. Discussion 

4.1. Causes for situations with a need for methodological support 

The results in section 3.1 show, that experts mainly identify the design task and the system’s intricacy 

as well as its complex interactions as causes for non-routine situations. These findings align with the 

results of Jonassen et al. (2006) who also identify the ill-structured character of engineering problems 

(compare C1 in Table 2) and conflicting goals (compare C2 in Table 2) as characteristics of 

engineering workplace problems. In the current study, there was no evidence for individual or social 

causes of non-routine situations as described by Daalhuizen et al. (2009), but they also described the 

complexity of the design task as one source for uncertainty. One reason for the lack of descriptions 

that could be linked to individual or social causes lies the focus of the interviews on the content and 

process of designing rather than the social context. This enables a new view on the subject as was 

intended for this study. 

The current study provides a deeper understanding of content- and process-related aspects of 

designing as it introduces the system’s intricacy (see C3 in Table 2) as well as its complex 

interactions (see C3 in Table 2) with its own components and the environment as factors that foster 

situations with a need for methodological support. The new findings on causes for non-routine 

situations can be summarized: 

(1) The intricacy of modern technical systems is a challenge for design engineers. 

This intricacy makes it difficult not to forget single aspects during design.  

(2) Complex interactions in technical systems pose challenges to design engineers. 

Those interactions can occur within the system itself as well as with the environment. 

These findings indicate multiple factors that trigger a need for methodological support. Design research 

provides various design methods to address these factors. The system’s intricacy as well as the occurring 

complex interactions may be addressed by using modelling approaches like the Contact and Channel 

Approach (Grauberger et al., 2019) or the Design Structure Matrix (Yassine and Braha, 2003). 
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4.2. Response strategies for situations with a need for methodological support 

According to the results presented in section 3.2 there are three clusters of strategies to respond to 

non-routine situations: Generating information, experience and method application. Addressing 

experience, many participants mentioned their intuitive “gut feeling” which they developed for the 

product and the process as well. It seems logical, that experience linked to the product competes with 

strategies for generating information like prototyping and simulation whereas experience linked to the 

process of designing competes with method application, as methods provide explicit instructions on 

how to proceed when the designer is stuck. Moreover, this aligns with the findings of Ling et al. 

(2014) who found that designers’ intuition influences the search for information, comparable to the 

cluster generating information, and also influences the generation and selection of ideas, comparable 

with method application. Ahmed (2007a) also describes “product knowledge” and “process knowledge” 

and finds, that sufficient product knowledge is necessary to set up tests, what confirms the influence of 

experience on prototyping and simulation. As experience spans knowledge attributed to the product 

that is to be designed as well as to successful processes to reach a satisfactory product, the use of 

experience influences both dimensions of knowledge suggested by Ahmed (2007a). Design methods 

should make previously successful, proven processes available by making them explicit. In this view, 

the formal use of design methods and the use of experiential knowledge of proven processes compete 

with each other as they address the same non-routine situations. Daalhuizen and Badke-Schaub (2011) 

discovered that experience reduces the formal use of design methods in planning situations in a 

laboratory context. As the current study discussed cases from industry supplied by experienced 

practitioners, it additionally shows this effect in engineering design practice. Moreover, not only could 

the influence of experience of the individual be shown, also a new dimension was identified, that is the 

experience of the design team. This experience also seems to compete with the use of design methods. 

As described before, the rate of method usage by the participants – who are specially trained in 

methodology – was surprisingly low. This might originate from the frequent use of experience. This 

supports the view of Jänsch (2007) that design methods are nothing else than experiences of successful 

design processes made explicit. Those implicit methods are applied with less time and effort 

(Ehrlenspiel, 1999). This is why they compete with the formal use of design methods.  This view is 

supported by various participants, who addressed the lack of time to use methods in day-to-day 

business. In some cases they used the strategy application of method components instead to save time 

and effort in comparison to the application of the whole method: 

DE06:”[…]when we make suggestions, then we first rate with thumbs up / thumbs 

down. [...] but unweighted, without a number behind it. Simply described qualitatively” 

Another aspect is the high value the participants themselves see in their experience and intuition. This 

experience was often mentioned as the “engineer’s gut feeling”: 

DE09: “[...] as an engineer you should listen to your gut feeling. Because this gut 

feeling represents an incredible amount of experience that you can’t grasp. It’s not 

necessarily an equation. [...] So I’d rather listen to an experienced engineer with his 

gut feeling than to an inexperienced engineer with a calculation. Because the 

calculation can be wrong, the gut feeling is often right [...]” 

Badke-Schaub and Eris (2014) also identified that the use of intuition requires a certain degree of 

experience and simultaneously stress the high value of intuition. The insights that could be found by 

analysing the strategies design engineers apply to respond to non-routine situations can be summarized 

as follows: 

(1) Design engineers highly value their experience as tool to help them when 

solving problems during design. (2) The experience of design engineers seems to 

lead to a reduced application of design methods in practice. This effect is also 

visible for the experience of the design team. 

Regarding the lack of method application, this means, that the role of intuition or experience as a 

supplement for the formal use of design methods should be investigated further. Particularly the 
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distinction, when the design engineer’s or the design team’s experience is suitable to solve the 

situation and when it is more advisable to use known design methods remains unclear. This should be 

addressed by representing non-routine situations in a study design and comparing the use of 

experience and the formal use of design methods. As experienced design engineers tend to use their 

experiential knowledge rather than design methods in their original form, it seems advisable to 

develop design methods especially for unexperienced design engineers. That means, assessing the 

needs of unexperienced designers is necessary. 

5. Conclusion and outlook 

The main goal of the interview study presented was to identify reasons, why methods are seldom 

applied in engineering design practice. This was approached by identifying causes for situations which 

imply a need for methodological support as well as strategies to respond to those situations. Ten 

engineering design experts with methodological knowledge from eight different companies were 

interviewed to collect the necessary data. The results after coding and categorising the semi-structured 

interviews were six different causes as well as three clusters of strategies containing a total of nine 

strategies. 

Concerning the causes of non-routine situations the interviews showed, that the ill-defined nature of 

the design task and the system’s intricacy as well as its complex interactions play an important role for 

the need of methodological support. By comparing the frequencies of the three identified clusters of 

strategies: generating information, experience and method application a surprisingly low rate of 

method application could be identified compared to the other clusters. 

A deeper analysis showed, that the applied strategies address product knowledge as well as process 

knowledge, which are both key competencies of design engineers. The use of individual experience as 

well as of the design team’s experience seems to compete with the other strategy clusters for both 

knowledge types. We therefore conclude that the use of methods gets reduced by the use of experience 

that is in most cases the intuition of the designer or the design team as a whole. This seems to be one 

of the reasons, why methods are seldom applied in engineering design practice. 

As this competing strategy of using experience might be superior to the use of methods in some cases 

this needs to be investigated further in design research. By investigating, in which situations and under 

which conditions it is more advisable to use the own or the team’s experience instead of a design 

method in its originally intended form, it gets possible to identify a more objective need for 

methodological support in design practice. 
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