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SUMMARY
Product sounds are important in our interactions with them. The temporal and context-dependent nature of sound 
makes it difficult to design them. There is a semantic gap between how we talk about sound and how it is embodied. 
Sound-driven design aims to improve this in two ways. It proposes a human-centered design approach, focusing on 
designing for the listening experience instead of purely the sound. Secondly, it proposes a collaborative approach, 
iteratively designing the listening experience with all stakeholders throughout the project.

The four stakeholders of sound-driven design work and design with sounds in different ways. Sound designers are 
brought in late into a project and work on sound solitarily. They are experts at bridging semantic gaps. Acoustic engineers 
are solution-oriented and think of sound in terms of noise elimination. Design researchers are experts in guiding design 
processes and incorporating user needs but are ill-equipped for sound. Expert users are well attuned to the sounds of 
their context, which is vital information for sound-driven design.

During group ideation, participants use generative session methods to generate solutions to a design problem. If this 
collaboration is managed effectively, a group outperforms its members. Generated ideas are larger in quantity, quality, 
variety, and originality. During idea generation, participants use their creative cognition to generate ideas. The dual 
pathways model of creativity states that creative cognition is the result of persistence and flexibility in thought. These 
two cognitive processes can be primed to enhance creativity.

Based on this theory I designed Soundstorm, a quick and collaborative card game. Players take turns making product 
sounds based on randomized prompts. It should be played before starting a generative session, and positively influences 
its outcomes. Soundstorm is meant to improve creative cognition by priming the persistence and flexible cognitive 
process. Soundstorm allows players to practice vocal expressions. Playing a collaborative game increases social cohesion.
Soundstorm was validated using a protocol study (n=18), in which 3 groups played a game before a brainstorm, and 3 
did not. There was no increase in the number of ideas generated. There is an increase in iteration for the Soundstorm 
group, but the effect was not significant.

Future research into sound-driven design ideation should explore the fundamentals of sonic and verbal generative 
methods. Furthermore, sound-driven design should be applied in a collaborative project where problem and solution 
are allowed to coevolve over multiple iterations.
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PREFACE
This report is the documentation for my graduation project for the master Design for Interaction. It was done at the 
faculty Industrial Design Engineering, at the Delft University of Technology. For the project brief that kicked of this project, 
see appendix D. This master thesis was done at the Critical Alarms Lab, a research lab at Industrial Design Engineering. 
Critical Alarms Lab collaborates with industry and medical partners to research complex sound issues in design.

In this thesis, I explore the concept of sound-driven ideation, and what the various sound and design experts need during 
this. I will first introduce the context of sound-driven design, and the four stakeholders involved in its process. These 
are Sound Designers, Acoustic Engineers, Design Researchers, and Expert Users. Then I dive into the field of ideation 
research, and what that would mean for sound-driven ideation. I introduce a collaborative board game, Soundstorm, 
meant to prepare players for a sound-driven generative session. Finally, this report concludes with a validation study, 
researching whether the board game has a positive impact on sound-driven brainstorms.

Thank you Elif and Stefano, for the opportunities and guidance. Not just for this graduation project, but also for the prior 
projects leading up to this. Your warm and clear feedback styles allowed me to explore and complete a solitary project 
of a size I have not done before. I would not have been able to navigate my pitfall without this. 

Thank you to the numerous sound professionals, who took time out of their busy schedules to let me interview them. 
Thank you for providing an open and honest look into your workflows and introducing me to a world I knew nothing 
about. Thank you to the game design agencies, for kickstarting the design of my board game. Thank you for lending me 
your playtest methodology, and playtest groups. 

Thank you to my parents and my dog Kobus, for providing a warm place to come home to. Thank you to my friends for 
tirelessly reading and reviewing my report drafts and participating in my playtests. Thank you to Steijn and Maarten for 
being there throughout my studies. A very special thank you to Ylva, and Merel, who went the extra mile in supporting 
me during the graduation process and helping me put my thoughts to paper.

Lastly, a thank you to the inhabitants of Thesistown, for the shared lunches and motivational talks. Especially, Kenneth, I 
hope my feedback on bikes was as useful as your feedback on sound.

Good luck with the Read.
Rob.
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In this chapter, I will explain the terms used in this report. First, I explain the concept of a Sonic Idea and its aspects based 
on the modes of listening. Then I will explain what the Means of Expression are. Finally, there is a clavis with other terms. 

01
GLOSSARY
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SONIC IDEA
In this thesis, the term Sonic idea refers to an idea that has been shared with 
others, often during group ideation, that relates to the product sound in some 
way. This sharing is done through a Means of Expression.  

A Sonic idea might focus on a specific aspect of listening. These aspects are 
based on the nine modes of listening (Tuuri, 2012), of which the four denotative 
modes are relevant to sound-driven design (Delle Monache, 2022). These 
aspects are explained in figure 1, with examples of sonic ideas for a school bell. 
Any sonic idea reflects through all four aspects, though this might be implicit. 
When discussing differences through the empathetic aspects of sonic ideas, the 
semantic aspects will also differ. The aspects are different perspectives on sound 
that need to be considered in designing sound.  
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Casual
The causal aspect is the source of the sound. 
It would be how the sound is made from a 
technical perspective. A sonic idea focusing 
on this aspect would express how the sound 
is made. 

“What if the sound is made by small 
speakers spread over the building.”

Empathetic
The empathetic aspect is what the sound 
sounds like. It is a sound-focused perspective. 
A sonic idea focusing on this aspect would 
express existing sounds that the design 
should be similar to. With the school bell 
example, it would be the speakers used to 
make the sound.

“The school bell should sound like a            
high-pitched clock bell.”

Functional
The functional aspect is for what purpose the 
sound is made. What is the function of the 
sound for the users. A sonic idea focusing on 
this aspect would express why or when the 
sound should be made. 

“The school bell should play when there 
is only 5 minutes of lunch left.”

Sematic
The semantic aspect focuses on what 
listening to the sound means to the listener. 
For a physically identical sound, the semantic 
aspect can still change depending on other 
context factors.  

“When the school bell starts the lunch, it 
will feel great, whereas when it ends the 

break, it will feel bad.”
Figure 1
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MEANS OF EXPRESSION
Means of Expression is the communication method through which a sonic idea 
is shared with other people. There are multiple Means of Expression, which are 
commonly used for sharing ideas. The Brainstorm method uses verbalization as 
the Means of Expression (Osborn, 1963), Brainwriting uses pen and paper as the 
Means of Expression (VanGundy, 1984).

There are always limits to the sonic idea output through a Means of Expression. 
When there is only one pen, the Means of Expression is limited to one person 
at a time. When that one person is writing, they are occupying the Means of 
Expression, preventing others from expressing their sonic ideas. When you 
increase the number of pens, the limit then becomes the writing speed of the 
group members. 

Similarly, with verbal Means of Expression, the limit is imposed by the talking 
speed of the group. In normal conversation, a verbal Means of Expression can be 
occupied by one person at a time, and occupying this Means of Expression takes 
effort (Sacks, 1978). However, this is not necessarily true for generative sessions, 
where people might be encouraged to talk over each other. For example, the 
brainstorm method does not prohibit talking over each other.

In this thesis, I focus on two Means of Expression, verbal descriptions of sound, 
and vocal scribbling. These are especially relevant for sound-driven design 
because they use sound in their expression, and are easily accessible (Ekman, 
2010).



15

CLAVIS

Vocal scribble
Using your voice to express a sound (Delle Monache, 2019).  

Problem space
The definitions that inform the problem for which a solution is designed, this in 
turn influences the solution space (Dorst, 2001). 
Solution space
The potential areas where solutions to the problem are explored, this in turn 
influences the problem space (Dorst, 2001). 
Generative session methodology
The set of rules and tools employed during group ideation. 

Generative session
The time-constrained moment where group ideation is done. 

Idea exposure
The synergistic effect that occurs during group ideation. Exposure to other ideas 
increases your idea output. 
Ideation
Term for all diverging activities focused on solutions during a design process.

Problem space
The definitions that inform the problem for which a solution is designed, in turn, 
influences the solution space (Dorst, 2001). 
Production blocking
Interference effect that occurs during group ideation. Production blocking is the 
inability to express an idea to the group. 
Psychoacoustics
How people sense and perceive sound. Human sound perception is context-
dependent (Ingold, 2000). 
Sematic gap
The difference between how we discuss sound, and how it is embodied (Delle 
Monache, 2018). 
Solution space
The potential areas where solutions to the problem are explored, in turn, 
influence the problem space (Dorst, 2001).  
Sound designer
Sound professional, trained in making sound effects. Often for film. 

Sound-driven design
Design method that emphasizes the listening experience of the product (Delle 
Monache, 2021). 
Vocal scribble
Using your voice to express a sound (Delle Monache, 2019).
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In this chapter, I introduce the field of product sound design and why product sounds are important for the product 
experience. Then I explain the concept of Sound-driven design, how it can improve product sounds, and what the 
challenges are for sound-driven design. Then I give an overview of the four stakeholder types participating in sound-
driven design, and their current design methodology. I conclude this chapter by focusing on ideation for sound-driven 
design.

02
SOUND-DRIVEN     DESIGN
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PRODUCT SOUNDS
Product sounds are the sounds made by a product. This includes both Intentional 
sounds (van Egmond, 2008), made with a purpose, but also consequential sounds 
(van Egmond, 2008), the results of the mechanical functioning of a product. The 
sounds of a product play a big part in how we interact with them (Rocchesso, 
2008).  

Why is it important
Product sounds play an important role in how we appraise them (Özcan, 2006). 
When done properly it can improve the functioning of the product (Hildebrandt, 
2016), or enhance its brand perception (Toppano, 2014). Similarly, when done 
poorly, or ignored, it leads to negative experiences. For example, the abundance 
of hospital alarms leads to a decrease in the performance of nurses (Kristensen, 
2016). 
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SOUND-DRIVEN DESIGN
One methodology for dealing with the complexities of designing product 
sounds is using sound-driven design (Delle Monache, 2021, June). Sound-driven 
design combines three things, Human-centred design, Collaborative design, and 
Sound design.

Applying human-centred design to the design of product sounds means that 
you design for the listening experience, instead of designing the sound itself 
(Susini, 2014). With this paradigm shift, there come different ways of thinking 
and discussing sounds. Sound is a physical phenomenon, that upon sensing 
instigates a response from the listener (Truax, 2001; Gibson, 1966). Such a 
response can be minimal of course, the constant whirring sound of a refrigerator 
instigates little action from the user. When designing sound through a listening 
approach, the seven modes of listening are a useful framework (Tuuri, 2012). For 
sound-driven design, four of these are especially important (Delle Monache, 
2022). These are the same as the aspects of a sonic idea as discussed in Chapter 
2. They are divided into two categories, the sound category is about the sensing 
qualities of the sound, whilst the Human category is about the situated responses 
to the sound.

Navigating this design for the listening experience requires a more complete 
integration of all involved stakeholders during the sound-driven design process 
(Delle Monache, 2021, June). This collaborative design process is required 
to create an empathetic and context-aware shared cognition (Arias, 2000). 
Listening is inherently context-dependent (Ingold, 2000). One of the benefits of 
collaborative design is how it involves users from this context (Sanders, 2014). 
Collaborative design is vital for sound-driven design.

The final hurdle for sound-driven design is the semantic gap (Delle Monache, 
2022). This semantic gap is the difference between describing sound and 
embodying sound (Delle Monache, 2018). This gap is not unique to the 
sound domain but shows up across design domains (Hu, 2013; Wang, 2020). 
In most domains, designers work by dividing the problem into smaller parts 
and iteratively working towards a solution (Roozenburg, 1991). In essence, they 
zoom in and out of a problem context whilst converging towards a solution. 
Because of the temporal-dependent and context-dependent nature of sound, 
this division strategy is not applicable (Delle Monache, 2018). When you work on 
part of a sound, and then introduce it into its full context, the listening experience 
changes (Ingold, 2000). Similarly, a sonic sketch is not as well equipped to model 
an embodied sound when compared to a visual sketch of a product’s aesthetics 
(Delle Monache, 2018). This is the semantic gap that makes designing for 
product sound difficult.

Sound designers are professionals at bridging this gap (Hug, 2020). There also 
exist tools that help bridge the gap, such as sonic lexicons (Carron, 2017) or 
accessible sound concept tools (Vardanyan, 2023).
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STAKEHOLDER FRAMEWORK
The core tenet of sound-driven design is to include all parties relevant to the sound 
throughout the design process (Delle Monache, 2021, June). For this project, 
these parties are separated into four stakeholder categories (Delle Monache, 
2021, June). These are Sound Designer, Acoustic Engineer, Design Researcher, 
and Expert User. During this project I have surveyed literature and conducted 
interviews with professionals from these fields, to gain an understanding of how 
these stakeholders relate to sound and design for sound and listening. This is a 
summary of these findings.

Conclusion

Overall, the working methodology of a sound designer bears many similarities 
to interaction design. The difference lay in the solitary nature of the sound 
embodiment, and the linear creative process employed. As far as skillsets go, 
sound designers are very good at shaping sounds to get desired experiences. 
Indeed, part of the challenges for sound-driven design is incorporating them 
earlier in the process (Delle Monache, 2021)

Sound desginer

The acoustic engineer is focused on eliminating or reducing sound. They do 
this in a systematic approach, using the source path receiver framework. The 
acoustic engineer is trained as a mechanical engineer. They are solution-oriented, 
focussing on solving the task at hand.

Acoustic engineer

The design research is experienced in doing design, and in guiding other 
stakeholders through this design process as well. They are well-equipped to 
integrate the various needs of stakeholders during a design, focussing extra 
on user needs. The tools design researchers use are visual. They are also 
inexperienced in the sound domain. This makes them currently ill-equipped to 
manage the complexity of sound-driven design.

Design researcher

Expert Users are well attuned to the context for which is to be designed. This is 
always relevant when designing, but especially important for sound. They have 
no standardized method of designing, and they need to be guided and involved 
in the design process.

Expert user
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Sound desginer

Sound designers make and embody the sound. In doing this, they want to ensure 
the experience of listening to the sound matches the vision of the experience 
(Zattra, 2021). Sound is a tool to achieve a certain goal, often a feeling during 
an interaction. 

