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Abstract 

This research proposes a group model building workshop method that uses causal loop diagrams 

to foster capabilities for sustainable product development based on feedback and observations 

from several cases. The method’s potential to enhance sustainability system thinking skills and to 

identify relationships between sustainability criteria and traditionally identified requirements is 

evaluated. The method can trigger discussion, visualize complexity and dependencies of 

sustainable design problems. Other application areas are e.g., sustainability training for practicing 

engineers and students. 

Keywords: sustainable design, complexity, design methods, group model building, causal loop 
diagrams 

1. Introduction 

Organisational sustainability capabilities are key for successful implementation of support methods and 

tools for sustainable design and product development (Brones et al., 2014). Although systematic efforts 

are important constituents of these capabilities, such as implementation of tools and methods, ‘soft’ 

aspects are too. Decision-making that leads to minimised unintended negative socio-ecological 

consequences, requires shared mental models of the desired goal situation, as well as the current, and the 

factors that can influence the situation towards the desired state (Waage, 2007; Mendoza et al., 2017). 

Previous studies have furthermore showed, that even though a sustainability strategy have been 

systematically implemented in the operational management system, it does not necessarily mean that the 

scope of this strategy adopts a socio-ecological systems perspective (Ceschin and Gaziliusoy, 2016). The 

socio-ecological criteria that is brought into the product innovation process may then fail to be 

contextually relevant for the company and will hence not be prioritised in trade-offs with other 

requirements. One way for socio-ecological considerations to become a part of the design rationale, is to 

quantify sustainability performance and integrate this data in traditional engineering design model 

environments. For example, tools based on traditional design methods, e.g., Quality Function Deployment 

(QFD), Design Structure Matrix (DSM), Theory of Inventive Solving (TRIZ), etc. that are combined with 

ecodesign tools do not acknowledge the importance of the contextualisation and traceability in the 

selection of sustainability aspects to integrate (Watz and Hallstedt, 2018). Such tools, however, have a 

low implementation rate in industry (Held et al., 2018). It seems that methods that can achieve both 

traceability in the chain of decision-making, organisational commitment and ‘soft’ sustainability 
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capabilities are needed for increased sustainable product development (SPD) implementation in product 

developing companies, see e.g., (Pigosso et al., 2013; Brones et al., 2014; Gould, 2018) 

1.1. Aim and objectives 

The aim of this paper is to share insights from the development and test application of a novel 

methodological approach to enhance sustainability systems thinking capabilities in early design decision-

making processes. The main objective is to explain the scientific background and development of a 

novel workshop method and its design. The objective is also to share reflections around usability, utility 

areas and improvements of the method. The research question guiding the design and execution of the 

study was ‘can group model building with causal loop diagrams, foster design team capabilities for 

sustainable design, and if so how?. The remaining of this paper is structured as follows; section 3 

describes the research design and method development, section 4 outlines the results, i.e., a proposed 

method and outcomes of the analysis. Finally, section 5 discusses the outcomes in relation to the aim and 

objective and provides conclusions, main contributions and ideas for future research. 

2. Background to the selection of group model building with causal 
loop diagrams as support for sustainable product development 

As most of the lifecycle sustainability performance of a solution is determined by decisions the early 

concept development phase of the product innovation process, it is essential to have integrated socio-

ecological design criteria into this phase (Poudelet, 2012). However, systematization without a socio-

ecological system contextualization of a design problem can induce risk for sustainability-sub 

optimizations, that is, unintended negative consequences in another sustainability dimension, i.e., 

social, ecological, economic, then was originally optimised for (Byggeth and Hcoschorner, 2006; 

Hjort and Bagheri, 2006; Laurenti, 2016). Soft organizational and individual capabilities must also be 

improved for successful SPD implementation, and it has even been discussed whether solely soft skills 

improvement can be more efficient than systematized efforts, see e.g. Siva et al. (2018). Two recent 

action research studies suggest that a combination of systematisation and soft organizational 

capabilities improvement is needed for successful implementation of ecodesign (Brones et al., 2017) 

respectively SPD (Hallstedt and Nylander, 2019). Both studies conclude that top-down initiatives at 

strategic and tactical management levels, i.e., design of policies and operational management systems 

including implementation of ecodesign tools, should be combined with bottom-up approaches at 

operational management level, such as training in sustainability systems thinking. Lack of skills in 

socio-ecological systems thinking at operational level does not support prioritization of sustainability 

aspects in trade-offs during early design phases. Therefore, sustainability considerations beyond 

regulatory compliance struggle to become ‘critical’, nor ‘essential’ constituents of requirement 

specifications (Nilsson et al., 2018; Watz and Hallstedt, 2020). Against the background that few 

design methods available today, e.g. above mentioned approached using e.g. QFD, DSM, or TRIZ, 

adopt socio-ecological systems contextualization of sustainability during the identification and 

interpretation of needs into requirements, little room is given to explore the interplay between 

sustainability criteria and traditionally identified requirements.  

