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For the subject research and design in Dutch secondary education, students work on projects
for real companies that can be found around their school. These companies often ask for new
and original designs, however my personal experience in the classroom has shown me that
students don’t always find it easy to properly brainstorm for these ideas. Thus the need for
more assistance with brainstorming arose. The students find it difficult to let go of the first idea
that comes to their mind or to come up with a larger variety of ideas. Furthermore, the
background of the teachers often lies in a scientific subject so it can be difficult for them to
properly guide the creative process of the students. The difficulties for the students and the
background of the teachers were the starting point for this research. In three phases a product
was designed to help the students and teachers of research and design: an investigation phase
to get a better understanding of the scope of the project, a design phase to come up with a
concept for the product and an evaluation phase where the concept is evaluated and an end
product is created. The end product is a board game that combines individual input with group
input through a game mechanic similar to the game ‘cards against humanity’. By playing the
game the students walk through a problem definition phase, a diverging phase and a
converging phase. The end result for the group of students is a list of twelve ideas for their
project that they have evaluated based on their projects’ list of requirements.
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In this project a product will be designed for students in Dutch secondary education that follow
the course research and design (‘onderzoek en ontwerpen’ in Dutch). This course was created
by the foundation Technasium that was founded by two parents who desired a more
challenging science education for their child. In research and design the students tackle real
projects that are sourced from companies surrounding the school (Stichting Technasium,
2020b). From year one to year six, the students develop various skills and gain more and more
freedom and independence within the projects they are executing as they progress through the
years. It is important to note that the way of working within the research and design classes
varies largely from traditional classes. Where in a traditional class the teacher will be
presenting the students with information they need to learn, in research and design the teacher
will guide the students to where they can find the answers they seek; the teacher has a
coachingrole in the classroom.

In the projects the students execute, they are often asked to come up with new and innovative
designs and solutions. A crucial step in fulfilling this requirement is to have a brainstorm
session where various ideas are thought of before making critical decisions about what will be
the best solution. However, personal experience in internships has shown me that some
students find this difficult, especially if they feel they already have one good idea; why would
they come up with more if they already have a solution?

The teachers that teach research and design often also teach another science subject, such as
physics, biology or chemistry. Therefore they usually have affinity with the subjects that the
projects revolve around, but may struggle sometimes with coaching the students in the
creative design process.

The issue with the students and the issue with the teachers were the initial motivation for this
design research project. | hope to lessen these issues with the design of a product that can be
implemented in research and design lessons. The primary target group for this product will be
students between the ages of 12 and 15, because these students are in the first three years of
secondary education (‘onderbouw’). In these years the students are working on developing
their research and design skills and will probably be interacting with the product the most. The
secondary target group is the teachers; since they will guide and coach the students in the use
of the product they will need a good understanding of the product and its purpose as well.

Sir Ken Robinson, an author, speaker and international adviser on education in the arts, argues
the following:

“Creativity is a function of intelligence and is as relevant to science, technology and the
humanities as it is to the arts; everyone has creative potential but developing it requires a
balance between skill and control and the freedom to experiment and take risks.”

- (Robinson, 2001)
Critical Quarterly, volume 43, page 45

Since research and design revolves around science projects | hope this product will also
contribute to the training of creative skills within this field and its students.



In this project the main research question will be: What kind of product can be designed to
stimulate creativity during the brainstorming phase of a research and design project?

To answer this research question this project will consist of three phases: an investigation
phase, a design phase and an evaluation phase. In the investigation phase a set of sub-research
guestions will be answered to lay groundwork for the design process of the product. These
guestions will be answered through desk research and interviews. The methods and results of
this phase can be found in chapter two. In the design phase the results of the investigation
phase are used to create a concept design of the product for research and design. How this
phase is executed and what the results are can be found in chapter three. In the evaluation
phase this concept design is tested and improved upon in three evaluation steps. The exact plan
for the evaluation and its results can be found in chapter four. After these phases a final
product is formed. An explanation of the product as well as a critical discussion can be found in
chapter five.