Relation to sound and listening

Overall, the working methodology of a sound designer bears many similarities 
to interaction design. The difference lay in the solitary nature of the sound 
embodiment, and the linear creative process employed. As far as skillsets go, 
sound designers are very good at shaping sounds to get desired experiences. 
Indeed, part of the challenges for sound-driven design is incorporating them 
earlier in the process (Delle Monache, 2021).

Conclusion

The Sound Designer is an artisan. They are responsible for the experiential 
qualities of the sound. Often this is done for movies or television. To get a better 
understanding of how sound designers work I conducted three semi-structured 
interviews, see appendix F for the topic list. With an independent sound designer, 
specializing in film and television, a sound design studio, specializing in games 
and interactive exhibitions, and a sound mixer, specializing in film and educating 
sound professionals.

Sound designers employ a linear method of working (Hug, 2020; Zattra, 2018), 
this is especially true for projects smaller in scope. They work from a desired 
vision from their client. The terms used for this sonic varied per interview, some 
called it sonic colour instead of vision. The sonic vision has much in common 
with the interaction vision method (Pasman, 2011). The sound designers are not 
involved in what this sonic vision is, though they do start projects by exploring 
what the sonic vision of the client entails. Sound designers are brought on late 
into most projects and have little say in the sonic vision, or the sonic experience 
of the result.

The sound designer then translates the sonic vision into sound effects, they 
bridge the semantic gap between sonic vision and embodied sound. Sound 
designers employ a variety of sound editing tools, sample libraries, and purpose-
made recordings to generate sound effect concepts. This is a mostly solitary 
creative process, though in larger productions there is intermingling between 
other sound experts. Even in the sound design studio, sound concepts were 
generated solitary, though iteration on these concepts was done collaboratively. 
The process of translating a sonic vision into sound concepts is a learned skill 
of sound designers, that is trained by years of experience. It becomes second 
nature to them.

The sound designer then presents a selection of the sonic concepts to their 
client, who provides feedback. This feedback is then incorporated by the sound 
designer, and the finalized sound effects are handed off. 

Design methodology
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Acoustic engineer

The acoustic engineer thinks in terms of noise, instead of sound (Delle Monache, 
2022). Noise is treated as total vibrations of a system that are in the audible 
range (Cowan, 1993). The acoustic engineers I interviewed aim to keep the noise 
of a system within predefined ranges, either because of legislation or design 
demands. Psychoacoustics are not currently considered, but this is the focus of 
their new developments.

Relation to sound and listening

The acoustic engineer is focused on eliminating or reducing sound. They do 
this in a systematic approach, using the source path receiver framework. The 
acoustic engineer is trained as a mechanical engineer. They are solution-oriented, 
focussing on solving the task at hand.

Conclusion

The Acoustic Engineer is responsible for the technical execution of the designed 
sound. To get a better understanding of how acoustic engineers work during a 
design process, I interviewed (n=2) an acoustic engineer at a consultancy and 
an acoustic engineer at a shipbuilding company. These were semi-structured 
interviews, see appendix F for the topic list.

Sound and noise are treated as the dissipation of energy, that causes vibrations 
(Cowan, 1993). Acoustic engineers use a set methodology, the Source Path 
Receiver framework, to manage and control this dissipation (Cowan, 1993). 

Source: the origin of the energy in the system 
Path: the path the energy takes through the system as it dissipates 
Receiver: the place where the energy exits the system, and becomes audible 

This framework serves as a hierarchy for mitigating noise. The higher in the 
framework the mitigation the better the result. Removing the source of noise is 
more effective than damping the receiver (Cowan, 1993).

Acoustic engineers use a variety of tools and models to evaluate this. For example, 
the acoustic engineering consultancy I interviewed uses proprietary microphones 
and software, to analyse the source and paths that sounds take through physical 
products. They are often employed after a product has been launched, to try 
and locate noise issues. The acoustic engineers from the shipbuilder use digital 
models to simulate the noise behaviour of their ships, these models are then 
validated using audio sensors installed in their fleet. This allows them to predict 
the noise behaviour during the early stages of ship design.

Acoustic engineers are trained as mechanical engineers. This means they are 
more solution-oriented than the typical design researcher (Agogue, 2015; 
Vasconcelos, 2016). During ideation, they are typically more concerned with the 
technical feasibility of ideas. 

Design methodology employed
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Designer researcher

Design researchers are visual thinkers (Rowe, 1991; Eris, 2014). They are 
great at using visual media to communicate and structure complex contexts 
(Schon, 1992; Ware, 2010). This is also their pitfall in product sounds. Product 
sounds are often not considered during the design process, leading to noisy 
experiences (Langeveld, 2013). Sound is temporal, which translates poorly to 
visual representation (Gibson, 1966; Gaver, 1993). Design researchers currently 
do not know what they are doing when dealing with sound.

Relation to sound and listening

The design research is experienced in doing design, and in guiding other 
stakeholders through this design process as well. They are well-equipped to 
integrate the various needs of stakeholders during a design, focussing extra on 
user needs.

The tools that design researchers use are visual. They are also inexperienced 
in the sound domain. This makes them currently ill-equipped to manage the 
complexity of sound-driven design. 

Conclusion

The Design researcher is focused on all parts of the design process (Koskinen, 
2013). It is a multidisciplinary role, combining the fields of technology, business, 
and psychology. The design researcher’s main role is to incorporate the needs 
of the users into the design. When talking about the skillset and knowledge of 
design researchers, I am assuming those of one who graduated from the IDE 
faculty at TU Delft.

Design researchers use an iterative approach to tackle design problems 
(Roozenburg, 1991). There are many ways to divide this cyclical approach into 
steps. The returning principle in these ways can be summarized into four steps 
(Cross, 1992), Analysing the problem, Designing a solution, Testing the solution, 
and finally Evaluating. After which the process starts again, until a sufficient 
solution is designed. Each of these steps is first diverging, exploring the 
possibilities, which is then followed by a converging refinement. This diverging 
and converging of design activities is also captured in the double diamond 
model of design (Tschimmel, 2012).

Design methodology employed
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Expert users

It is the Expert user who experiences the sounds of their context. Both before 
and after the designed artifact is introduced. The Expert Users’ attitude towards 
listening is mostly on the functional aspects (Delle Monache, 2022). The Expert 
User is the expert of their context (Ostroff, 1997). Since listening is inherently 
context-dependent (Ingold, 2000), it is vital to include the expert user throughout 
the sound-driven design process. Experts Users could better imagine what the 
impact of certain ideas would be on their context. During these sessions, the 
focus of their ideas was also more on the functional and semantic aspects of 
sonic ideas. 

Relation to sound and listening

Expert Users are well attuned to the context for which is to be designed. This is 
always relevant when designing, but especially important for sound. They have 
no standardized method of designing, and they need to be guided and involved 
in the design process.

Conclusion

Expert users are those who will use or encounter the product/service that 
is being designed for. As such this is an extremely broad category, with the 
specifics dependent on the product/service. Some generalizations exist, which 
are based on literature from the participatory design and sound-driven design 
fields. During a sound-driven design process, the specifics of their Expert Users 
should be explored in detail. These will vary wildly between contexts.

Expert users are great at knowing their context (Ostrof, 1997), but are usually 
inexperienced in the field of design (Sanders, 2008). Because of this, they do not 
have a fixed methodology of designing (Sanders, 2008). During cocreation it is 
the job of the design researcher to assist and guide the users through the design 
process (Sanders, 2008).

Design methodology
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SOUND-DRIVEN DESIGN METHODOLOGY
There is a need for a collection of design tools and methods that are usable for 
sound-driven design (Delle Monache, 2021, June). Not all methods and tools are 
useful when designing product sounds (Özcan, 2006). The granular approach 
that is often used in engineering design (Cross, 2021) is ill-equipped to deal with 
the temporal nature of sound (Özcan, 2006). 

This does not mean that there needs to be a collection of completely new tools 
and methods. The basic design cycle of iteratively working towards a solution also 
applies to sound-driven design (Nykänen, 2014). Similarly, collaborative design 
approaches have been used successfully for sound-driven design (Özcan, 2018). 
Similarly, designer-focused tools for prototyping sounds are developed, from 
high-tech solutions (Vardanyan, 2023) to ubiquitous tools such as vocal cords 
(Falkenberg, 2020). This thesis focuses on the latter type of tools, investigating 
how these can be used for group ideation.
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In this chapter, I introduce the theoretical background behind group ideation. First, I will explain what group ideation 
is. Then I discuss what creativity is, and what the dual pathways model to creativity is. Then I discuss ideation research 
and the effects that occur during group ideation. Then I highlight the effect of Idea Exposure and Production Blocking, 
and outline how they happen during a session. These highlights are part of the intervention demands that wrap up this 
chapter.

03
IDEATION THEORY
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WHAT IS GROUP IDEATION
Within the double diamond model, group ideation is done during the Develop 
and Explore steps (van Boeijen, 2014). It is one of the tools for diverging during 
a design process. It is most associated with generating solutions to a problem 
definition. It is then one of the first activities when going from Defining to 
Developing. In practice, these definitions are not as clear cut, and ideation is 
used throughout a design process whenever divergent thinking is needed. For 
this report, I will use the context of using group ideation to generate potential 
solutions to a design problem, but most of the findings should translate to all 
applications of group ideation.

Group Ideation is done during a generative session. This is a time-constrained 
activity, focussed purely on using the creative thinking of a group to get divergent 
results (Roozenburg, 1998). This is done based on a written problem definition, 
called a problem statement. The ideation is done through a generative session 
method. The outcomes of a generative session are then used in the next steps of 
the design process. They are refined, combined, and tested; the design process 
converges. Since designing is an iterative process, group ideation, and generative 
sessions are a repeated activity.
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Generative session methods
A generative session method is the set of rules a group uses during the generative 
session to do the ideation (Roozenburg, 1998). These methods aim to provide 
structure during the session, and agreement on behaviour during the session. 
This in turn leads to more productive sessions. There exists a wide range of 
generative session methods, table 1 shows the three most relevant methods. 
Over time the Brainstorm method has remained the most used (Geschka, 1996; 
Williams, 2016), despite its known shortcomings (Diehl, 1987). This is in large 
part due to low-time investments in applying the Brainstorm method (Furnham, 
2000).

GENERATIVE SESSION 
METHOD Nominal groups Brainstorm Brainwriting

RULES Participants generate 
ideas in isolation, without 
crossover from others, for 
a limited amount of time. 
Usually using pen and paper. 

Nominal groups are the 
common benchmark to 
compare other methods. 

Participants sit in a common 
room and generate ideas 
verbally on a time limit. The 
facilitator is responsible 
for idea documentation. To 
encourage creativity there 
are four rules: 

• Focus on the quantity of 
ideas. 

• Suspend feedback 
during the generative 
session. 

• Build upon ideas. 
• Wild and crazy ideas are 

encouraged. 

Brainstorming gets 
outperformed by most other 
generative methods but 
is well-known and easy to 
execute. 

Participants sit at a shared 
table. They generate ideas 
solitarily on a piece of 
paper within a time limit. 
Preferably, ideas include a 
sketch. Once the time is up, 
the piece of paper is passed 
clockwise, and the timer 
starts again. This repeats 
until all papers have been 
passed around. 

This is a common method 
used in design processes. 
It circumvents most social 
and logistical issues that 
brainstorming has. 

TOOLS • Pen and paper
• Timer 

• Whiteboard 
• Timer 
• Facilitator 

• Pen and paper
• Timer 

UPSIDES • No group think 
• High idea count 

• High idea integration 
• Easy to execute 
• Collaborative iteration 

on ideas 

• Equal Participation 
• Collaborative iteration 

on ideas 
• High idea count 

DOWNSIDES • Time-Consuming 
• No collaborative itera-

tion 

• Low idea count 
• Group think 
• Social pressure 
• Production blocking 

• Limited Real-Time 
Discussion 

• Visual media only 

SOURCES Gallagher, 1993; McMillan, 
2014; Sosa, 2020

Osborn, 1963; Rietzschel, 
2006; Diehl, 1987

VanGundy, 1984; Litcanu, 
2015

Table 1
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Problem statements
The start of a generative session is usually reading the problem statement (van 
Boeijen, 2014), and the cumulation of the analysis phase (Roozenburg, 1998). In 
a sound-driven design process, all stakeholders would be involved in shaping 
the problem statement (Delle Monache, 2021), though that is not possible in 
my project.

A problem statement directly influences the outcomes of an ideation session 
(Maher, 1996). Whilst this influence is not exactly surprising, the ways a problem 
statement influences the outcome are varied. During ideation, a problem is 
transformed into a solution space, which is then explored by generating ideas 
within this solution space (Dorst, 2001). In a full design process, this transformation 
is a recurring event that slowly refines both the problem definition and the 
solutions (Dorst, 2001). However, in a single ideation session, there is little time 
for this effect to kick in. 

A participant’s initial perspective on a problem statement directly influences 
the solutions space they generate in their mind (Payne, 1992). This perspective 
is also fixed for people inexperienced in design (Björklund, 2013). This means 
that once a participant has generated their solution space, they cannot change 
it in the span of a single ideation session. If this generated solution space is 
small or misses the mark, the ideas explored will also be narrow (Daly, 2016). 
Preconceived cultural notions of participants greatly influence their perspective 
on the problem statement (Kirton, 1986).

Amongst the factors that influence this shaping of a solution space are the 
structure and the specificity of a problem statement (Silk, 2021). If you view the 
problem statement as an information funnel (see figure 2), then the structure is 
the width and order of the funnel. A highly structured problem statement has a 
defined funnel of information, with little fluff. Keeping with the same analogy, the 
specificity refers to how deep and small the funnel goes. Depending on what the 
desired outcome of an ideation session is, different variations in structure and 
specificity are optimal (Kirton, 1986). When searching for far-out ideas it is better 
to have less structure (Kirton, 1986), whereas if you are searching for ideas that 
fit the existing context it is better to provide a structured and focused problem 
statement. Something similar applies to the specificity, though this is more of a 
balancing act (Kirton, 1986). If you make a problem statement too specific, the 
participants will generate a small solution space. If you make the statement too 
global the generated solution space will become too vague for participants to 
meaningfully explore (Kirton, 1986).