2.1. Group model building with causal loop diagrams 

McCardle‐Keurentjes et al. (2018) describes how active participation in the construction of a model 

leads to more trust in it, as it increases the ability to recognize critical information within the model. 

Active modelling could thus enhance the understanding of a problem structure and to more confidence in 

decisions based on the co-developed model. Group model building (GMB) is such an approach for co-

generative team learning that leads to better data interpretation, systems understanding and confidence 

within the individual stakeholders in a group of decision-makers, as well as the groups’ satisfaction with 

the decisions being taken (Rouwette et al., 2011). It is useful for collaborative decision-making in 

complex systems, as teams co-create and visualise mental models. By doing so, relationships between 

factors that affect the behaviour of a system, and thus influence the state of the desired situation, can be 

unveiled. The problem context then co-defined within the team, leading to that different stakeholder 
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perspectives and assumptions can be discussed (Andersen et al., 2007). This can help decision-makers 

identify leverage points, that is, key factors for system optimization. Using causal loop diagrams (CLDs) 

is especially useful to support GMB when there are uncertainties regarding how different aspects of a 

system, as in the case of design, affect one-another (McCardle‐Keurentjes et al., 2018). As causality is 

visualised in terms of stock and flows, i.e., quantitative units, it is necessary to be specific in the 

definition of the modelled relationships, which forces decision-makers to discuss and agree on how 

things are. This entails that CLD forces assumptions to be explained, especially if stakeholders disagree 

on a relationship in the diagram. Once detailed system behaviours have been unravelled, they can be 

‘hidden’ in a sublayer of the CLD to simplify the model (Vennix, 1996).  

These indicated benefits of GMB are similar to what has been suggested as seven important cognitive 

concepts for successful ecodesign, i.e., responsibility over actions and outcomes, decision-making skills 

in complex problem structures, ability to simplify judgements and decisions, that good decisions requires 

some effort, trust in models and information, cognitive dissonance, and motivation for change behaviour 

(MacDonald and She, 2015). More recently Gould (2018) concluded that designers’ individual 

capabilities for sustainable design can be supported by, preferably a combination of, formal training and 

practical experience with interactive problem-solving in a relevant context. More attention has therefore 

been directed towards the importance of the early, and highly discussion-based, activity in the 

requirement management process on the concept development- and selection phases of a design project. 

As CLDs are the pre-steps to system dynamic (SD) models, which traditionally has been used for 

modelling of business cases, policy-making scenarios, earth-system science, and in health care 

sciences. For the purpose of sustainable product development, GMB, CLD and SD have so far been 

used for e.g. ecodesign business case modelling (Rodrigues, 2018), and exploration of policy scenarios 

which can have positive impact on the development of more sustainable products (Laurenti, 2016). 

From a SPD perspective, GMB using CLD, could be an opportunity to establish a common 

understanding of sustainability in the context of a specific design project and a way for designers and 

engineers to improve their sustainability systems thinking skills (Jaghbeer et al., 2017; Ny, 2009). It is 

then expected that the use of a systems perspective of lifecycle socio-ecological aspects can be 

increased already in conceptual design. With the objective of increasing the use of a socio-ecological 

systems perspective a group model building method is proposed in this paper. In addition, it is 

explored how GMB and CLD can be utilised in the product innovation process to support integration 

of sustainability aspects in a holistic and strategic way. 

3. Research design and method development 

Evolutionary prototyping was employed to adopt a ‘soft design science’ research approach aiming to 

improve the design process through qualitative methods of working rather than software-based tools 

(Baskerville et al., 2009). Hence, the workshop method design was continuously modified based on the 

feedback and observations collected from each session. Running the workshops was hence a method for 

the researchers to better understand the research problem and gain insights to how it could be addressed. 