In this chapter sub-research questions will be answered in order to lay the foundation for the
design process later onin this project. To answer these questions, research has been done
through desk research and interviews with teachers. The methods for these research activities
as well as its results are discussed in this chapter.

In this phase the sub-research questions are answered through desk research and interviews
with teachers. These questions are:

What is creativity within the context of research and design?

How can creativity be stimulated in students between the ages of 12 to 157?

What contributes to making a brainstorming session productive/effective?

What products currently exist to spark creativity, specifically during brainstorming?
How is brainstorming and creativity currently taught?

LA W R

DESK RESEARCH

For the desk research the main focus is on creativity and brainstorming in general. Literature is
studied to get an understanding of how creativity can be defined in general (question 1), how
creativity can be stimulated within students (question 2) and what contributes to making a
brainstorm session effective (question 3). The Internet is also used to investigate the various
tools and products that already exist to spark creativity during brainstorming (question 4). The
results of this research serve partly as input of the design phase, as well as for the interviews
with teachers.

INTERVIEWS

To get a better understanding of how brainstorming and creativity are currently taught,
teachers are interviewed. Two secondary education research and design teachers as well as a
university teacher are spoken with to look at this topic from different teaching perspectives.
These teachers are, Benno Berendsen and Marieke ter Avest, who teach research and design at
two different schools, and Edwin Dertien who teaches at the Creative Technology bachelor
programme at the University of Twente. This programme puts a lot of emphasis on design and
creativity as well as computer science and electrical engineering. Topics that are discussed with
both groups include how they teach brainstorming and creativity (question 5), what elements
they find most important for a productive brainstorming session (question 3) and what initial
ideas they have for a product that can assist in creativity and brainstorming. Furthermore, with
the research and design teachers it is discussed what creativity means within their subject
(question 1). The interviews consist of two parts; a semi-structured and an unstructured part
(DiCicco-Bloom & Crabtree, 2006). The semi-structured part contains questions regarding the
experiences of the teachers with teaching creativity and brainstorming as well as their personal
opinion on what important elements are in this process. The questions serve as a guide for the
interview and leave room for new follow-up questions to arise. The unstructured part of the
interview contains one question regarding the teachers’ ideas on what a brainstorming product
could look like. The teachers are invited to explain any and all ideas they have and a small
discussion or brainstorm of these ideas follows. These structuring questions for the interviews



are collected in an interview plan. Since there are a few differences between the questions for
the secondary education teachers and the university teachers, two separate interview plans
are created. They can be found in appendix A1 and A2. For the analysis of the interviews, the
audio of the interviews will be recorded in addition to notes that will be made during the
session. These mediums help to identify important and meaningful quotes. These quotes are
categorized into overlapping themes, which is also known as open coding (Burnard, 1991). The
various ideas mentioned for the product will be listed and themes in the answers will be sought,
thus categorizing the ideas. These ideas and themes will also serve as input for the design
phase.

REQUIREMENTS

At the end of the investigation phase a list of requirements is constructed using the MoSCoW
method (Waters, 2009). This method categorizes the list of requirements into ‘must have’,
‘should have’, ‘could have’ and ‘won’t have’. This list of requirements will be used to evaluate
the concepts at the end of the design phase as well as the end product of the project.

The results from the abovementioned methods are described in this paragraph by answering
the sub-research questions.

WHAT IS CREATIVITY WITHIN THE CONTEXT OF RESEARCH AND DESIGN?