Because of the short nature of the 
generative sessions, I conducted for 
this project; the problem statement has 
a large impact on the process of idea 
generation. I have one opportunity (per 
session) to get a serviceable solution 
space out of the participants. To best 
mitigate this, I use problem statements 
tailored to the world experience of 
participants. 

STRUCTURE

SPECIFICITY

Figure  2



31

CREATIVITY
Creativity is a universal trait of humans (Koestler, 1964), not limited to certain 
disciplines or special individuals (Sawyer, 2011). Creativity is closely linked to 
problem-solving (Sawyer, 2011), and is therefore used during ideation. Creativity 
is not limited to the artistic or genius but is a skill all humans possess. Here, 
I discuss the basics of creativity and different types of creativity. I explain the 
dual pathway model of creativity. Finally, I discuss the emergence of collective 
creativity in groups.
Differences between creative skills are not the result of innate differences. Creative 
individuals simply practice and hone their skills more (Sternberg and Lubart, 
1995). Their capacity for mental imagery is better developed (Boden, 2004), and 
they are more practiced in using this to generate various representations of ideas 
(Boden, 2004). Furthermore, they are used to ambiguity (Zenasni, 2008) and 
are less pressured to conform (Sternberg and Lubart, 1995). Luckily these skills 
and mindset can be trained (Sawyer, 2011). Focussing on open-mindedness and 
encouraging exploration and divert enhances creativity (Sawyer, 2011). Group 
ideation techniques need to help individuals with this mindset. 

Creativity types
Different definitions of various types of creativity exist, I use a definition that 
recognizes three types of creativity (Boden, 2004), see figure 3,4,5. This definition 
is based on using creativity for the creation of new ideas, making it well-suited for 
framing ideation. Koestler(1964) differentiates between two types of creativity, 
Generative and Combinatorial. Boden(2004) recognises a third, transformative 
creativity. People have different preferences for what type of creativity they 
use (Kirton, 1986). Creative thinking methods use these three frameworks to 
help structure idea generation. For example, the SCAMPER method (Eberle, 
1972) forces you to use combinatorial and transformative creativity on a design 
problem, whereas the Crazy Eight method (Jones, 2021) focuses on generative 
creativity.
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rearranging existing ideas or elements in new 
and interesting ways. It’s like taking pieces from 
different puzzles and putting them together to 
create something unique. This type of creativity 
is all about finding connections between things 
that might not seem related at first. 

Combine

involves reshaping and fundamentally changing 
existing ideas or elements in innovative and 
profound ways. It’s like taking a familiar object 
and completely reinventing its purpose or form. 
This type of creativity is about changing existing 
ideas into new uses or better versions. 

Transform

involves generating entirely new ideas or 
elements from scratch. It’s like starting 
with a blank canvas and painting a unique 
masterpiece. This type of creativity is focused on 
creating something novel, often by imagining 
possibilities that have never been explored 
before. 

Generate

Figure 3

Figure 4

Figure 5
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Cognitive model of creativity
Creative cognition is not linear and behaves in unexpected ways (Schön, 1963). 
Creativity occurs during a complex interplay of internal and external factors (De 
Dreu, 2011), making it difficult to observe. Creative cognition is a contentious 
research field. There are different models for how creative cognition works. Most 
of these models focus on spontaneous or unstructured creativity. These models 
treat creative insight as an AHA erlebnis (Koestler, 1964; Sawyer, 2011), making 
them incapable of modelling structured generative sessions. I use the dual 
pathways to creativity model (De Dreu, 2008). This model can explain creative 
cognition as it occurs during ideation activities (Nijstad, 2010).

The dual pathways to creative model states that creative output is dependent on 
two cognitive processes (De Dreu, 2008). These are Persistence and Flexibility. 

Persistence is forcing your cognition to explore ideas. By continuously producing 
ideas, you increase the quantity of the output, and therefore also increase the 
creative exploration. This can also be seen as putting in hard work, to be creative. 
Flexibility, on the other hand, is allowing loose associations to form in your 
cognition. By doing this you create more unique connections in your cognitions, 
making it easier to create ideas.

These two cognitive processes are somewhat linked (Nijstad, 2010). When putting 
effort into persistence, your flexibility lowers and vice-versa. But this relationship 
is not continuous, and overall, your creative output does increase when activating 
a process. Most importantly, it is possible to activate and practice both cognitive 
processes (Nijstad, 2010), thereby increasing your creative output.

Most generative methods activate both the persistence and the flexibility process. 
By putting a time constraint on a generative activity, you force the participants 
to generate ideas. This engages the persistence process. The flexibility process 
is usually engaged via the sharing of ideas during the session. This introduces 
new associations into your cognitive process. It is possible to prime both the 
persistence and flexibility process before idea generation (Nijstad, 2010).
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Collective creativity
Collective creativity is the collaboration of individuals on a creative task (Sawyer 
and DeZutter, 2009). During this collaboration, creativity emerges from the 
interplay of individual cognition and social interactions (Sawyer and DeZutter, 
2009). Whilst all these individuals already provide valuable input through their 
expertise and knowledge (Sanders, 2005), the potential outcomes of collective 
creativity are greater than the sum of their parts (Spencer, 2008).

Collaboration between individuals with diverse backgrounds skills and 
perspectives can lead to the generation of more novel and innovative ideas 
(Spencer, 2008). innovative solutions and ideas emerge through the exchange 
and synthesis of individual contributions (Sawyer 2010). The diversity in views 
enhances the creative process, creating a form of shared cognition (Paulus, 
2007). The social interactions, both verbal and nonverbal, in these groups are 
important in fostering these novel ideas (Sawyer, 2010). 

It is not the case that groups automatically always outperform their individual 
potentials. Effects such as groupthink, conflicts, and coordination difficulties can 
undermine collective creativity (Spencer, 2008). Group composition also affects 
collective creativity (DeDreu, 2011). High group cohesion improves information 
sharing but can lead to increased conformity (DeDreu, 2011). This then leads to 
design fixation. You need to put effort and attention into creating collaborative 
environments that foster information sharing and idea sharing amongst the 
group (Sanders, 2005).

Collective creativity means groups can perform better than the sum of their 
parts, but only if this collaboration is managed effectively. Generative session 
methods do this by providing groups with a structure during ideation. 
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IDEATION RESEARCH
There are two categories for measuring the effectiveness of generative sessions, 
Outcome-based and process-based (Nelson, 2009; Cash, 2015). Outcome-based 
ideation research only looks at the ideas produced during a generative session 
(Nelson, 2009. Process-based ideation research tries to make sense of processes 
occurring during the generative session (Santanen, 2004; Nelson, 2009). Since 
interfering with the session ultimately also influences the session (Nelson, 
2009), process-based research is more difficult to execute. But because it can 
expose more complex effects It can be valuable to execute (Santanen, 2004). It 
is possible to use a mix of both categories (Chan, 2017). When comparing two 
or more generative session methodologies, it is more common to use outcome-
based metrics (Shah, 2003). 

Outcome-based metrics
Outcome-based metrics only look at the results produced after an ideation 
session. Four common outcome metrics are measured in ideation research 
(Shah, 2003). All four view the generated ideas from a session and derive the 
metric from that. Of these four Idea Quantity and Idea Variety are the most used, 
and in short generative sessions are also indicative of quality (Reinig, 2008).
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 Novelty
The novelty metric in ideation research quantifies how unique or originally 
generated ideas are compared to existing solutions or other ideas. It assesses 
how innovative a session was by measuring the distinctiveness and whether they 
introduce new or novel ideas. Novelty is measured by having other participants 
rank the generated ideas from a session on their novelty.

Variety
The variety metric in ideation research quantifies the diversity of ideas generated 
during the ideation process. It assesses how distinct and dissimilar ideas are 
from one another in terms of their concepts, approaches, or solutions. This 
metric emphasizes the importance of exploring a wide range of possibilities and 
avoiding redundancy in idea generation. By quantifying variety, researchers and 
practitioners can evaluate the richness and breadth of idea-generation sessions, 
helping identify ideation processes that promote a broad spectrum of creative 
concepts. Variety is measured by comparing how different generated ideas are 
from each other, either through ranking or by using a semantic distance rating 
based on ontology coding.

Figure 6

Figure 7
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Quality
The quality metric in ideation research assesses the excellence and effectiveness 
of generated ideas. It focuses on evaluating the depth, feasibility, and potential 
impact of ideas. This metric helps differentiate between ideas that are merely 
novel and those that possess substantial value in addressing a problem or 
challenge. Quality is quantified by ranking the generated ideas.

Quantity
The quantity metric in ideation research quantifies the sheer number of ideas 
generated during an ideation session. It provides a basic measure of ideation 
output, focusing on idea volume. This metric is a straightforward way to assess 
how prolific an ideation process is in terms of idea generation. It is valuable for 
comparing the productivity of different ideation sessions or methods. Sometimes 
duplicate ideas are not counted in this metric.

Figure 8

Figure  9



38

The beneficial and detrimental aspects of group ideation can be clustered into 
respectively Synergistic and Interference effects (Derosa, 2007). There is a wide 
variety of effects that occur during group ideation, what is listed here is an 
incomplete summary. Most of the effects play into each other as well, improving 
one effect. For example, group homogeneity improves information sharing, 
but reduces the conflicting views during a session. Managing these effects, by 
improving the impact of synergistic effects, while mitigating the downsides of 
interference effect, is the goal of generative session methodology. 

Ideation effects

PERCEIVED EXPERTISE

Interference

Group interaction

Perceived expertise of participants 
by others causes them to follow 
along with their ideas. Thereby not 
exploring other options and instead 
staying on the part of the perceived 
expert. The perceived expert does 
not have to be more experienced; 
it is simply attributed by the others. 
Either because they are more 
outgoing in idea generation or 
have experience in the field of the 
problem statement. This is doubly 
interferent as a perceived expert 
might have pre-existing biases that 
limit their generated solution space.
Collaros, 1969

SOCIAL ANXIOUSNESS

Interference

Group interaction

Social anxiety caused by group 
dynamics limits the number of ideas 
expressed. Essentially cognitive 
power is used to monitor the social 
goings between the participants and 
others, outside of generating ideas. 
This is also closely related to other 
group interaction effects.
Camacho, 1995

EVALUTATION APPREHENSIONS

Interference

Group interaction

The fear of expected judgment by 
the other participants limits the 
ideas expressed by the participants. 
Essentially ideas are rejected based 
on internal criticism from the 
participant that they also expect 
from the others. Generative session 
methods often try to forbid criticism, 
but here the criticisms are internal, 
thereby impossible to forbid.
Diehl, 1987

SOCIAL LOAFING

Interference

Group interaction

A participant not generating ideas, 
or fewer ideas, because others are 
generating large quantities. The 
participant thereby does not feel 
the need to contribute to the group 
effort.
Karau, 1993

IDEA EXPOSURE

Synergistic

Exposure

Exposure to other ideas stimulates 
the making of new connections 
per participants. This increases the 
number of ideas generated during 
a session. It is also possible to over-
expose the participants during a 
session (see overexposure).
DeRosa, 2007

TIME PRESSURE

Synergistic

Logistic

Time pressure increases the quantity 
of ideas generated by participants.
Liikkanen, 2009
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OVER EXPOSURE

Interference

Exposure

Over exposure of ideas can lead to a 
reduction in newly generated ideas. 
Either because too much time and 
cognitive effort is used on taking 
these ideas in, or because idea’s 
are too far out for the participant, 
leading to a disconnect from their 
solution space. Idea Exposure in 
moderate amounts is a strong 
synergistic effect.
Chan, 2017

PRODUCTION BLOCKING

Interference

Expression

When a participant is unable to 
express an idea, it is considered 
blocked. This often happens 
during verbal techniques, where 
participants must wait or claim 
their turn to talk. It also happens 
because a participant is unable to 
transfer their idea to the means of 
expression used, such as an inability 
to draw conceptual ideas.
Diehl, 1991

HOMOGENUAL KNOWLEDGE
FOCUS
Interference

Group interaction

When participants focus on 
information and knowledge that 
they all have in common, instead 
of the differences. Thereby the 
participants limit the solution space 
they explore and neglect the value 
of the diverse information present in 
a group. 
Paulus, 2000

CONFLICTING VIEWS

Synergistic

Group interaction

Conflicting views between 
participants can lead to new insights. 
But it can also cause the owners of 
the views to generate more ideas 
that support their existing views. 
Both effects stimulate the outcome 
of the session.
Paulus, 2000

NOVEL ASSOCIATIONS

Synergistic

Exposure

New links and combinations of ideas 
and knowledge foster the creation 
of more ideas.
Paulus, 2000

PRIMING

Synergistic

Exposure

Prior exposure to a stimulus, 
i.e. a word or image, influences 
the response of participants to 
consequent stimuli. This increases 
the speed of idea generation.
Paulus, 2000

IDEA INTEGRATION

Synergistic

Post session

Idea integration is the usage of 
ideas or session outcomes in the 
organization after the session. 
The integration of session results 
is higher when they are produced 
using group ideation techniques.
Okhuysen, 2002

KNOWLEDGE EXCHANGE

Synergistic

Group interaction

Knowledge in a group is greater 
than in an individual, because of the 
interplay during group interaction 
the sum of this is greater than when 
kept individually.
Brown, 1998
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IDEA EXPOSURE AND PRODUCTION BLOCKING
From these synergistic effects on ideation, the most promising to focus on is 
Idea Exposure. Idea Exposure is at the root of most of the synergistic effects. For 
instance, increasing the Exposure to new ideas also increases the number of novel 
associations the group can make. For this project, I will focus on improving the 
Idea Exposure during generative sessions. Production Blocking, an interference 
effect, is in many ways the inverse of Idea Exposure, see also figure 11. When 
Production Blocking is high, the number of expressed ideas decreases. This leads 
to a reduction in the Idea Exposure. This was based on my ability to directly 
observe these effects during small pilot sessions (4) (see appendix B), and the 
impact I expect these effects to have on sound-driven design. The exposure to 
ideas and the blocking of idea expressions are particularly relevant to sound-
driven design. In most generative session methods these effects are controlled 
through non-verbal means, but this is not desirable for sound-driven design. As 
sound-driven design relies on designing for listening, the focus should be on 
auditory expressed ideas. 