The research study expanded over 1,5 years and the material generated by the participants was 

continuously collected from each workshop and used together with feedback, memos, and a research 

diary, all used to refine the workshop method in an evolutionary manner. At the end of the workshop 

prototyping, all material from the resulting four workshops, i.e., WS1, WS2, WS3 and WS4, was 

consolidated using qualitative content analysis. Figure 1 shows an overview of the workshop method 

development process. 

3.1. Participant selection and data collection 

Stratified purposeful sampling (Palinkas et al., 2015) was used to select workshop participants. 

Participants of the two company-situated workshops, i.e., WS1 and WS3, where selected by a 

company contact. Participants of the two larger workshops, WS2 and WS4, were part of an open 

research seminar held with a research partner-, and company consortium, respectively participants of 

the engineering design conference where the workshop was a part of the programme. All workshop 

invitations included a short background, purpose, aim and description of the method. Participants were 

consequently representatives from various product developing companies, engineering consultancies, 
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academic research groups and countries, and the workshops were held in different locations and group 

sizes so that both academic and industrial perspectives could be retrieved. 

 
Figure 1. Evolutionary prototyping of workshop development, showing how the workshops were 

continuously developed using feedback and facilitation experience from previous workshop 
sessions 

3.2. Evolutionary prototyping process of group model building method 

The workshop approach was first tested in the author’s research team which is a team of specialists in 

the field of sustainable product development research. Based on the discussions at this pilot session, 

the first workshop session was prepared.  

In the first workshop, WS1, which was held at a company with various internal stakeholders in the 

design organisation, the participants were introduced the importance of systems thinking when 

integrating sustainability in design and especially in early requirements management. Thereafter they 

were introduced group model building using causal loop diagrams (CLDs), after which they were 

provided with a fictive, but company-tailored, sustainable design problem. Guided by a question, one per 

team of 3 or four participants, they were asked that through CLD modelling identify trade-offs and 

correlations between traditional requirements and strategic sustainability criteria. WS1 took in total 2 

hours, including introduction, modelling and a final discussion during which the participants filled in the 

feedback forms. WS2 was held shortly after the first in a larger format, at a research seminar, engaging 

20 participants from both industry practitioners and researchers. In this session, all participants worked 

with the same design problem in teams of 4 to five. The same introduction to the purpose and aim of the 

method were presented, as well as introduction to CLD. The diagrams, notes and feedback forms were 

collected also from this workshop. WS3 was held at a company in a small group, four purposefully 

selected experts from the design organisation. The representatives were a product planner, a product 

owner, technical specialist and a lifecycle cost specialist. Together they modelled a tailored design 

problem, guided by the main author which gave them a shorter introduction to CLD modelling than in 

the two previous workshops. A longer discussion was held in this workshop than in the two previous. At 

this workshop the participants did not fill in the feedback forms but the discussion, still following the 

questions in the feedback form, was recorded and the researchers took notes which were verified with 

the participants afterwards. WS4 was held at a conference in engineering design and engaged around 40 

participants that were mainly from academia. The workshop started with an introduction to the 

background and purpose of the method, and the participants were given a brief lecture about group 

modelling, sustainable product design and CLDs. For this session, the following three changes were 

made: i) The participants were not provided with a thorough step-by-step CLD modelling example, ii) 

The participants were however suggested to use reference behaviour diagrams (RBDs), i.e., two-

dimensional graphs where the qualitatively estimated relationship between two variable in the system is 

illustrated, see Figure 2, which were explained in the introduction, and iii) A template including a fictive 

design problem scenario description, with customer requirements and strategic sustainability criteria 

indicators, and instructions to the CLD modelling was developed and distributed to the participants, 

which formed teams of four to five. Approximately 2,5 hours were spent on WS2, WS3 and WS4 each 

which included the same steps as WS1. At all workshops, strategic sustainability criteria, i.e., criteria that 

are tailored for a company so that they cover both long term- and short term sustainability targets, 
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derived from a socio-ecological systems perspective (Hallstedt, 2017), were used in the design problem. 

In this way, they were contextually relevant for the company, a key characteristic for ‘good’ 

requirements (Kotonya and Sommerville, 1998). 

 
Figure 2. Example of how reference behaviour diagrams were drawn and used in WS4 to discuss 

relationships between customer requirements and selected sustainability criteria indicators 

3.3. Qualitative content analysis 

To analyse the data collected from the workshop sessions it was decided to apply qualitative content 

analysis (QCA). A team of four researchers, i.e., two PhD candidates, a senior researcher and the main 

author conducted the QCA, which consisted of three main phases. First, a coding frame was established 

(Schreier, 2012). Thereafter, a joint discussion in four steps, i.e., introduction, opening discussion, open 

coding, and a final discussion, allowed code categories to emerge inductively drawing upon logic and 

prior research results described by the main author. The researchers used a combination of colour 

coding, i.e., one colour per section of the feedback form, and free annotation of key terms and concepts. 