Creativity can be a term that is hard to define. It can be an attribute of a person, a process or a
product (idea) (Fisher & Williams, 2004). It is argued that Stein (1953) was the first to define
creativity (Runco & Jaeger, 2012). He explains that creative work is novel and accepted as
tenable and useful by a group at some point in time. He further explains that novel means that
the creative product in this exact form did not exist previously. Ken Robinson (2007) defines
creativity as ‘the process of having original ideas that have value’. Sternberg (2001) defines
that creative ideas are not only high in quality, but also novel. Fisher and Williams (2004)
further define this novelty or originality in three categories: individual originality ('l have never
thought this before’), social originality (‘we have never thought this before’) and universal
originality (‘'nobody has ever thought this before’). In research and design, students are often
asked for universally original ideas. It might be the case that the students feel that their ideas
are very novel, but upon further research the ideas were only personally or socially original. It
is therefore important that the students execute a proper research before starting the
brainstorm session. Every research and design project has a client for which they are executing
the project. Therefore the ideas need to be novel for the client as well. We could then state that
for research and design originality lies somewhere in between social and universal originality,
because not only the group of students as well as the client need to agree on the uniqueness of
the idea. In the interviews with the research and design teachers it was mentioned that it can
be quite hard for the students to achieve this level of originality, because it is often easier for
them to stay with ideas they are familiar with. They hope the product to be designed can help
the students to think of more universally original ideas.

HOW CAN CREATIVITY BE STIMULATED IN STUDENTS BETWEEN THE AGESOF 1210 157
The KPA theory states that creative response comes from three key factors: knowledge,
processing ability and attitude (Santamarina, 2003). By stimulating these three factors



creativity can be enhanced. Knowledge means that the problem and the context of the problem
are clear so that creative solutions can be found within this domain. This can be done by doing
research on the Internet or looking at books and magazines. Processing ability means the
ability to solve the problem is properly facilitated and executed. This is usually where a
brainstorming phase comes in so creative ideas can be thought of structurally. Santamarina
(2003) also identifies some techniques; clearly state the problem to be solved and mutate it,
simplify, magnify, put it in a different field, etc. Lastly, attitude regards the right mindset that is
needed to be creative. Being aware of your personal attitude can stimulate this. Furthermore,
being mindful of avoiding existing solutions, being positive and yet critical. Self-evaluationis a
critical element in this.

WHAT CONTRIBUTES TO MAKING A BRAINSTORMING SESSION PRODUCTIVE/EFFECTIVE?
Within the context of research and design, students usually work together in a group of around
four to six people. Therefore when looking into the effectiveness of brainstorming, we will be
focusing on brainstorming with a group this size. When it comes to brainstorming in groups
very contrasting opinions exist. On the one side it is believed that brainstorming is more
effective when done individually (Mullen, Johnson, & Salas, 1991; Stroebe & Diehl, 1994;
Sutton & Hargadon, 1996), because the amount of ideas that are generated is lower in a group
setting. Extensive research has been done on what causes this productivity loss. For example,
Diehl & Stroebe (1987) state three causes;

1. Evaluation apprehension: people may worry about the opinions of others and therefore
do not express their opinion.

2. Free-riding or social loafing: in a group it is easy to lean on others and the accountability
is lower.

3. Production blocking: when listening to others opinions you do not keep your own
thought process going to generate new ideas.

Other sources that state causes for this productivity or effectiveness loss speak of similar or
related issues, but | feel these three points summarize it well. On the other side of this issue, if
we broaden our perspective on what effectiveness is and also take into account the originality
and quality of the ideas that are generated, it is argued that group brainstorming is in fact more
effective. This is because the ideas that are generated are more unique or original than those
created individually (Brown & Paulus, 2002; Sutton & Hargadon, 1996). Especially when
switching between individual and group brainstorming, the quality of the ideas can be
improved significantly (Brown & Paulus, 2002). Personally | feel this last point is very
important. There is overwhelming evidence that individual brainstorming is more effective in
terms of the amount of ideas that are generated. However, the quality of the ideas increases
when also introducing the group aspect. Therefore | feel that a brainstorm will be most
effective when individual and group elements are combined.

Next to looking at group versus individual brainstorming we can also look at the activities that
take place within the brainstorm session to determine its effectiveness. An important factor in
this is the mindset of the participants. The Creative Education Foundation (2015) lists four core
principles of creative problem solving that are applicable in brainstorming sessions:



Divergent and convergent thinking must be balanced
Ask problems as questions to invite solutions

Defer or suspend judgement

Focus on ‘yes, and..." rather than ‘no, but...’

LS INE .