I mapped the different forms in which Idea Exposure and Production blocking 
occur, see table 4,5. These occurrences are divided into three categories each. 
For Idea Exposure, the categories are, Non-Exposure, Desired Exposure, and Over 
Exposure. Over-exposure is the potential interference effect when Idea Exposure 
is too high (Chan, 2017). This is taken as out of scope for this project, first, the 
Idea Exposure needs to be increased before worrying about eventual overshoot. 

For Production Blocking the categories are Individual Skill, Group Conduct, and 
Social Dynamics. All three categories are important when trying to increase the 
Idea Exposure. However, the effect of Social Dynamics on collaborative ideation 
is very complex (Diehl, 1987), and not solvable in one single master project. The 
impact of social interaction will be considered but will not be a focus point.
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FOCUSING ON GENERATIVE SESSION PREPARATION
Improving Idea Exposure and Production Blocking can be done either by 
focusing on developing a new generative session methodology, or by preparing 
participants for an existing generative session methodology.

Improving the preparation of participants for a generative session has more 
potential for impact on ideation than focusing on developing a new generative 
methodology. One of the benefits of existing generative session methodologies 
is that they are easily accessible and applicable by organizations of all sizes (Bjork, 
2010; Basadur, 1982). The only tools required are pen and paper. Introducing 
new generative session methodologies is a slow process, as evidenced by the 
prevalence of the brainstorm method (Williams, 2016). Furthermore, doing 
sound-related activities often involves specialized technology (see Chapter 
3), which is not accessible to all organizations. The potential of using an 
intervention as preparation is higher. While improving preparation for existing 
generative sessions, organizations can continue using their preferred generative 
methodology. Implementing a preparatory activity can also be cheaper and 
easier to implement and allow for multiple generative methods to be used 
during the design process.

Figure 10
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Intervention Demands
To improve Idea Exposure, and reduce Production Blocking, the interventions 
must practice participants in their sonic idea expression and exposure. The focus 
should still be on the generative session itself, not on a specific preparation for 
a single design activity. Ease and cost of implementation is one of the more 
important considerations whether a generative session method is used (Williams, 
2016). This should also apply to the preparation for a generative session.

The stakeholder categories have enough work without introducing an extensive 
preparation workload. The interventions should therefore not take up much of 
the stakeholder’s time and require little effort to complete. 

In tables 2 and 3 the intervention demands and wishes are outlined. Improving 
idea exposure and reducing production blocking is done my mitigating the 
occurrence as described in tables 4 and 5. These serve as the requirements for 
the intervention.

LIST OF DEMANDS

The intervention must improve idea exposure

The intervention must reduce production blocking

The intervention must tractice participants in expressing Sonic Ideas
The intervention must practice participants in sensing Sonic Ideas
The intervention must prepare participants to iterate during a session

LIST OF WISHES

The intervention should be relatively cheap

The intervention should be quick to complete
The intervention should be intrinsically fun to complete

Table 2

Table 3
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Idea exposure

Non exposure
I.E.1.1 • Blue is Production Blocked

• Blue does not express 
• Orange is not Exposed 

See also P.B.1, but from a 
different perspective 

I.E.1.2 • Blue and Green express simultaneously 
• Orange does not follow (sensing issue) 
• Orange missed Exposure 

See also P.B.2 

I.E.1.3 • Blue expresses sonic idea
• Orange senses the expression of the sonic idea 
• Orange does not comprehend the sonic idea 
• Orange missed Exposure 

Desired Exposure
I.E.2 • Green expresses sonic idea

• Orange senses the expression of the sonic idea 
• Orange comprehends the expression of the sonic idea 
• Orange is Exposed 

Desired outcome. Note that 
Orange does not necessarily use 
the expressed idea for there to 
be Exposure. 

Over Exposure
I.E.3 • Blue & Green express sonic ideas 

• Orange is Exposed 
• Orange is overwhelmed by the Sonic Ideas 
• Orange is Production Blocked 

Over Exposure can cause 
numerous forms of Production 
Blocking to occur. 

Table 4
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Group conduct
P.B.2.1 • Orange has a Sonic Idea 

• Indy wants to share the Sonic Idea 
• Green occupies the Means of Expression 
• Orange is unable to Express the Sonic Idea to the group 
• Orange is Production Blocked 

Sharing the idea fails, because 
Orange cannot get the attention 
of the group. Orange now 
has to focus on finding an 
opportunity to occupy the 
Means of Expression, or give up 
on sharing.

P.B.2.2 • Orange has a Sonic Idea 
• Orange wants to share the Sonic Idea 
• Orange occupies the Means of Expression
• Green interrupts Orange
• Orange is Production Blocked 

Sharing the idea fails, because 
Orange cannot finish the 
expression. Orange now has to 
focus on finding an opportunity 
to occupy the Means of 
Expression, or give up on 
sharing.

Group dynamics
P.B.3.1 • Orange has a Sonic Idea 

• Orange experiences thought/emotion relating to Blue 
• Orange does not want to Express the Sonic Idea 
• Orange is Production Blocked 

Sharing fails because of fear 
of judgment from other group 
members. 

P.B.3.2 • Orange has a Sonic Idea 
• Orange experiences thought/emotion relating to the Sonic 

Idea 
• Orange discards the Sonic Idea and does not want to Express 

the Sonic Idea 
• Orange is Production Blocked 

Sharing fails because Orange 
judged the quality of the Sonic 
idea prior to expression. 

P.B.3.3 • Orange has a Sonic Idea 
• Orange experiences thought/emotion relating to the Self 

image 
• Orange discards the Sonic Idea and does not want to Express 

the Sonic Idea 
• Orange is Production Blocked

Sharing fails because Orange 
judged the contents of the sonic 
Idea based on the fit to his own 
self-image.

Table 5

Production blocking

Individual skill
P.B.1.1 • Orange has a Sonic Idea 

• Orange wants to share the Sonic Idea 
• Orange is unable to Express the Sonic Idea to the group.
• Orange is Production Blocked. 

Sharing the idea fails, because 
Orange cannot transfer the 
Sonic Idea from his cognition to 
the Means of Expression.

P.B.1.2 • Orange has a Sonic Idea 
• Orange wants to share the Sonic Idea 
• Orange Expresses the Sonic Idea to the group. 
• Orange is not Production Blocked. 

Desired Outcome .
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In this chapter, I discuss the design of a preparatory card game, that improves Idea Exposure and reduces Production 
Blocking during generative sessions. First, I discuss how I went about designing a board game, based on expert input. 
Then, I present the collaborative card game Soundstrom.

04
THE INTERVENTION



48

Board games are an effective way of teaching, both behaviour (Nieh, 2018), 
knowledge (Taspinar, 2016), and skills (Poole, 2019). As a bonus, playing board 
games is an effective way to achieve a feeling of social cohesion amongst the 
players (Uz Bilgin, 2020), more so than with other education methods. This 
allows the game to also function as a social icebreaker.

MAKING A COLLABORATIVE CARD GAME

Why a board game?

Here, I explain why I designed a collaborative card game, and how I did this. It first 
outlines the learning and team-building benefits of board games. Then I explain 
the design process I used, based on feedback sessions with two boardgame 
companies.

For designing the board game, I started by getting expert opinions. I conducted 
interviews and feedback sessions at a serious game design agency and a board 
game design startup. Their advice informed me how I set about designing the 
board game. Their most important advice was to start with a simple play concept, 
and iteratively improve this by conducting lots of playtests. This is similar to the 
MVP design methodology (Moogk, 2012).

The simple play concept is using Randomness as the game input (Elias, 2012) for 
generating idea prompts, which players must complete while under some form 
of time pressure (liikkanen, 2009). Completing prompts results in points shared 
by all players. The goal of the game is to set the highest score. Personal impact 
on a high score-driven game is perceivable and controllable (Lee, 2016), making 
it a good motivator for simple games. 

Initially, I used a set of dice for this, but I changed this to two card sets as it 
allowed for more options. According to the board game startup, this is also 
cheaper to produce in small quantities. There was a subject card type, and an 
idea prompt card type. The idea prompts were based on the modes of listening 
(Delle Monache, 2022) and product sound categories (Özcan Vieira, 2008). 

I then explored this play concept. This was done by making changes, and then 
doing playtest(s) to evaluate the change(s). Over the course of doing this, I 
kept simplifying the game. Simplifying the taskwork of a team member helps 
improve the teamwork of the entire group (Salas, 2015). In the context of a 
collaborative board game, simplifying the taskwork means simplifying the turn 
of a player. Reducing the decisions that a player makes also puts more of their 
attention on the fulfillment of the prompt (Samson, 2015), therefore engaging 

How do you design this?

A collaborative board game is not better at preparing players for collaborative 
activities than a traditional competitive board game (Eriksson, 2021). The 
benefits instead lie in higher player engagement during collaborative gameplay 
(Beznosyk, 2011; Baek, 2020). There is a type of player that is averse to direct 
competition in board games (Woods, 2012; Nakce, 2014), using a collaborative 
board game serves to get these players on board of playing the intervention 
(Lin, 2022). This does mean I would lose competition-driven players (Nakce, 
2014), as was also noted by the experts. Competition was added by introducing 
a high score system, promoting a competitive drive between groups.

Why a collaborative board game?



49

Throughout the iteration of the board game, I conducted lots of playtests. This 
was based on the advice given to me by the experts. These playtests were done 
very quick and dirty. Using scribbled slips of paper as cards, and whoever was 
available as players. Often these test players played multiple iterations in quick 
succession. I did use a consistent methodology during the playtests, based on 
that used by the serious game agency. For each playtest I had one focus aspect 
that I tested, and I consistently iterated over the idea prompts.

Doing playtest

1. Produce a quick prototype.
2. Write down the focus aspect of the playtest. (i.e. Duration of game)
3. Participants play a game(s).
4. During the game, focus observations on the focus aspect.
5. After the game, allow for open feedback from the participants. Be open and 

accepting feedback on all aspects of the prototype. 
6. Ask questions specifically on the focus aspect.
7. Have players rate their two favorite cards and their least favorite.

Method

the player’s mental persistence and flexibility more (Nijstad, 2010). Removing 
explicit individual goals and contributions in turn helps to reduce inter-player 
tension during the game (Johnson 1989).
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Soundstorm is a short collaborative card game, played by 2-5 people. During 
the game players express sonic ideas for a given product, based on cards they 
draw. This practices their expression skills for sonic ideas (Delle Monache, 
2019). Furthermore, it engages the player’s persistence and flexibility in creative 
thinking (Nijstad, 2010), which should improve the player’s creative cognition in 
the short term (Finke, 1996). For all the cards and the game rules see appendix E.

SOUNDSTORM

• A game of Soundstorm lasts 3 minutes. 
• First the Product cards are shuffled, and the top card is revealed. This product 

is the subject of this game of soundstorm. 
• Then the Soundcards are shuffled, and the timer is flipped. 
• Players take turns revealing the top soundcards and performing their tasks 

for three minutes. 
• After three minutes all completed cards are counted, this is the final score. 
• The final score is then added to the scorebook, complementary to the game. 

The game rules
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Soundstorm has Product cards, that are flipped at the start of the game. And 
Soundcards, which are used during the game. There are 5 types of Soundcards. 
The make and describe types are based on the Causal and Empathetic aspects of 
sonic ideas (Delle Monache, 2022). The find cards are based on the Functional and 
Semantic aspects (Delle Monache, 2022). The replay and repeat cards are there 
to encourage interaction between the players during a game of Soundstorm.

THE CARDS

Not all soundcard types are equally important to encounter during a game 
of Soundstorm. The most important aspect is that new players encounter the 
Make, Describe, and Find card types during their first play session. These three 
have the most impact during play. The Make and Find cards have the biggest 
impact on the learning goals and play enjoyment of players, so they should be 
encountered more.

Sound card distribution

During playtesting, new playgroups seemed to consistently get a score between 
12 and 14 points. This means that a new player will usually see 12 soundcards 
during their first play, for a margin of error I rounded this down to 10 cards 
during their first play.

During the first play session, new players must see the Describe and Find card at 
least once. Since the Make card type is important for game enjoyment, a player 
should encounter this card during one of their turns.

To calculate the odds of drawing a soundcard type during a game, I used a 
hypergeometric distribution probability calculator, accessed through Cardgame 
calculator(n.d.). I ensured the odds of not encountering a Make, Describe or Find 
sound card was lower than 5%. The odds of encountering a Make card on one of 
your turns is slightly above 70%.

DESCRIBE

MAKE

FIND

REPEAT

REPLAY
0% 100%

Intervention: Cards distribution

Group encounter chance

0% 100%

DESCRIBE

MAKE

FIND

REPEAT

REPLAY

Player encounter chance

Figure 12

20 cards 13 cards 17 cards 4 cards 7 cards
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Product cards are the subject of a single game of Soundstorm. During a game 
players create sounds that the product on the product card will make. For all the 
product cards, see appendix E.

Product cards - 20 cards

What

The act of combining a sound description, with a product that does not normally 
make that sound is what makes Soundstorm work as a preparation game. Forcing 
the player to always answer their turn primes their persistence (Nijstad, 2010). 
Matching the product card to a Sound card primes their flexibility (Nijstad, 2010). 

Why

I tested a variety of products and services during the design. The product 
needed to be relatable to players. To achieve this, I settled on relatively common 
household items. Product cards played better if they had only product sounds, 
with a physical source. as opposed to also having synthesized sounds (Özcan 
Vieira, 2008).

The play difficulty was varied over the cards. This was done by including 
products that have varying levels of intentional sounds and consequential 
sounds (Van Egmond, 2008). A clock is known for its intentional sounds but 
also has consequential sounds. A bookcase on the other hand is not known for 
its sounds, though it can already produce consequential sounds. It is therefore 
more difficult. This is also usually reflected in the final scores; a difficult product 
card leads to a lower final score.

How
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T O I L E T

TOILET
C L O C K

CLOCK

S O F A

SOFA
I R O N

IRON
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Sound-focused cards help players think creatively about the sound-focused 
domain. They also allow players to practice their verbal expressions and vocal 
scribbles of Sonic Ideas. For all the sound cards see appendix E.

Sound cards - 60 cards
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To complete a Make card, the player must make a sound that based on the word 
on the card, that is made by the product. They have then made a vocal scribble.