Finally, the outcome of the coding was discussed, highlighting strong and discrepant themes in each of 

the three feedback sections. The final step consisted of cross-referencing of all notes and feedback forms 

and open codes as well as clustering of codes into the highlighted themes. It was annotated whether the 

participant was a researcher on industry representative to allow comparison of feedback between these 

categories. Figure 3 gives an overview of the steps that constituted as the QCA process. 

 
Figure 3. Steps in the qualitative content analysis 

4. Results 

This section describes the results of the evolutionary prototyping and the QAC of collected data. 

4.1. Description of resulting group model building method for sustainable 
product development 

The workshop started with an introduction to the purpose and aim of the exercise, as well as an 

introduction to the basics of SPD, GMB and CLD. Thereafter, the participants were divided into teams 

of four to six that were each provided with a design problem scenario, outlining the main customer 

requirements (CRs) and leading sustainability criteria indicators (SCI) (Watz and Hallstedt, 2018). 

Following the steps as indicated by the workshop template, see Figure 4, the teams are asked to i) 

discuss and mark out which variables they intuitively see relationships between (box ‘3’), ii) illustrate 
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the relationships using RBDs (box ‘4’), iii) draft a CLD (box ‘5’) iv) annotate issues that were 

discussed, such as unravelled variables (box ‘6’), and v) write down the main findings in box ‘7’. In 

total, two hours were allocated for the workshop. The workshop design triggered the teams into 

discussions around whether, at all, there were links between a designs’ performance in relation to 

ingoing customer needs and sustainability criteria, and if so, if they were causal. To find causality, the 

team needed to discuss other variables than those provided in the design problem and were in this case 

asked to annotate them. At the end of the modelling session the aim was that each team should have 

started to sketch CLD’s and annotate new findings, including; sustainability criteria and customer 

needs that correlated, or trade-offs between them, as well as new insights about key factors outside of 

the provided scope of variables that came out of the discussion. Figure 5 provides an overview of the 

sequence of activities, i.e., the main steps, in the developed method. 

 
Figure 4. Schematic overview of GMB WS method for SPD templates. Box ‘1’ provides an 

instruction to CLD modelling, ‘2’ gives a brief design scenario description, ‘3’ gives space to 
intuitively connect SCIs and CRs, ‘4’ is space to draw RBDs based on links in box ‘3', ‘5’ provides 
space to sketch a CLD, ‘6’ is space for free notes, and ‘7’ is a table where results can be filled 

in 

After the workshop, all participants were provided with feedback forms. The forms were designed 

according to Design Research Methodology-guidelines for qualitative analysis and support evaluation 

(Blessing and Chakrabarti, 2009). Participants were asked about prior experience in the methodological 

approach, their expectations on the session, and about their experience. The three feedback questions 

were ‘Did you experience any surprises or new understandings? What? Which?’, ‘Could the CLD be 

used in your organisation? Why/How? For what?’, and ‘General comments?’. The first two questions 

aimed to get an indication of the usefulness of the method in relation to its intended purpose, and to room 

to share ideas of other use areas, whereas the third question gave room for open reflections. 

 
Figure 5. Main steps in GMB method for SPD 

4.2. Results of qualitative content analysis of workshop observations and 
feedback 

While facilitating, the authors annotated what they observed and heard in the working teams. The CLD’s 

created in the three first workshops were also collected. From the final fourth workshop, all templates 

were collected. The participants’ feedback was collected in addition to the material generated from the 

modelling exercise. Seven feedback forms were so collected from WS1, 20 were collected from 

WS2notes and recording from a discussion following the feedback form structure was collected from 
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WS3, and from WS4 37 forms were collected. All this this data underwent QCA and resulted in three 

categories, i) new insights, ii) feedback about usability and application areas, and iii) general comments. 