In these four points we see that mainly the judgment of ideas in this phase is not welcome,
something the research and design teacher mentioned can be very difficult for the students. To
improve the effectiveness of the session openness from participants is needed so all ideas are
welcome and everyone can also feel that they are allowed to say anything that comes to mind.
Osborn (1953), who is a big inspiration to the Creative Education Foundation, adds to this that
guantity of ideas is wanted as well as to combine and improve on ideas that are suggested, thus
creating more ideas. This also ties in with combining individual input with group input;
individual input can be used to create quantity and group input can be used to improve and
combine ideas.

WHAT PRODUCTS CURRENTLY EXIST TO SPARK CREATIVITY, SPECIFICALLY DURING

BRAINSTORMING?

Many tools and techniques exist for brainstorming. When searching for such techniques,
usually a list of steps for a session is provided which can be followed alongside a list of needed
materials. For example the stepladder technique (Mind Tools, 2020):

Step 1: Before getting together as a group, present the task or problem to all members. Give
everyone sufficient time to think about what needs to be done and to form their own opinions
on how to best accomplish the task or solve the problem.

Step 2: Form a core group of two members. Have them discuss the problem.

Step 3: Add a third group member to the core group. The third member presents ideas to the
first two members before hearing the ideas that have already been discussed. After all three
members have laid out their solutions and ideas, they discuss their options together.

Step 4: Repeat the same process by adding a fourth member, and so on, to the group. Allow
time for discussion after each additional member has presented his or her ideas.

Step 5: Reach a final decision only after all members have been brought in and presented their
ideas.

For educational contexts or projects within research and design, these tools consisting of steps
also exist. A large collection of tools can be found from the Creative Education Foundation.
They also define in which part of the design process the tool can be used and for what purpose.
Many variations of the design process have been thought of and visualised. The Creative
Education Foundation defines four phases: ideate, develop, implement and clarify. This
distinction between phases is important, because within research and design brainstorming
usually occurs when generating product ideas and, for example, not when exploring the scope
of the subject. Therefore tools that can be used within research and design need to fit in this
stage of the process.

While most techniques use a pen and paper and sometimes some post-its, not a lot of physical
products exist that are specifically meant for brainstorming. When looking into such physical



products that are meant to give input to the session, various card decks were found. Examples
of these are Triggers (Triggers, 2020), brainstorm cards (Board of Innovation, 2020) and the 75
tools for creative thinking (Studio Booreiland, 2020). What these cards have in common is that
they have divided the cards into various categories. Triggers provide nine decks with different
themes for different types of projects. For example they have a brand strategy deck to
brainstorm about a new brand or to expand the brand you are working with. They also have a
machine-learning deck to brainstorm about a new project or product that works with artificial
intelligence. The brainstorm cards by the Board of Innovation are split into four categories;
customer trends, marketing trends, regulation trends and technological trends. They provide a
short, three step explanation: define the challenge or problem, draw a card and brainstorm
individually, share with the group and build on the best ideas. The 75 tools for creativity
contain 5 decks of cards: get started, check around, break it down, break free and evaluate &
select. In contrast to the other two card games, these decks seem to be applicable not only to
corporate situations, but also to other projects that need creative input. During the interview
with Edwin Dertien a deck of cards called ‘user innovation toolbox’ was brought to the table.
Although this deck was not necessarily meant for brainstorming, Edwin Dertien did show what
was possible with a deck of cards during a brainstorm. Quickly sorting through the deck and
filtering out cards that you think are interesting or useful for the project can generate some
input for a brainstorm very quickly. In this case it is also very useful that the group is working
with a physical product; everyone in the group can sort through the same deck and filter out
different things they find important, but it also makes it easier to share the elements you find
important with the group.

When looking at tools that are used currently within research and design, it was interesting to
see that both teachers spoke of the same techniques. This is due to a training by Stichting
Technasium on creative thinking that both teachers had done. Some of the tools they
mentioned were:

¢ A mindmap: a central theme or problem is put in the middle of a piece of paper. The
participants in the brainstorm think of elements related to this and write them all down
around the central element. These new elements connect to other elements and thus
the paper can be filled with various ideas and concepts. Next to that the various ideas
can be combined to form new ideas. An example of a mindmap can be found in figure 1.