Make cards - 17 cards

What

Make cards serve two purposes. Most importantly Make cards have the players 
engage and practice vocal scribbling. Vocal scribbling is a useful tool in sound-
driven design (Monache & Rochesso, 2019). Doing vocal scribbling before the 
session shows that it is a possibility for sonic idea expression. It also removes 
some of the awkwardness of doing vocal scribbling (Monache & Rochesso, 
2019).

Secondly, the make cards show the relationship between sound interaction 
descriptions, and how these descriptions can then be sonically embodied (Özcan 
& Egmond, 2012, Rochesso, 2019). The intent of showing this relationship is to 
build some minimal expertise and trust in using verbal descriptions to express 
sonic ideas.

Why

The make cards are at the heart of Soundstorm. They teach some of the 
more important aspects of sound-driven ideation. Over the course of refining 
Soundstorm through the playtests, make cards are also consistently the most 
fun card type. Make cards are also important as an icebreaker. The forced vocal 
scribbling pulls players over the initial awkwardness and lifts spirits. For this 
reason, the make cards are the most represented category in Soundstorm. 

The words on the make cards were selected through iteratively refining them in 
playtests. As a starting point, there needs to be some difficulty in matching the 
word to a product card, to effectively stimulate the player in thinking creatively 
(Nijstad, 2010). This difficulty varies over the different words, with some being 
easier (e.g. a happy sound) and some being more difficult (e.g. A Blue Sound). 
After an initial selection made by me, I then used cards during playtests. After a 
playtest, players would rate which cards they liked, and which were too difficult. 

How
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MAKE A SOUND
B L U E

MAKE A SOUND
BLUE

MAKE A SOUND
A N G R Y

MAKE A SOUND
ANGRY

MAKE A SOUND
E N E R G E T I C

MAKE A SOUND
ENERGETIC

MAKE A SOUND
D R E A M Y

MAKE A SOUND
DREAMY
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DESCRIBE A SOUND
F L I R T Y

DESCRIBE A SOUND
FLIRTY

DESCRIBE A SOUND
F L A S H Y

DESCRIBE A SOUND
FLASHY

DESCRIBE A SOUND
P U R P L E

DESCRIBE A SOUND
PURPLE

DESCRIBE A SOUND
G E N T L E

DESCRIBE A SOUND
GENTLE
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To complete a Describe card, the player must use words to describe a sound 
based on the word on the card, that is made by the product. This practices verbal 
expressions for sonic ideas.

Describe cards - 13 cards

What

Players practice verbal expressions for sonic ideas, more specifically the Causal 
and Empathetic aspects (Delle Monache, 2022). Based on small observations 
(see appendix B), players already use verbal expressions for sonic ideas. Describe 
cards are an opportunity to refine this skill, which is done by providing more 
difficult words on the cards. Removing Describe cards is not an option, as it 
should still be shown as a possibility for expressing sonic ideas.

Why

Describe cards teach a means of expression that is already known. From the 
observations, I learned people already know how to use verbal expressions for 
sonic ideas. The Describe cards are therefore not as important as the Make cards. 
They do need to be included because those verbal expressions remain an option 
for sonic ideas. During playtests Describe cards were highlighted less as being 
a player’s favourite card compared to the other categories. Their distribution is 
therefore smaller than make cards.

The words on the make cards were selected through iteratively refining them in 
playtests. As a starting point, there needs to be some difficulty in matching the 
word to a product card, to effectively stimulate the player in thinking creatively 
(Nijstad, 2010). This difficulty varies over the different words, with some being 
easier (e.g. a Brainy sound) and some being more difficult (e.g. a Clumsy Sound). 
After an initial selection made by me, I then used cards during playtests. After a 
playtest, players would rate which cards they liked, and which were too difficult. 
Because Describe cards are the simplest category to execute, I kept the words on 
these cards more difficult and abstract.

How
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Find a function cards contain a sound description, and the player must think up 
a reason why the product would make this specific sound.

Find a function cards - 16 cards

What

Find a function cards teach players to also consider the human aspect of sound-
driven design. Specifically, the Functional and Semantic aspects of sonic ideas 
(Delle Monache, 2022), though it focuses primarily on Functional aspects. 
These are important aspects to teach, as they are not as consistently used by 
untrained stakeholders, as based on early observations (see appendix B). The 
Find a function cards teach players to consider the listening experience during 
sound-driven ideation.

Why

Response to the Find a function cards was varied throughout the playtests. A 
subset of the players liked this category the most. A comparable group struggled 
with completing Find a function cards during play. Find a function cards introduce 
an important concept of sound-driven ideation but are not as important for the 
icebreaker and play engagement as Make cards. Their distribution lies between 
the Make and Describe cards.

The words on the Find a function cards do help set the tone for the other idea 
cards. Because the described sounds on the Find a function cards are silly, the 
tone of the entire game is communicated to be less serious. 

I made the Find a function cards descriptions based on the perceptual categories 
of sound (Özcan & van Egmond, 2014). I then tested these initial versions on 
players. First testing whether players form a mental image of the described 
sound (Leaver, 2009). If this is the case the description is tested during playtests, 
similarly to the other cards.

How
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GRUMPY GORILLA

FIND A FUNTION
G R U M P Y  G O R I L L A

FIND A FUNTION
WET FART

FIND A FUNTION
W E T  F A R T

FIND A FUNTION

GONG

FIND A FUNTION
G O N G

FIND A FUNTION
SQUEALING PIG

FIND A FUNTION
S Q U E A L I N G  P I G

FIND A FUNTION
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R E P E A T
T H E  L A S T  A N S W E R

REPEAT
THE LAST ANSWER
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The player must repeat the answer given by the prior player. 

Repeat - 4 cards

What

Repeat cards ensure that players pay attention to each other during a game of 
Soundstorm. This teaches players to pay attention to each other’s ideas during 
a generative session. 

Without the Repeat card, players become focused on only their own turns. This 
then also loses the collaborative aspect of Soundstorm. 

During playtests I experimented with repeating the last Make card. So the players 
need to pay attention to all turns and must engage their auditory memory 
during play. This task proved to be difficult (Özcan, 2007) to combine with the 
time limit during a game of sound storm.

Why

It is not needed that players encounter a repeat card during a game of 
Soundstorm. If players know that there is a possibility that they must repeat 
another player, they will pay attention during their turn. The low distribution of 
the repeat cards reflects this.

How
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The player must replay the previous card and give a different answer.

Replay - 7 cards

What

Replay cards ensure that players pay attention to each other during a game of 
Soundstorm. This teaches players to pay attention to each other’s ideas during 
a generative session. The replay card also simulates players iterating on each 
other’s ideas (Chan, 2015). 

Why

Replay cards have more effect on a play session and have higher engagement 
during playtests than repeat cards. They do take longer to complete than other 
cards, as they require more steps for a player to complete. The player must first 
recall the previous cards, then the previous answer, and finally create a different 
answer. If this happens multiple times in a row it takes the speed out of the 
game. Their distribution is therefore slightly higher than repeat cards, but lower 
than the other three categories.

How
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R E P L A Y
T H E  L A S T  C A R D

REPLAY
THE LAST CARD
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In this chapter, I outline the validation study that investigates the differences between generative sessions using 
Soundstorm and not using Soundstorm.

In this part first I outline the goals and research objectives of the validation study. Then I outline the methodology 
used for validating. Herein I describe the study setup, using Protocol analysis to gain quantitative data, and using 
questionnaires to attain Production-blocking insights based on sound-driven brainstorming. Then I present the results 
of the validation study (n=18), which show that playing Soundstorm has little impact on generative session results. I then 
discuss the shortcomings and implications of these results. I then conclude this report with future recommendations for 
the field of sound-driven design.

05
VALIDATION
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My goals with the validation study are twofold. First, I want to know what the 
impact of Soundstorm is on the Idea exposure and Production blocking during 
sound-driven brainstorm. Specifically, I want to determine if playing Soundstorm 
before a sound-driven ideation session improves the idea exposure and reduces 
the production blocking during the ideation session.

As a secondary goal, I am interested in applying ideation research methodology 
to the domain of sound-driven design. This means adapting and applying an 
established ideation research method to the sound-driven design process. 
Within ideation research, there is a focus on written generative session methods, 
as they outperform verbal methods (Diehl, 1987). There is therefore little research 
done on how to improve verbal generative sessions. For sound-driven design, 
verbal and vocal generative session methods are beneficial, and it is therefore 
interesting to reexamine verbal and vocal methods through the lens of sound-
driven design.

GOALS OF VALIDATION

The primary research questions revolve around the group ideation effect Idea 
Exposure, and its antithesis, Production Blocking. As discussed in chapter 3, Idea 
exposure has a positive influence on ideation outcomes (DeRosa, 2007), whilst 
Production Blocking has a negative influence (Lamm, 1973). Soundstorm is designed 
to increase the idea exposure and reduce the production blocking that occurs during 
a generative session. This should be reflected in the ideation outcomes. This led to 
the following research questions for the validation study.

• Does playing Soundstrorm increase the number of ideas generated during a 
generative session? 

• Does playing Soundstrorm influence the type of creativity used during a 
generative session? 

• Does playing Soundstrorm increase the number of times participants use vocal 
scribbling to express their sonic ideas? 

Research questions
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This study uses a between-participant approach. Between-participants is 
not applicable, as doing two generative sessions after each other will train 
participants in doing generative sessions (Charness, 2012). There are then two 
categories, a Control group and a Soundstorm group. Participants were divided 
into groups of 3 each, evenly spread across the two categories. 

18 Participants (M age = 29.7 years, SD = 9.5) were recruited from my network. 
Most participants knew each other before the study, which influenced the social 
conduct of the groups.

METHODOLOGY

The validation study uses Brainstorming (Osborn, 1963) as the generative session 
methodology. Brainstorming is one of the most used and studied generative session 
methodologies (Williams, 2016). Brainstorming is considered less effective than 
techniques like brainwriting (Diehl, 1978) because it relies on verbal expressions. 
However, in the context of sound-driven design, the verbal nature of brainstorming 
is seen as a significant advantage, facilitating the direct expression of sonic ideas. 

The rules of brainstorming given to the participants: (Osborn, 1963; Van Boeijen, 
2014):

Focus on the quantity of ideas. 
Suspend feedback during the generative session. 
Build upon ideas. 
Wild and crazy ideas are encouraged. 

Typically, the ideas expressed during a brainstorm session are written down, using 
for example a whiteboard, by a notetaker (Osborn, 1963; Rietzschel, 2006). After the 
generative session ideas are then scrutinized and filtered. However, for this project, 
the focus is on the divergence during the idea generation, not on the converging 
activities. Therefore, ideas are stored on a recording device, with no effort required 
from the participants.

Generative session methodology: Brainstorming

Between participant study
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I conducted 6 workshops, with groups of 3 participants. Three groups served as 
control; the other three groups played Soundstorm. There were no differences 
between the two workshops, outside of playing Soundstorm. 

Participants were seated at a table, and the sessions began with an explanation 
of the research, followed by obtaining informed consent (see appendix A). The 
Soundstorm groups then played one round of Soundstorm. 

Following this, participants were presented with a problem statement (see 
appendix C) and allowed to read through it. No additional questions regarding 
the problem statement were answered to ensure consistency of information 
across all workshops. Once participants completed reading the statement, 
a verbal explanation of the brainstorming generative session method was 
provided. They were then given 5 minutes to brainstorm on the topic, with 
the audio being recorded. Upon the conclusion of the 5-minute brainstorming 
session, participants were thanked for their participation.

The problem statement is based on the theory I described in chapter 4. It is important 
that participants can easily transform the problem statement into a problem space 
and solution space, as they are given limited time for this. The validation study is 
not about this transformation process. The problem statement needs to be easy to 
understand, and relatable to the participants. 

To ensure the statement is relatable and understandable, I made several problem 
statements about common topics (see appendix C). These statements had the same 
structure and level of specificity. The problem statements are relatively open-ended, 
not specifying if they were looking for specific sounds or interactions. This was to 
ensure participants could generate ideas based on all aspects of sonic ideas.

These statements were then used in the pilot tests. Participants (n=6) ranked 
the statements on which were most relatable and understandable. The problem 
statement about a campus-wide clock tower sound was ranked best by the 
participants.

Problem statement(s)

Procedure
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Data analysis

All recordings were transcribed, including speaker and timestamps. This was 
done using Microsoft Word transcribe tools, and then the produced transcription 
was manually corrected by me. During this manual correction, audible verbal 
interruptions and vocal scribbles were added to the transcript. If possible 
interrupted utterances that were later continued were combined to get complete 
sentences (Goldschmidt, 2014). 

Transcription process

The transcription was then split up into utterances, following a two-step 
segmentation process (Goldschmidt, 2014). In the initial split, utterances were 
divided based on speaker turns. In the second split, utterances were further 
divided based on the information chunks (Simon, 1974) they contained. See 
figure 13 for an example.

The second split separates all utterances based on information chunks (Simon, 
1974), combined with the commonsense technique (Goldschmidt, 2014). An 
information chunk is a piece of knowledge, not yet learned by the shared 
cognition of the group (Bishop, 2018). This piece of knowledge can be new, 
or it can be a novel association of existing information chunks (Tononi, 2015). 
Once an information chunk has been expressed, it is treated as a constant in 
the shared group’s cognition, which is not the same as being stored in memory 
(Simon, 1974). It does mean that once an information chunk has been made by 
combining previous concepts, the new information chunk is taken as one.  

Transcription to utterances

[What about seven] 

[What about a gear sound]

[It needs to be a technical sound]

[gears are technical]

[Why not eight gong sounds]

[gong sounds]

[So, we have gong sounds and gear sounds]

[Do we have other ideas]

[Definitly yes, good point]

2 chunks

2 chunks

1 chunk

1 chunk

1 chunk

1 chunk

1 chunk

Figure 13
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The utterances are then categorized into categories using a coding scheme 
(Goldschmidt, 2014), tailored to the research. For this coding often an ontology 
is used (Jiang, 2009). For example, Monache and Rochesso (2016) used the FBS 
ontology (Gero, 2014) when researching collaborative sound design. However, 
according to Cash and Storga (2015) FBS, and similar ontologies, are too abstract 
to apply to ideation research. They used the MOED ontology (Ahmed, 2009). 
This ontology is rooted in engineering design, and therefore relies heavily on 
physical properties in its definitions, making it unsuited for sound-driven design. 
This means I must construct my own coding scheme. This is not uncommon 
when using protocol analysis for ideation research (Hatcher, 2018). Often coding 
schemes are tailored to their specific research (Jiang, 2009). 