4.2.1. Participants’ new insights 

In the first feedback form category, a total of 75 codes were formed in the inductive coding during the 

QAC workshop. During the discussion step of this workshop, eight themes emerged which were 

analysed, and consolidated into six, in the theme analysis step. The six themes were: 

i) Importance of system boundaries to complex problems. Some of the participants indicated upon a 

newfound understanding of system boundaries related to sustainability aspects in design. It was for 

example mentioned as being interesting to try and build a dynamic problem from static variables and that 

mapping of system behaviour required a lot of preparation, or detailed knowledge about each of the 

variables to be analysed in the CLD, ii) Benefit of visualising hidden dependencies. Many participants 

expressed that they learned or were reminded about the power of visualisation. The method helped some 

participants to see hidden dependencies between not only sustainability criteria and traditionally 

identified customer needs, but also between different sustainability criteria and different customer needs, 

iii) Participants did not learn anything new. Some participants expressed that they did not learn anything 

new from the method or that they expected the session with its’ outcomes to be like it was, iv) Difficult 

to start. Several participants described that it was difficult to start the exercise with the provided 

instructions and material. They were not expecting it to be so difficult to start working with a system 

mapping exercise in a group, v) A learning by doing approach. There were comments expressing that 

they found the session being a learning by doing exercise. In this case, the act of modelling itself helped 

the participant to develop new awareness of a designs’ performance in other areas than they traditionally 

focused on, vi) A quick and easy way to get a systems overview. Some participants saw this method as a 

fast way to get an overview of the important design aspects that impact the sustainability performance of 

a product lifecycle. Comments indicate that participants were experiencing an approach to identify 

relevant variables to include in models for design decision-making. 

4.2.2. Participants’ feedback about usability and application areas 

The inductive coding gave rise to a total of 63 codes, from which 20 themes emerged in the ‘usability 

and application areas’-category. After the theme analysis, the 20 themes were consolidated into five 

categories, namely: 

i) Design or innovation tool. Comments stated that the method could be used as a tool to stimulate 

innovation or new solution ideas, as it helped contextualize sustainability within the frame of customer 

needs. The method could also help designers gain a deeper understanding of the customer needs, in 

general, ii) Strategic planning tool. Some participants were critical to the usability of the method in the 

conceptual design but saw other potential application areas, such as business planning for circular 

business models, value chain design or policy design, iii) Method for pre-studies to design projects. 

Another category of comments mentioned that the method could be used in pre-studies for design 

projects. It could be used for high level sustainability assessments and help conduct initial system 

analysis. Hence, it could visualize performance and sustainability dependencies and perhaps help 

identify functional conflicts and side effects, iv) A discussion tool. A general comment was that the 

method was useful to stimulate discussions, at all organizational levels, v) Potential as teaching tool. 

Many participants saw a strong educative potential in the method. Comments mentioned that it could be 

used both in organizations and in engineering education to enhance sustainability systems thinking skills. 

More specifically, it could be used both as a ‘introduction to sustainability’ tool, or as a sustainable 

design education method in either university programs or at design and manufacturing companies. 

4.2.3. Participants’ general comments 

From a total of 61 inductively created codes created during the QAC workshop, fourteen themes 

emerged in the ‘general comments’ category. These were thereafter abstracted into six larger 

categories in the theme analysis step. The resulting themes within the general comments were: 

i) The purpose of the method was unclear. Some participants expressed that they did not see the added 

value of this method in comparison to other decision support tools for engineering design, such as the 
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design structure matrix or failure models and effects analysis. Other comments expressed the need for 

an example in the introduction of the workshop to better understand how to perform the exercise and 

how to use the results. Some participants mentioned that a simpler exercise with fewer variables 

would have been easier, since they claimed that the modelling required detailed data, ii) A means to 

understand and discuss complexity. Many participants described that the method was an eye-opener 

for complexity and that they were reminded of how many factors that influence the performance of a 

design. Some participants mentioned that the method was useful to initiate discussion about 

sustainability that otherwise would not occur and that it could be useful to have structured discussions 

for other aspects than sustainability only, iii) A positive experience. Although many participants 

commented on the need for more contextualisation to understand the purpose and value of the method, 

several comments expressed a positive experience. These included the facilitation of the exercise itself 

and appreciation for a novel approach in the field of sustainable design, iv) Digitalisation 

opportunities and new business ideas. Some general comments said that the method gave rise to 

innovative ideas for digitalisation and new business models. For instance, the system mapping could 

help identify which sustainability parameters to include in a digital model to improve the accuracy of 

performance evaluation in the concept generation and evaluation phase from a sustainability 

perspective. Other comments involved statements such as ‘triggers marketing thoughts’, indicating 

that the method helped identify design improvement aspects to be issued to upstream functions of the 

organisation, such as the marketing department, by designers at operational management level, v) 

Improvement suggestions. Many of the general comments included clear improvement suggestions, 

besides the request for examples in the introduction for contextualisation, on both the facilitation and 

on the workshop material. These involved e.g. using a refined and consistent wording of terms and 

constructs, and to add a box to the template that explained the concept of systems thinking. 