Figure 1: An example of a mindmap. (Xmind, 2020)

* COCD box: The COCD box is a way to evaluate ideas that is developed by Mark Raison
in 1997 (Demos, 2020). After generating ideas the participants can judge the ideas



based on their feasibility and originality. The box has four quadrants: 1) feasible and
common ideas, 2) feasible and original ideas, 3) not (yet) feasible and original ideas and
4) not (yet) feasible and common ideas. Next to being an evaluation tool, the box can
also assist in showing which quadrant is not yet explored enough. For example, if the
project calls for very original ideas and its feasibility is not very important to the client,
than the third quadrant needs to be filled appropriately. An example of a COCD box can
be found in figure 2.
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Figure 2: An example of a COCD box. (Visual Paradigm Online, 2020)

What would your superhero do?: This is a very short technique to get students to look
at the problem from a different perspective. By asking the students to think of their
favourite superhero and placing them in their shoes they will come up with new, and
hopefully creative, insights.

Morphological chart: In a morphological chart the core problem of the project is
divided into subproblems. The subproblems are listed underneath each other on the
left side of a piece of paper. After that the various solutions are thought of per
subproblem and written down or drawn next to the respective subproblem. From there
the various solutions per subproblem can be combined in different ways thus creating
different concept solutions. This tool helps to break down the design problem by first
designing subelements and combining these. It can be easier to think of solutions to
smaller problems than to try and solve the whole problem at once. This tool works
especially well for projects where a physical product needs to be designed. For example
a desk chair of which an example can be found in figure 3.
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Figure 3: An example of a morphological chart. (Fougéres & Ostrosi, 2011)

The last tool that is important to discuss is the SCAMPER method, because elements of this
tool can also be found in some of the previously described tools. SCAMPER stands for:

* Substitute: Replace a part of the idea with something else

¢ Combine: Combine different elements to make a new (and better) idea

* Adapt: Adjust the idea to fit a new purpose

*  Modify: Change something about the idea and see if it improves, for example magnify
or minify an element

* Put to another use: Take something that was intended for a specific use case and put it
in a new context

* Eliminate: Remove an element of the idea

* Reverse: do things the other way around, change it completely against its purpose

This method helps generating ideas by using one of the letters to change the idea or elements
of the idea that is being discussed. By distinguishing between these different ways in which an
idea can be changed the brainstorming becomes more structured and participants are tickled
to steer ideas in different directions. What is interesting about this method is that some of
these elements can be found in other brainstorming tools as well. For example, combining is
also done in the morphological chart; by combining different element of subproblems, new
ideas are generated. Adapting is also done when asking the question; what would my superhero
do? By looking at the problem from a different perspective you adapt the idea to that view. The
combination of these various ways of changing and shaping ideas in a brainstorm makes it a
very powerful tool that is also general enough to apply to a lot of different project subjects.



HOW IS BRAINSTORMING AND CREATIVITY CURRENTLY TAUGHT?

With the university teacher Edwin Dertien various ways in which brainstorming and creativity
are taught were discussed. One of the key points in this is to practise and repeat. By practising
various brainstorming techniques and repeating the process over and over, the students will
train this skill and eventually are able to structure brainstorming sessions themselves. When
training this skill it is especially important for the students to experience how to go further
when they feel they have already thought of every idea. When pushing past this point and
forcing yourself to come up with more ideas, the creativity ‘muscle’ is trained. Creative ideas
will come to the surface, because the only way to come up with more ideas is to think of
abnormal ideas. Furthermore, for starting up the right mindset needed for productive
brainstorming, it was mentioned that energizers could be used. Through these energizers the
group can get adjusted to each other and the way of working.