Utterances can be one of four categories: Ideas, Analysis, Feedback, and empty, 
see table 6. This is based on the processes from the FBS framework (Gero, 2004). 
Since the focus of this study is on Ideas, this category is further expanded upon. 
The creativity types, as described in chapter 3, are used for this division. Ideas 
were split into 4 subcategories. 

Utterances to Coding ideas

Ideas are all utterances that contain information chunks, that relate to the 
problem discussed during the session. Importantly, an idea is not confined solely 
to solutions for the problem statement; it includes any information chunk linked 
to the problem space, even explorations of the problem space itself. I am using 
the definitions of the three types of creativity and applying them to the chunk, 
as seen in figure 13.

Generative New information chunks.

Combine A combination of multiple already existing information chunks.

Transform Previously existing information that has been changed.

Old Chunks that have already been established, with no new additions or transformations.

Analysis Utterances aimed at extracting more information from the generative session.

Feedback Utterances that provide a judgment on a previous utterance

Empty Utterances that have no relation to the problem statement at all

Table 6
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This analysis then leads to a total count of utterances, and a count of utterances 
per type. This can then be used to infer the occurrence of Idea Exposure and 
Production Blocking. 

Comparing scores

If the idea count is higher that means that more Idea Exposure occurred, and less 
harm was done by Production Blocking (Lamm, 1973; Javadi, 2011). However, 
because the brainstorming generative method was used, the idea count can 
also be limited by other factors (Rietzchel, 2006). Since the generative session 
is bounded by both time and turn-taking dynamics for speaking (Diehl, 1987), 
the idea limit can be reached even if the Idea exposure is low and Production 
Blocking is high. I expect this to be the case for both the Soundstorm and Control 
groups.

Comparing the total idea count

When looking at Idea Exposure, this effect not only improves the quantity of 
ideas but also the iteration of ideas into each other (Okhuysen, 2002). Therefore, 
when looking at the composition of the idea types, if Idea Exposure is higher, 
I expect to find more codes of the Combine and Transform type, relative to 
Generative and Old ideas. Similarly, an increase in Analysis is also indicative that 
more attention is paid to idea expression. If Soundstorm positively influences 
the Idea Exposure, then this difference should be reflected in the results.

Comparing idea composition

Looking at interruption is a direct way of measuring P.B.2.2.. The other versions of 
production blocking are not measurable using this approach. Soundstorm does 
not explicitly focus on mitigating P.B.2.2., though the turn-taking nature of the 
game does do so implicitly. I do not expect a decrease in this type of production 
blocking when using Soundstorm. Instead, I expect an increase in interruptions 
when using Soundstorm, as all participants should be better at expressing their 
ideas (P.B.1) and feel less inhibited when doing so (P.B.3).

Production blocking
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There is no significant difference between the idea count (p=1.0) of the 
control group and the intervention group, see figure 14. There is a small, 
insignificant difference between the total utterance count (p=0.8). This is also 
what I expected, as the brainstorm method is gated by the verbal Means of 
Expression (Diehl, 1987). Interestingly, interruptions had little effect on the idea 
output. From observations, participants would just talk over each other, so I 
expected interruptions to increase the idea count. There was also no difference 
in interruptions between the groups (p=0.8), see figure 15.

FINDINGS
Idea count

Figure 14

Figure 15
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There is an increase in the number of Analysis utterances, and a decrease in 
the number of Feedback utterances for the Soundstorm group, see figure 16. 
Though this is not significant (p=0.1). This could mean Soundstorm makes the 
design dialogue during the generative session more focused on only generating 
ideas, and that Soundstorm groups paid more attention to each other

Analysis count

Figure 16



76

Idea composition is somewhat influenced by playing Soundstorm, see figure 
FIXME. There is an increase in Combine ideas (p=0.2), though it is not significant. 
This could mean that Soundstorm somewhat improves the iteration of ideas, 
though it is interesting that transformative ideas did not differ between the 
groups (p=1.0). That the Soundstorm group might pay more attention to 
eachother is also reflected in the increase in Old ideas(p=0.4), though this is also 
not significant. The method in which the data was prepared also did not take 
into account participants modifying and combining their own utterances.

Idea composition

Figure 17
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Soundstorm does not affect the Idea Exposure and Production Blocking. It does 
increase the occurrence of analysis during a generative session. It is difficult to 
say this definitively because of the low participant count, and the composition 
of the participants.

Conclusion
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Shortcomings

Soundstorm is designed to engage the Persistence and Flexibility pathways, 
which should increase creative output (Nijstad, 2010). During testing, the 
Soundstorm group first played a game of Soundstorm, after which they were 
presented with the written problem statement. Reading the problem statement 
engages different cognitive processes (Kim, 2022), negating the effect of playing 
the game. Furthermore, the reading speeds within a group varied greatly. 
Though the problem statement was written to be readable within one minute 
(Dyson, 2000), some participants took upwards of 10 minutes. This then has a 
greater impact on participants’ cognitive processes than playing the game. In a 
full sound-driven design process, the contents of the problem statement would 
not be new information to the participants of the generative session, so this 
effect should be less.

Test setip influence

Participant selection influenced the result in two ways. First, the number of 
participants (n=18) is low, as when divided into groups this leads to a comparison 
of 3 groups per category. This means results are easily influenced by outliers, and 
the significance of the results is low. In group ideation research participants can 
hit counts in the hundreds (Paulus, 2000). This could be circumvented by using 
linkography, to be able to better assess the differences between the formation 
of the sonic ideas of the two groups (Hatcher, 2018). 

Secondly, the participants were recruited from my network. This meant that 
the participants mostly also knew each other. This means participants were 
comfortable interacting with each other, which led to increased group cohesion 
(Sawyer, 2010). Increased group cohesion increases the idea output during a 
generative session (Spencer, 2008; DeDreu, 2011). Increasing group cohesion 
is also one of the supposed benefits of board games (Uz Bilgin, 2020), and this 
effect is negated by the selection of the participants.

Particiants

Protocol analysis always has some level of subjectivity, which is why it is 
recommended to check the correspondence of codes with at least three 
researchers (Goldschmidt, 2014). I did not have time to check the correspondence.

Furthermore, focusing on quantity rewards short ideas. This means that exploring 
more complex or interactive solutions is penalized in this research, as the total 
amount of ideas is significantly lower than just listing sounds. While focusing 
on quantity also increases quality (Reinig, 2008), I suspect my coding schema 
focuses too much on short ideas.

Influence of coding schema

Within creativity research, there is no consensus on if creative output is fixed, 
or if this can be influenced in the short term (Nijstad, 2010). In the fixed 
view, creativity is a constrained stochastic process (Simonton, 2003), that is a 
consistently occurring random cognitive process. This randomization of thought 
happens at a fixed consistent rate and can then only be changed by long-term 
practice (Csikszentmihalyi, 1999). This is in contrast with the view that creativity 
is a controllable cognitive process, which means that it can be influenced in the 
short term (Perkins, 1981; Stein, 1975).

Fixed creative idea ouput
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For the future of the sound-driven design field, I recommend focusing on 
researching design tools and methods that are easily accessible. Accessibility, 
specifically the ease of implementation is one of the reasons the brainstorm 
method is still widely used (Williams, 2016). Within product sound design and 
sound design, it is common to develop custom tools to manage the complexity 
of the design process. Whilst these tools are useful, there is currently a gap in 
tools and methodologies that assist in early sound-driven design explorations. 

For future research in sound-driven ideation, I recommend further exploring 
the fundamentals. This means making comparisons between generative session 
methods. Specifically, it would be interesting to compare nominal groups and 
brainstorm on all four-ideation metrics. These are idea novelty, variety, quality, 
and quantity (Shah, 2003). 

It would be interesting to have an example of a project that sees sound-driven 
design through. 

As another important next step for sound-driven design, I think it is time to 
consider the full design process. That is, include both diverging and converging 
steps, during a collaborative design project, that works on a sound-driven 
principle. This would lead to insights into how the coevolution of problem and 
solution occurs in the sound domain, something that was not considered in this 
project.

RECOMMENDATIONS
Recommendation Sound-driven design

During playtests, Soundstorm was a fun and silly game. This was somewhat lost 
during the validation, because of the more formalized setup. Because it is fun to 
play outside of a sound-driven design context, Soundstorm has some potential 
as a commercial board game. Developing Soundstorm further should be done 
by leaning into the silliness more. Including card art that supports this tone and 
would allow it to be played without reading the text. This would also make it 
playable with a younger demographic. They would also benefit from learning 
the sound description and audible sound connection (Liu, 2010). 

To improve sound-driven ideation, I believe that it is vital that participants 
practice expressing sonic ideas, and that some initial social cohesion is formed. 
Kickstarting creativity just before the generative session starts is a good bonus, 
but if the session is longer than a few minutes this is not vital. Soundstorm is 
intended to combine these three activities into one. With a focus on low barriers 
to entry, by being fun and easy to do. Even if the results did show that this works, 
it would not mean that designers should put effort and attention into preparing 
participants for a productive generative session.

Recommendations: Soundstorm
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REFLECTION
As I conclude this master’s thesis, I want to reflect on my main learnings during 
this project.

The main thing I will take with me from this project is that the way you design 
influences what you design. There is an inherent bias in the design expression 
that you use during the process. These expressions then influence the rest of 
your design process. Similar to Mcluhan’s famous quote (1994), The medium 
is the message. Before this project, I used to reflect only on my personal biases 
and preferences on a design process, not on how the tools and methods you 
use also inform this.

When I started this project, I assumed that I would go on a co-designing 
adventure. Quickly the context of sound-driven ideation took me in a different 
direction. Still, I engaged with stakeholders from the context, and with play testers, 
on a level I had not yet done. While reaching out to others is still difficult to me, 
I now feel more confident in the steps that come after initial contact. Working 
iteratively on the game gave me confidence in my ability to do collaborative 
design and receive feedback on solitary projects.

I can confidently say that this report is the best thing I have ever written. I still 
don’t like writing. But this thesis is proof to me that I can do it. Before this thesis, 
I was not convinced I would be capable of this. The writing methodology I used 
helped me tremendously and can also be used for other (hopefully smaller) 
writing tasks. That methodology is Bullet points of all my thoughts. Using AI as 
a spit balling machine, fleshing out these bullet points. Using this ai generated 
text to structure the initial bullet points. Writing a text for these bullet points. 
Leaning heavily on my peers for feedback and assistance. Iteratively improving 
the report until there is no time. With this approach, I am now also at the level of 
reporting where I write to much. For me, that is a step forward. Now I can start 
improving my skills in trimming my texts.



81



82



83

06
REFERENCES



84

Delle Monache, S., Misdariis, N., & Özcan, E. (2021, June). Conceptualising sound-driven design: an exploratory discourse 
analysis. In Creativity and Cognition (pp. 1-8). 

Delle Monache, S., Rocchesso, D., Bevilacqua, F., Lemaitre, G., Baldan, S., & Cera, A. (2018). Embodied sound design. 
International Journal of Human-Computer Studies, 118, 47-59. 

Delle Monache, S., & Rocchesso, D. (2019). Sketching sonic interactions. Foundations in Sound Design for Embedded 
Media, A Multidisciplinary Approach, 79-101. 

Delle Monache, S., Misdariis, N., & Özcan, E. (2022). Semantic models of sound-driven design: Designing with listening 
in mind. Design Studies, 83, 101134. 

Dorst, K., & Cross, N. (2001). Creativity in the design process: co-evolution of problem–solution. Design studies, 22(5), 
425-437. 

Ekman, I., & Rinott, M. (2010, August). Using vocal sketching for designing sonic interactions. In Proceedings of the 8th 
ACM conference on designing interactive systems (pp. 123-131). 

Ingold, T. (2000). THe perception of the environment: Essays on livelihood, dwelling and skill. London and New York: 
Routledge. 

Osborn, A. F. (1963). Applied Imagination: The principles and procedures of Creative Thinking. 1953. New York: Charles 
Scribner’s Sons.  

Sacks, H., Schegloff, E. A., & Jefferson, G. (1978). A simplest systematics for the organization of turn taking for conversation. 
In Studies in the organization of conversational interaction (pp. 7-55). Academic Press. 

Tuuri, K., & Eerola, T. (2012). Formulating a revised taxonomy for modes of listening. Journal of new music research, 41(2), 
137-152. 

VanGundy, A. B. (1984). Brain writing for new product ideas: an alternative to brainstorming. Journal of Consumer 
Marketing, 1(2), 67-74. 

CHAPTER 1 GLOSSARY

Agogué, M., Le Masson, P., Dalmasso, C., Houdé, O., & Cassotti, M. (2015). Resisting classical solutions: The creative mind 
of industrial designers and engineers. Psychology of Aesthetics, Creativity, and the Arts, 9(3), 313. 

Arias, E., Eden, H., Fischer, G., Gorman, A., & Scharff, E. (2000). Transcending the individual human mind—creating shared 
understanding through collaborative design. ACM Transactions on Computer-Human Interaction (TOCHI), 7(1), 84-113. 

Barney, A., & Voegelin, S. (2018). Collaboration and consensus in listening. Leonardo Music Journal, 28, 82-87. 

Carron, M., Rotureau, T., Dubois, F., Misdariis, N., & Susini, P. (2017). Speaking about sounds: a tool for communication on 
sound features. Journal of Design Research, 15(2), 85-109. 

Cowan, J. P. (1993). Handbook of environmental acoustics. John Wiley & Sons. 

Cross, N. (2021). Engineering design methods: strategies for product design. John Wiley & Sons. 

CHAPTER 2 SOUND-DRIVEN DESIGN



85

Cross, N., & Roozenburg, N. (1992). Modelling the design process in engineering and in architecture. Journal of 
Engineering design, 3(4), 325-337. 

Delle Monache, S., & Rocchesso, D. (2021). Exploring design cognition in voice-driven sound sketching and synthesis. 
In Perception, Representations, Image, Sound, Music: 14th International Symposium, CMMR 2019, Marseille, France, 
October 14–18, 2019, Revised Selected Papers 14 (pp. 465-480). Springer International Publishing. 