5. Concluding discussion 

This paper has described the research process from which a group model building method, based on 

causal loop diagramming, was developed, aiming to enhance capabilities for sustainability systems 

thinking in early phases of engineering design projects. The main steps of the method are: Problem 

description, discussion of relationships between customer requirements and leading sustainability 

criteria indicators, identification of additional design variables and co-generation of a CLD, annotation 

of new insights and discoveries, and annotation of found correlations or trade-offs between 

sustainability criteria and traditionally identified requirements. The method was prototyped by the 

team during 1,5 years during which four workshops were held, allowing the method to be refined 

continuously during the research study. GMB based on CLD was selected due to its potential to foster 

soft capabilities for SPD, as well as providing a basis for quantitative dynamic modelling to be 

integrated in an engineering environment. By using a pre-defined problem definition, constituting of a 

set of variables and a question that triggered systems thinking, participants went through a CLD 

modelling phase where new variables could be identified and the relative importance of the variables 

in relation to the problem definition were discussed and illustrated. The exercise aimed to help 

participants visualise the otherwise ambiguous sustainability impacts of design decisions, which often 

are delayed. Although delayed feedback can be marked out in CLDs using specific symbols, it was 

decided not to do so, as most sustainability impacts are delayed from a product life management 

perspective (Ulrich and Eppinger, 2012; Laurenti et al., 2014). The methodological design allowed the 

researchers to gain better understanding of how of group model building, facilitated by a qualitative 

tool such as CLD can be used to foster soft capabilities for SPD.  

5.1. Usability, applicability and limitations of developed method 

Based on the QCA it was possible to distinguish themes of applicability, usability and limitations for the 

developed GMB workshop method. Firstly, the method gave rise to new insights among the participants 

which followed six themes, i.e., a strengthened appreciation of system boundaries in relation to complex 

problem-solving, a benefit in visualisation to reveal hidden dependencies, that group model building 

using causal systems thinking is a learning by doing approach, and that the developed method can be 

used to in a quick and easy way to get an overview of a systems problem. However, some participant 
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stated that the method did not teach them anything new and that it was difficult to start, indicating that 

the workshop should be assigned more time and facilitation. Secondly, feedback indicated that the 

method can be used as a design or innovation tool, because it supported a deepened understanding both 

sustainability in the context of the customer need profile and dependencies between stakeholder needs in 

general. Other use and application areas were strategic planning in terms of business-, value chain-, and 

policy planning, and to be used in pre-studies for design and innovation projects. Finally, participants 

saw potential in the method for applications in education and sustainability training, or as a general 

discussion tool to be used at all organisational levels. Thirdly, participants gave general comments about 

the method which followed five themes, i.e., that the purpose of the method was unclear, that the method 

was a means to gain understanding about complexity, that they liked the experience of testing the 

method, that the method gave rise to new business ideas and digitalisation opportunities, and suggestions 

for improvements. A general limitation is that the QCA did not analyse the participants’ experiences 

related to their prior knowledge about GMB, CLD, or SPD. However, this limitation can reflect a real 

life situation if the method was used in e.g. an industrial design team. 

5.2. Concluding remarks and outlook 

The insights mentioned in the previous section have given rise to ideas for future improvements and 

applications of the method. For instance, the results indicated that the method can be used in several 

settings besides the intended situation, i.e., early requirement discussions for product innovation projects. 

One of the general reflections was that the purpose of the method was unclear, why improvement ideas, 

e.g. prolonged modelling time and enhanced contextualisation, and suggestions for other use areas will 

be used to further refine the method and test it for verification. For instance, a next iteration will be 

conducted at a case company, in an action research study, with a real design problem while using more 

time and detailed data. Then, it can be investigated if the resulting model can be computerised and 

integrated in a digital design environment and support decision-making. This may be interesting as GMB 

helps visualize dependencies between stakeholder values in design problems. It can further be explored 

if and how the resulting model and generated insights can be captured and used in the design rationale, 

i.e., the documentation providing the traceability of requirements in an engineering design project 

(Poorkiany, 2017). The GMB method can also be tested in education and as part of a sustainable design 

training programme to enhance SPD capabilities of future and current engineers. 
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