Teaching brainstorming and creativity within research and design was discussed with the
teachers of the subject. At the first school there was no programme in place to teach students
these skills. The students are asked to come up with multiple ideas in the projects, but the way
in which they have to do so is not structured or trained. When groups experience problems in
this part of the project they receive coaching from their teacher. The teachers use tools and
techniques from a training by Stichting Technasium they have done in the past (Stichting
Technasium, 2020). In this training the teachers practise various techniques so they can pass
these on to their students. If a group of students is struggling with brainstorming, the teacher
presents the group with these techniques to help them along. At the second school a plan to
train the students in brainstorming and creativity is in place. They have a workshop moment in
the second year where they practise various techniques with the students in groups. In this
workshop the teacher presents how a technique or tool works to the entire class, after which
the students practise this in groups. This is repeated for several techniques. The choice of these
techniques also comes from the training by Stichting Technasium, so the types of tools and
techniques that are being used are the same, but at the second school a way to train them is
also put in place.

Lastly, important elements for brainstorming within research and design were discussed with
the teachers. They expressed that the independence of the students is very important within
the subject; therefore students should be able to determine for themselves when and how they
will execute the brainstorming process. It is also important that everybody in the group
participates in the idea generating process so that more ideas can be generated and everyone is
properly engaged in the project. Furthermore, they dislike the use of digital products for
brainstorming. It is harder for everyone in the group to get involved if everyone needs to look
at the same screen and the use of phones, tablets or computers also brings in a lot of unwanted
distraction.



After the desk research and interviews a list of requirements for the product was formed. This
list is formed based on the MoSCoW principle (Waters, 2009) that divides the requirements
into four categories: must have, should have, could have and won'’t have. These requirements
can be found in table 1.

Table 1: Requirements specification

Must have .
Should have .
Could have .
Won't have .

Interaction with the entire group that is participating in the brainstorm
A physical component for the students to interact with

A way to push students past their initial (standard) ideas and engage
creativity

Stimulating quantity over quality in idea generation

A connection between the students’ preliminary research and the
design process

Every student individually needs to engage in the group brainstorm

A way of working that is general enough to apply to any research and
design project, regardless of its subject

An element that records the ideas generated during the brainstorm

A digital component or element that requires a smartphone or computer



In this chapter the methods for the design phase as well as its results are described.

In this phase the information gathered in the previous phase will be used to generate product
ideas and eventually design one final product. It consists of an idea generation session, the
evaluation of the results from the session, a concept design phase and eventually a final
concept design.

IDEA GENERATION SESSION

The aim of the idea generation session is to come up with various product ideas. The session is
executed with a group of four people who all have experience with designing and
brainstorming as well as teaching in secondary education, due to a bachelors degree in Creative
Technology with a minor ‘learning to teach’. With this background the participants have a good
understanding of the context in which the product will be used as well as the primary target
group. The session consists of three parts; an introduction, brainstorming and evaluation.

Before the day of the session, the participants are sent a document with the introduction to the
session (appendix B1). This document explains the structure and way of working of the course
research and design as well as the most important results from phase one. Lastly, the aim of the
session is introduced. At the beginning of the session the participants get the opportunity to
ask questions about the scope in which the product should fit, after which the brainstorming
starts. Although this is a very free part of the session, there are a few tasks that are executed.
The session starts by taking five minutes to individually write down several ideas. Quantity is
more important here than the quality of the ideas. To inspire the participants various objects
are present on the table. These objects are:

The game Carcassonne
The game exploding kittens
A small cardboard box
Knitting needles
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Furthermore, four brainstorming tools are printed on paper to serve as inspiration. These tools
are:

A COCD box

The SCAMPER method

A morphological overview
A mindmap

SIS

An image of what all the tools look like can be found in figure 4.
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Figure 4: Tools to spark creativity for the idea generation session

These objects are selected based on their difference in use, shape and color. Once the five
minutes are up, the participants share all the ideas they wrote down. From here discussion
commences to come up with various ideas for the product (diverging). When the group
collectively has decided that enough ideas are generated, converging starts to make ideas more
concrete and come up with ideas that fit the list of requirements. The session ends with
concluding which idea is best suitable and its pros and cons.