Delle Monache, S., Misdariis, N., & Özcan, E. (2021, June). Conceptualising sound-driven design: an exploratory discourse 
analysis. In Creativity and Cognition (pp. 1-8). 

Delle Monache, S., Misdariis, N., & Özcan, E. (2022). Semantic models of sound-driven design: Designing with listening 
in mind. Design Studies, 83, 101134. 

Delle Monache, S., Rocchesso, D., Bevilacqua, F., Lemaitre, G., Baldan, S., & Cera, A. (2018). Embodied sound design. 
International Journal of Human-Computer Studies, 118, 47-59. 

Eris, O., Martelaro, N., & Badke-Schaub, P. (2014). A comparative analysis of multimodal communication during design 
sketching in co-located and distributed environments. Design Studies, 35(6), 559-592. 

Falkenberg, K., Lindetorp, H., Latupeirissa, A. B., & Frid, E. (2020). Creating digital musical instruments with and for 
children: Including vocal sketching as a method for engaging in codesign. Human Technology, 16(3), 348-371. 

Filimowicz, M. (Ed.). (2019). Foundations in sound design for interactive media: A multidisciplinary approach. Routledge. 

Gaver, W. W. (1993). What in the world do we hear?: An ecological approach to auditory event perception. Ecological 
Psychology, 5, 1e29. https://doi.org/ 10.1207/s15326969eco0501_1 

Gibson, J. J. (1966). The senses considered as perceptual systems. Boston, MA: Houghton Mifflin. 

Hildebrandt, T., Hermann, T., & Rinderle-Ma, S. (2016). Continuous sonification enhances adequacy of interactions in 
peripheral process monitoring. International Journal of Human-Computer Studies, 95, 54-65. 

Hu, T. T., Zhao, J. H., & Zhao, D. H. (2013). A study on the semantic gap between designer and user in automobile design. 
International Association of Societies of Design Research, Tokyo, Japan. 

Hug, D. (2020, September). How do you sound design? An exploratory investigation of sound design process visualizations. 
In Proceedings of the 15th International Audio Mostly Conference (pp. 114-121). 

Ingold, T. (2000). THe perception of the environment: Essays on livelihood, dwelling and skill. London and New York: 
Routledge. 

Koskinen, I., Zimmerman, J., Binder, T., Redstrom, J., & Wensveen, S. (2013). Design research through practice: From the 
lab, field, and showroom. IEEE Transactions on Professional Communication, 56(3), 262-263. 

Kristensen, M. S., Edworthy, J., & Özcan, E. (2016). Alarm fatigue in the ward: An acoustical problem?. SoundEffects-An 
Interdisciplinary Journal of Sound and Sound Experience, 6(1), 88-104. 

Langeveld, L., van Egmond, R., Jansen, R., & Özcan, E. (2013). Product sound design: Intentional and consequential 
sounds. Advances in industrial design engineering, 47(3). 



86

Nykänen, A., Wingstedt, J., Sundhage, J., & Mohlin, P. (2014). Sketching Sounds–listening, moving and listening again. In 
Forum Acusticum: 07/09/2014-14/09/2014. 

Ostroff, E. (1997). Mining our natural resources: The user as expert. INNOVATION. the Quarterly Journal of the Industrial 
Designers Society of America (IDSA) 16. 

Özcan, E., & Van Egmond, R. (2006, August). Product sound design and application: An overview. In Proceedings of the 
fifth international conference on desing and emotion, Gothenburg. 

Özcan, E., Birdja, D., & Edworthy, J. R. (2018). A holistic and collaborative approach to audible alarm design. Biomedical 
instrumentation & technology, 52(6), 422-432. 

Pasman, G., Boess, S., & Desmet, P. (2011). Interaction vision: expressing and identifying the qualities of user-product 
interactions. In DS 69: Proceedings of E&PDE 2011, the 13th International Conference on Engineering and Product 
Design Education, London, UK, 08.-09.09. 2011 (pp. 149-154). 

Rocchesso, D., Serafin, S., Behrendt, F., Bernardini, N., Bresin, R., Eckel, G., ... & Visell, Y. (2008). Sonic interaction design: 
sound, information and experience. In CHI’08 Extended Abstracts on Human Factors in Computing Systems (pp. 3969-
3972). 

Roozenburg, N. F., & Cross, N. G. (1991). Models of the design process: integrating across the disciplines. Design studies, 
12(4), 215-220.

Rowe, P. G. (1991). Design thinking. MIT press. 

Sanders, E. B. N., & Stappers, P. J. (2008). Co-creation and the new landscapes of design. Co-design, 4(1), 5-18. 
Sanders, L., & Stappers, P. J. (2014). From designing to co-designing to collective dreaming: Three slices in time. 
interactions, 21(6), 24-33. 

Schon, D. A., & Wiggins, G. (1992). Kinds of seeing and their functions in designing. Design studies, 13(2), 135-156. 

Susini, P., Houix, O., & Misdariis, N. (2014). Sound design: an applied, experimental framework to study the perception of 
everyday sounds. The New Soundtrack, 4(2), 103-121. 

Toppano, E., & Toppano, A. (2014). The role of sound in brand communication. In Proc. of the Int. Conference on 
e-Commerce, Lisbon, P. Computer Science and Information Systems Series, IADIS Press (pp. 167-174). 

Truax, B. (2001). Acoustic communication. Greenwood Publishing Group. 

Tuuri, K., & Eerola, T. (2012). Formulating a revised taxonomy for modes of listening. Journal of new music research, 41(2), 
137-152. 

Van Egmond, R. (2008). The experience of product sounds. In Product experience (pp. 69-89). Elsevier. 

Vardanyan, D., Huisman, G., Murray-Rust, D., & Delle Monache, S. (2023). DESIGN GUIDELINES TOWARDS PROTOTYPING 
TOOLS FOR SONIC SKETCHING IN UX DESIGN. 

Vasconcelos, L. A., & Crilly, N. (2016). Inspiration and fixation: Questions, methods, findings, and challenges. Design 
Studies, 42, 1-32. 



87

Wang, Y., Luo, L., & Liu, H. (2020). Bridging the semantic gap between customer needs and design specifications using 
user-generated content. IEEE Transactions on Engineering Management, 69(4), 1622-1634. 

Ware, C. (2010). Visual thinking for design. Elsevier. 

Zattra, L., Donin, N., Misdariis, N., Pecquet, F., & Fierro, D. (2021). Sound design as viewed by sound designers: A 
questionnaire about people, practice and definitions. In Doing research in sound design (pp. 297-323). Focal Press. zz

Zattra, L., Misdariis, N., Pecquet, F., Donin, N., & Fierro, D. (2018, November). Analysis of sound design practices [asdp]. 
research methodology. In XXII Colloquio di Informatica Musicale (Congres d’Informatique Musicale CIM).

CHAPTER 3 IDEATION THEORY
Basadur, M., Graen, G. B., & Green, S. G. (1982). Training in creative problem solving: Effects on ideation and problem 
finding and solving in an industrial research organization. Organizational Behavior and human performance, 30(1), 41-
70.

Björk, J., Boccardelli, P., & Magnusson, M. (2010). Ideation capabilities for continuous innovation. Creativity and innovation 
management, 19(4), 385-396.

Björklund, T. A. (2013). Initial mental representations of design problems: Differences between experts and novices. 
Design Studies, 34(2), 135-160.

Boden, M. A. (2004). The creative mind: Myths and mechanisms. Psychology Press. 

Brown, V., Tumeo, M., Larey, T. S., & Paulus, P. B. (1998). Modeling cognitive interactions during group brainstorming. 
Small group research, 29(4), 495-526. 

Camacho, L. M., & Paulus, P. B. (1995). The role of social anxiousness in group brainstorming. Journal of personality and 
social psychology, 68(6), 1071.

Cash, P., & Štorga, M. (2015). Multifaceted assessment of ideation: using networks to link ideation and design activity. 
Journal of Engineering Design, 26(10-12), 391-415. 

Chan, J., Siangliulue, P., Qori McDonald, D., Liu, R., Moradinezhad, R., Aman, S., ... & Dow, S. P. (2017, June). Semantically 
far inspirations considered harmful? accounting for cognitive states in collaborative ideation. In Proceedings of the 2017 
ACM SIGCHI Conference on Creativity and Cognition (pp. 93-105) 

Collaros, P. A., & Anderson, L. R. (1969). Effect of perceived expertness upon creativity of members of brainstorming 
groups. Journal of Applied Psychology, 53(2p1), 159.

Daly, S. R., Seifert, C. M., Yilmaz, S., & Gonzalez, R. (2016). Comparing ideation techniques for beginning designers. 
Journal of Mechanical Design, 138(10), 101108. 

De Dreu, C. K., Baas, M., & Nijstad, B. A. (2008). Hedonic tone and activation level in the mood-creativity link: toward a 
dual pathway to creativity model. Journal of personality and social psychology, 94(5), 739. 

De Dreu, C. K., Nijstad, B. A., Bechtoldt, M. N., & Baas, M. (2011). Group creativity and innovation: A motivated information 
processing perspective. Psychology of aesthetics, creativity, and the arts, 5(1), 81. 

Delle Monache, S., Misdariis, N., & Özcan, E. (2021, June). Conceptualising sound-driven design: an exploratory discourse 
analysis. In Creativity and Cognition (pp. 1-8). 



88

DeRosa, D. M., Smith, C. L., & Hantula, D. A. (2007). The medium matters: Mining the long-promised merit of group 
interaction in creative idea generation tasks in a meta-analysis of the electronic group brainstorming literature. Computers 
in human behavior, 23(3), 1549-1581.

Diehl, M., & Stroebe, W. (1987). Productivity loss in brainstorming groups: Toward the solution of a riddle. Journal of 
personality and social psychology, 53(3), 497. 

Diehl, M., & Stroebe, W. (1991). Productivity loss in idea-generating groups: Tracking down the blocking effect. Journal 
of personality and social psychology, 61(3), 392.  

Dorst, K., & Cross, N. (2001). Creativity in the design process: co-evolution of problem–solution. Design studies, 22(5), 
425-437. 

Eberle, R. F. (1972). Developing imagination through scamper. Journal of Creative Behavior. 

Furnham, A. (2000). The brainstorming myth. Business strategy review, 11(4), 21-28. 

Gallagher, M., Hares, T. I. M., Spencer, J., Bradshaw, C., & Webb, I. A. N. (1993). The nominal group technique: a research 
tool for general practice?. Family practice, 10(1), 76-81.  

Geschka, H. (1996). Creativity techniques in Germany. Creativity and innovation management, 5(2), 87-92. 

Jones, L., Nabil, S., & Girouard, A. (2021, February). Wearable Crazy Eights: Wearable Ideation Methods for Encouraging 
Divergent Design Concepts. In Proceedings of the Fifteenth International Conference on Tangible, Embedded, and 
Embodied Interaction (pp. 1-7). 

Karau, S. J., & Williams, K. D. (1993). Social loafing: A meta-analytic review and theoretical integration. Journal of personality 
and social psychology, 65(4), 681.

Kirton, M. J., & De Ciantis, S. M. (1986). Cognitive style and personality: The Kirton adaption-innovation and Cattell’s 
sixteen personality factor inventories. Personality and Individual Differences, 7(2), 141-146.

Koestler, A. (1964). The act of creation. 

Liikkanen, L. A., Björklund, T. A., Hämäläinen, M. M., & Koskinen, M. P. (2009). Time constraints in design idea generation. 
In DS 58-9: Proceedings of ICED 09, the 17th International Conference on Engineering Design, Vol. 9, Human Behavior in 
Design, Palo Alto, CA, USA, 24.-27.08. 2009 (pp. 81-90).

Litcanu, M., Prostean, O., Oros, C., & Mnerie, A. V. (2015). Brain-writing vs. Brainstorming case study for power engineering 
education. Procedia-Social and Behavioral Sciences, 191, 387-390.  

Maher, M. L., Poon, J., & Boulanger, S. (1996). Formalising design exploration as co-evolution: a combined gene approach. 
In Advances in Formal Design Methods for CAD: Proceedings of the IFIP WG5. 2 Workshop on Formal Design Methods 
for Computer-Aided Design, June 1995 (pp. 3-30). Springer US. 

McMillan, S. S., Kelly, F., Sav, A., Kendall, E., King, M. A., Whitty, J. A., & Wheeler, A. J. (2014). Using the nominal group 
technique: how to analyse across multiple groups. Health Services and Outcomes Research Methodology, 14, 92-108.  

Nelson, B. A., Wilson, J. O., Rosen, D., & Yen, J. (2009). Refined metrics for measuring ideation effectiveness. Design 
Studies, 30(6), 737-743. 



89

Nijstad, B. A., De Dreu, C. K., Rietzschel, E. F., & Baas, M. (2010). The dual pathway to creativity model: Creative ideation 
as a function of flexibility and persistence. European review of social psychology, 21(1), 34-77. 

Okhuysen, G. A., & Eisenhardt, K. M. (2002). Integrating knowledge in groups: How formal interventions enable flexibility. 
Organization science, 13(4), 370-386. 

Osborn, A. F. (1963). Applied Imagination: The principles and procedures of Creative Thinking. 1953. New York: Charles 
Scribner’s Sons.  

Paulus, P. B., & Brown, V. R. (2007). Toward more creative and innovative group idea generation: A cognitive-social-
motivational perspective of brainstorming. Social and Personality Psychology Compass, 1(1), 248-265. 

Paulus, P. B., & Yang, H. C. (2000). Idea generation in groups: A basis for creativity in organizations. Organizational 
behavior and human decision processes, 82(1), 76-87.

Payne, J. W., Bettman, J. R., & Johnson, E. J. (1992). Behavioral decision research: A constructive processing perspective. 
Annual review of psychology, 43(1), 87-131. 

Reinig, B. A., & Briggs, R. O. (2008). On the relationship between idea-quantity and idea-quality during ideation. Group 
Decision and Negotiation, 17, 403-420. 

Rietzschel, E. F., Nijstad, B. A., & Stroebe, W. (2006). Productivity is not enough: A comparison of interactive and nominal 
brainstorming groups on idea generation and selection. Journal of Experimental Social Psychology, 42(2), 244-251.  

Roozenburg, N., & Eekels, J. (1998). Productontwerpen, structuur en methoden. Lemma. 

Sanders, E. B. N. (2005, March). Information, inspiration and co-creation. In Proceedings of the 6th International 
Conference of the European Academy of Design. Bremen: University of the Arts. 

Santanen, E. L., Briggs, R. O., & Vreede, G. J. D. (2004). Causal relationships in creative problem solving: Comparing 
facilitation interventions for ideation. Journal of management information systems, 20(4), 167-198. 

Sawyer, R. K. (2010). Individual and group creativity. The Cambridge handbook of creativity, 366-380. 

Sawyer, R. K. (2011). Explaining creativity: The science of human innovation. Oxford university press. 

Sawyer, R. K., & DeZutter, S. (2009). Distributed creativity: How collective creations emerge from collaboration. Psychology 
of aesthetics, creativity, and the arts, 3(2), 81. 

Schon, D. A. (1963). Displacement of concepts. London. 

Shah, J. J., Smith, S. M., & Vargas-Hernandez, N. (2003). Metrics for measuring ideation effectiveness. Design studies, 
24(2), 111-134. 

Silk, E. M., Rechkemmer, A. E., Daly, S. R., Jablokow, K. W., & McKilligan, S. (2021). Problem framing and cognitive style: 
Impacts on design ideation perceptions. Design studies, 74, 101015. 

Sosa, R. (2020). Nominal Groups? Ok Boomer! A future-oriented agenda for brainstorming studies. 

Spencer, R. W. (2008). Group genius: The creative power of collaboration. Research Technology Management, 51(1), 62. 



90

Sternberg, R. J., & Lubart, T. I. (1995). Defying the crowd: Cultivating creativity in a culture of conformity. Free press. 

Van Boeijen, A., Daalhuizen, J., Van Der Schoor, R., & Zijlstra, J. (2014). Delft design guide: Design strategies and methods. 

VanGundy, A. B. (1984). Brain writing for new product ideas: an alternative to brainstorming. Journal of Consumer 
Marketing, 1(2), 67-74.  

Williams, R., Runco, M. A., & Berlow, E. (2016). Mapping the themes, impact, and cohesion of creativity research over the 
last 25 years. Creativity Research Journal, 28(4), 385-394. 

Zenasni, F., Besançon, M., & Lubart, T. (2008). Creativity and tolerance of ambiguity: An empirical study. The Journal of 
Creative Behavior, 42(1), 61-73. 

CHAPTER 4 THE INTERVENTION

Baek, Y., & Touati, A. (2020). Comparing collaborative and cooperative gameplay for academic and gaming achievements. 
Journal of Educational Computing Research, 57(8), 2110-2140. 

Beznosyk, A., Quax, P., Coninx, K., & Lamotte, W. (2011, March). User enjoyment and performance in collaborative and 
cooperative games in shared 3d virtual environments. In International Conference on Computer Graphics Theory and 
Applications (Vol. 2, pp. 302-307). SCITEPRESS. 

Cardgamecalculator. (n.d.). Card Game Calculator.  Retrieved December 2023, from https://cardgamecalculator.
com/?N=60&K=21&n=9&k=4  

Chan, J., & Schunn, C. D. (2015). The importance of iteration in creative conceptual combination. Cognition, 145, 104-115. 

Delle Monache, S., & Rocchesso, D. (2019). Sketching sonic interactions. Foundations in Sound Design for Embedded 
Media, A Multidisciplinary Approach, 79-101. 

Delle Monache, S., Misdariis, N., & Özcan, E. (2022). Semantic models of sound-driven design: Designing with listening 
in mind. Design Studies, 83, 101134. 

Elias, G. S., Garfield, R., & Gutschera, K. R. (2012). Characteristics of games. MIT Press. 

Eriksson, M., Kenward, B., Poom, L., & Stenberg, G. (2021). The behavioral effects of cooperative and competitive board 
games in preschoolers. Scandinavian journal of psychology, 62(3), 355-364. 

Finke, R. A., Ward, T. B., & Smith, S. M. (1996). Creative cognition: Theory, research, and applications. MIT press. 

Johnson, D. W., & Johnson, R. T. (1989). Cooperation and competition: Theory and research. Interaction Book Company. 

Leaver, A. M., Van Lare, J., Zielinski, B., Halpern, A. R., & Rauschecker, J. P. (2009). Brain activation during anticipation of 
sound sequences. Journal of Neuroscience, 29(8), 2477-2485. 

Lee, C. I., Chen, I. P., Hsieh, C. M., & Liao, C. N. (2016). Design aspects of scoring systems in game. Art and Design Review, 
5(1), 26-43. 



91

Liikkanen, L. A., Björklund, T. A., Hämäläinen, M. M., & Koskinen, M. P. (2009). Time constraints in design idea generation. 
In DS 58-9: Proceedings of ICED 09, the 17th International Conference on Engineering Design, Vol. 9, Human Behavior in 
Design, Palo Alto, CA, USA, 24.-27.08. 2009 (pp. 81-90). 

Lin, Y. C., & Hou, H. T. (2022). The evaluation of a scaffolding-based augmented reality educational board game with 
competition-oriented and collaboration-oriented mechanisms: Differences analysis of learning effectiveness, motivation, 
flow, and anxiety. Interactive Learning Environments, 1-20. 

Moogk, D. R. (2012). Minimum viable product and the importance of experimentation in technology startups. Technology 
Innovation Management Review, 2(3). 

Nacke, L. E., Bateman, C., & Mandryk, R. L. (2014). BrainHex: A neurobiological gamer typology survey. Entertainment 
computing, 5(1), 55-62. 

Nieh, H. P., & Wu, W. C. (2018). Effects of a collaborative board game on bullying intervention: A Group-Randomized 
controlled trial. Journal of School Health, 88(10), 725-733. 

Nijstad, B. A., De Dreu, C. K., Rietzschel, E. F., & Baas, M. (2010). The dual pathway to creativity model: Creative ideation 
as a function of flexibility and persistence. European review of social psychology, 21(1), 34-77 

Özcan-Vieira, E. (2008). Product sounds: fundamentals and application.

Özcan, E., & van Egmond, R. (2007). Memory for product sounds: The effect of sound and label type. Acta Psychologica, 
126(3), 196-215. 

Özcan, E., & van Egmond, R. (2012). Basic semantics of product sounds. International Journal of Design, 6(2). 

Özcan, E., Van Egmond, R., & Jacobs, J. J. (2014). Product sounds: Basic concepts and categories. International Journal of 
Design, 8(3), 97-111. 

Poole, F., Clarke-Midura, J., Sun, C., & Lam, K. (2019). Exploring the pedagogical affordances of a collaborative board 
game in a dual language immersion classroom. Foreign Language Annals, 52(4), 753-775. 

Rocchesso, D., Delle Monache, S., & Barrass, S. (2019). Interaction by ear. International Journal of Human-Computer 
Studies, 131, 152-159. 

Salas, E., Shuffler, M. L., Thayer, A. L., Bedwell, W. L., & Lazzara, E. H. (2015). Understanding and improving teamwork in 
organizations: A scientifically based practical guide. Human resource management, 54(4), 599-622. 

Samson, K., & Kostyszyn, P. (2015). Effects of cognitive load on trusting behavior–an experiment using the trust game. 
PloS one, 10(5), e0127680. 

Taspinar, B., Schmidt, W., & Schuhbauer, H. (2016). Gamification in education: A board game approach to knowledge 
acquisition. Procedia Computer Science, 99, 101-116. 

Uz Bilgin, C., & Gul, A. (2020). Investigating the effectiveness of gamification on group cohesion, attitude, and academic 
achievement in collaborative learning environments. TechTrends, 64(1), 124-136. 

Van Egmond, R. (2008). The experience of product sounds. In Product experience (pp. 69-89). Elsevier. 

Woods, S. (2012). Eurogames: The design, culture and play of modern European board games. McFarland. 



92

CHAPTER 5 VALIDATION

Ahmed, S., & Štorga, M. (2009). Merged ontology for engineering design: Contrasting empirical and theoretical 
approaches to develop engineering ontologies. AI EDAM, 23(4), 391-407. 

Bishop, L. (2018). Collaborative musical creativity: How ensembles coordinate spontaneity. Frontiers in psychology, 9, 
1285. 

Cash, P., & Štorga, M. (2015). Multifaceted assessment of ideation: using networks to link ideation and design activity. 
Journal of Engineering Design, 26(10-12), 391-415.

Charness, G., Gneezy, U., & Kuhn, M. A. (2012). Experimental methods: Between-subject and within-subject design. 
Journal of economic behavior & organization, 81(1), 1-8. 

Csikszentmihalyi, M. (1999). Implications of a systems perspective for the study of creativity. In R. J. Sternberg (Ed.), 
Handbook of creativity (pp. 313–335). New York: Cambridge University Press. 

De Dreu, C. K., Nijstad, B. A., Bechtoldt, M. N., & Baas, M. (2011). Group creativity and innovation: A motivated information 
processing perspective. Psychology of aesthetics, creativity, and the arts, 5(1), 81.

DeRosa, D. M., Smith, C. L., & Hantula, D. A. (2007). The medium matters: Mining the long-promised merit of group 
interaction in creative idea generation tasks in a meta-analysis of the electronic group brainstorming literature. Computers 
in human behavior, 23(3), 1549-1581. 

Diehl, M., & Stroebe, W. (1987). Productivity loss in brainstorming groups: Toward the solution of a riddle. Journal of 
personality and social psychology, 53(3), 497. 

Dyson, M., & Haselgrove, M. (2000). The effects of reading speed and reading patterns on the understanding of text read 
from screen. Journal of research in reading, 23(2), 210-223. 

Gero, J. S., & Kannengiesser, U. (2004). The situated function–behaviour–structure framework. Design studies, 25(4), 373-
391. 

Gero, J. S., & Kannengiesser, U. (2014). The function-behaviour-structure ontology of design. In An anthology of theories 
and models of design: philosophy, approaches and empirical explorations (pp. 263-283). London: Springer London. 

Goldschmidt, G. (2014). Linkography: unfolding the design process. Mit Press. 

Hatcher, G., Ion, W., Maclachlan, R., Marlow, M., Simpson, B., Wilson, N., & Wodehouse, A. (2018). Using linkography to 
compare creative methods for group ideation. Design Studies, 58, 127-152. 

Javadi, E., & Fu, W. T. (2011). Idea visibility, information diversity, and idea integration in electronic brainstorming. In 
Foundations of Augmented Cognition. Directing the Future of Adaptive Systems: 6th International Conference, FAC 2011, 
Held as Part of HCI International 2011, Orlando, FL, USA, July 9-14, 2011. Proceedings 6 (pp. 517-524). Springer Berlin 
Heidelberg. 

Jiang, H., & Yen, C. (2009). Protocol analysis in design research: a review. Journal Paper, 78(24), 16 

Kan, J. W., & Gero, J. S. (2017). Quantitative methods for studying design protocols. Dordrecht: Springer 



93

Kim, Y. S. G., & Graham, S. (2022). Expanding the Direct and Indirect Effects Model of Writing (DIEW): Reading–writing 
relations, and dynamic relations as a function of measurement/dimensions of written composition. Journal of educational 
psychology, 114(2), 215. 

Lamm, H., & Trommsdorff, G. (1973). Group versus individual performance on tasks requiring ideational proficiency 
(brainstorming): A review. European journal of social psychology, 3(4), 361-388. 

Liu, T. Y., & Chu, Y. L. (2010). Using ubiquitous games in an English listening and speaking course: Impact on learning 
outcomes and motivation. Computers & Education, 55(2), 630-643. 

McLuhan, M. (1994). Understanding media: The extensions of man. MIT press. 

Monache, S. D., & Rocchesso, D. (2016). Cooperative sound design: A protocol analysis. In Proceedings of the Audio 
Mostly 2016 (pp. 154-161). 

Nijstad, B. A., De Dreu, C. K., Rietzschel, E. F., & Baas, M. (2010). The dual pathway to creativity model: Creative ideation 
as a function of flexibility and persistence. European review of social psychology, 21(1), 34-77.

Okhuysen, G. A., & Eisenhardt, K. M. (2002). Integrating knowledge in groups: How formal interventions enable flexibility. 
Organization science, 13(4), 370-386. 

Osborn, A. F. (1963). Applied Imagination: The principles and procedures of Creative Thinking. 1953. New York: Charles 
Scribner’s 

Perkins, D. N. (1981). The mind’s best work. Cambridge, MA: Harvard University Press. 

Reinig, B. A., & Briggs, R. O. (2008). On the relationship between idea-quantity and idea-quality during ideation. Group 
Decision and Negotiation, 17, 403-420.

Rietzschel, E. F., Nijstad, B. A., & Stroebe, W. (2006). Productivity is not enough: A comparison of interactive and nominal 
brainstorming groups on idea generation and selection. Journal of Experimental Social Psychology, 42(2), 244-251.  

Sawyer, R. K. (2010). Individual and group creativity. The Cambridge handbook of creativity, 366-380.

Shah, J. J., Smith, S. M., & Vargas-Hernandez, N. (2003). Metrics for measuring ideation effectiveness. Design studies, 
24(2), 111-134.

Simon, H. A. (1974). How Big Is a Chunk? By combining data from several experiments, a basic human memory unit can 
be identified and measured. Science, 183(4124), 482-488. 

Simonton, D. K. (2003). Scientific creativity as constrained stochastic behavior: the integration of product, person, and 
process perspectives. Psychological bulletin, 129(4), 475. 

Spencer, R. W. (2008). Group genius: The creative power of collaboration. Research Technology Management, 51(1), 62.

Stein, M. I. (1975). Stimulating creativity: Group procedures. Oxford, UK: Academic Press 

Tononi, G., & Koch, C. (2015). Consciousness: here, there and everywhere?. Philosophical Transactions of the Royal Society 
B: Biological Sciences, 370(1668), 20140167. 



94

Uz Bilgin, C., & Gul, A. (2020). Investigating the effectiveness of gamification on group cohesion, attitude, and academic 
achievement in collaborative learning environments. TechTrends, 64(1), 124-136.

Van Boeijen, A., Daalhuizen, J., Van Der Schoor, R., & Zijlstra, J. (2014). Delft design guide: Design strategies and methods. 

Williams, R., Runco, M. A., & Berlow, E. (2016). Mapping the themes, impact, and cohesion of creativity research over the 
last 25 years. Creativity Research Journal, 28(4), 385-394. z



95