CONCEPT DESIGN PHASE

Using the list of requirements created at the end of the investigation phase, the results from
the brainstorm session are evaluated. Based on the level of fulfillment of the requirements, one
concept is chosen to further elaborate upon. Various iterations of this concept are created and
evaluated using the list of requirements. One iteration is chosen to develop into a prototype
that can be used in the next phase, thus creating the final concept design.

The first part of the session was executed following the method explained in paragraph 3.1,
however later on the course of the session naturally changed in order to provide the
participant with the necessary background information to think of ideas that would fit the
brief.

The initial ideas from the individual brainstorm in the first five minutes varied greatly from very
specific to more general ideas of what should be different within research and design to make
the brainstorming more productive. The raw results from the individual brainstorm can be
found in appendix B2, a summarized overview of what the participants came up with
individually can be found in table 2. The elements that were discussed most throughout the
session are written in bold.



Table 2: Overview of the individual results of the idea generation session

Participant 1

Two mindmaps were made, one with ideas
from the students’ perspective and one with
ideas from the teachers’ perspective.
Students:

e Start by working individually

* Aphysical object to aid the process

e Use of hierarchy in the group

Teacher:

* Aboardwithideas thatis presentin
the classroom for a longer period of
time

e Start with an example for the class

* Change the setup of the project to
force more than one idea from the
students. Taking away the concrete
end goal of the project so that they
have no parameters to evaluate ideas
with.

* Have the client of the project present
at the school so questions can be
asked.

Participant 3

‘Grabbelton’, one with the SCAMPER
elements, one with important key words from
the preliminary research. One element from
each box is grabbed and the SCAMPER
element needs to be applied to the key word
of the preliminary research.

Card game: a deck of cards with the
SCAMPER elements. By taking turns
everyone in the group works on an idea and
the idea is modified a little bit each time
depending on which letter is on the card.

A character/figurine, depending on the
character you have you behave differently in
the group

Dice game, the number on the dice indicates
what kind of action you have to take.

Participant 2
Post-its, rounds of 2 minutes:
1. Have a problem to start from
2. Divide the problem in max. 5 elements
3. Individually come up with max. 5
solutions per element
4. Remove solutions through group
discussion using restrictions.

Cards against humanity with problems and
solutions

Role-play, each role has different rules they
need to adhere to.

Participant 4

A board game similar to ‘ganzenbord’.
Through following the board the rules of
brainstorming are made clear to the students.
For example, aninstruction assigned to a
square could be ‘make a mindmap of the
problem’ and certain rules would apply here
such as ‘don’t kill ideas of other people’. The
various phases of brainstorming could also
be made clear on the board. For example an x
amount of squares are about diverging
methods and an x amount of squares are
about converging methods. Through this the
game would end with a more concrete idea.

Allideas of the individual part were discussed which led to a more general discussion on what
the most important parts of the problem were that needed to be solved by the product. This
means that from this point the brainstorm session deviated from its original plan as described
in paragraph 2.2. Through discussion and elaboration on what research and design is about and
what the students would need, eventually one concrete idea of a product was formed instead
of several ideas. Personal experiences with learning how to brainstorm were also important



input during the discussion. The discussion led to three elements that the group felt important
to guide in order to improve the brainstorming and creativity of the research and design
project groups:

1. Problem definition and context of the issue: If the problem and context of the project
are not clear, there is not a proper starting point for the brainstorming to start. This
was also a problem that arose during the interviews with the teachers. Although the
students always execute a preliminary research for the project, they do not use this as
fuel for their creative process.

2. Theright mindset: As mentioned before in the investigation phase, the right mindset
during the brainstorm is key to having a productive session. This means that
participants don’t evaluate their ideas immediately, but rather build on them to make
them better. This also ties in with quantity over quality; idea generation must be
maximized before evaluation of the ideas. To establish this the participants must stay
away from a ‘yes, but...” mentality.

3. The process: This partly ties in with the right mindset of not immediately evaluating
ideas. By making sure the product makes the brainstorming process visible and clear,
the right mindset might be easier to establish.

Next to these three key elements, it is also important to note that games were also mentioned a
lot during the brainstorming session. A few card games and board games were mentioned in
the individual brainstorm. ‘Gamifying’ the product, and thus the brainstorm, helps to make
practicing this skill fun and can also help with making important elements of brainstorming
clear. For example, by implementing a punishment,

such as losing a point, for saying a ‘yes, but...’ What is Cards Against Humanity?
statement makes it clear that this is not wanted
during this part of the brainstorm. There is than an
incentive for the participant to adhere to this rule,
because losing a point might mean not winning the

It is a party game in which the participants
complete fill-in-the-blank questions. Each
round, one player asks a question from a black
card, and everyone else answers with their

game.

funniest white card. The person who pulled the
By combining the three key elements and using the black card determines the winner of the round.
game Cards Against Humanity (Cards Against An example can be found in figure 5.

Humanity, 2020) and ‘Ganzenbord’ as inspiration, a
more concrete idea was formed.

As can be seen in the table, role-play was also discussed
extensively throughout the session. This can be a useful tool in
forcing students to think a certain way, for example when trying
to combat premature evaluation of ideas. At some point the idea
to use the six thinking hats (De Bono, 2017) was discussed.
There would be physical hats or props that represented the six
ways of thinking. The student would have to act according to his ~ Figure 5: Cards Against Humanity example
or her hat during the session, thus creating the right mindsets.

However, this concept was eventually dropped. When trying to combine role-play with a

physical product (hats and other props, figurines, cards, etc.) all ideas felt a bit too silly to

execute with the target group. It might be hard for them to take the activity of brainstorming




still serious and to properly consider its outcome if the activity feels more like an act than an
effective method to come up with more and new ideas. Next to that some students might feel
uncomfortable with acting different than their own personality. A different more subtle way of
creating the right mindset was found. This will be explained in the next paragraph.

THE FINAL IDEA OF THE IDEA GENERATION SESSION

The brainstorm game is played on a board. There is one pawn that represents where the group
isin the process. The board is divided into three sections each referring to a different phase in
the brainstorming process: the problem definition phase, the diverging phase and the
converging phase. Every phase has its own deck of cards with questions or statements that
need to be answered by the students. Between the phases and at the end of the board is space
reserved for the result of each phase. The result of the previous phase is included in the next
phase. This is done by including cards in the deck that state ‘describe an idea where result 2 and
result 4 are combined’, for example. Several rounds per phase are played; every round has the
following steps:

1. One person takes a card from the deck and reads the question or statement out loud

2. The other people in the group individually all write down their best, most interesting or
most creative answer to the card.

3. The person who took the card from the deck reads all the answers out loud and chooses
the answer he or she thinks is the best.

4. This answer is placed in the ‘results’ part on the board of the phase. The card that was
pulled from the deck goes to the person who wrote the best answer, indicating this
person has gained a point.

5. The pawn is moved a spot to indicate a new round has started and to keep track of
where the groupis in the process.

If a student makes a ‘yes, but...” comment during the diverging phase, this person has to hand in
a statement card, thus losing a point. The person with the most statement cards at the end wins
the game.

A general layout of the board that was drawn during the session can be found in figure 6.
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Figure 6: Overview of the playing board made during the idea generation session

To further clarify this image and its elements a schematic overview of the board can be found in
figure 7.

Problem definition Diverging phase Converging phase

Figure 7: A schematic overview of the playing board that was made during the idea generation session

At the end of the brainstorm session this idea was evaluated by listing the pros and cons of this
idea. These pros and cons can be found in the table 3.



Table 3: Pros and cons of the concept

Pros Cons

* The game includes the three phases * The person who judges which input is
that are important in a productive the best needs to do this with the right
brainstorming session mindset

* Theresult of a previous phase feed e Anindividual wins the game, not the
the next phase group

* The game includes individual input * Inthis concept there is no group input
from all members of the group implemented

* The preliminary research is
summarized in the problem definition
phase thus creating a good starting
point for the brainstorming.

* Theresults of the brainstorm are
documented through the ‘results’
sections on the board

e With the cards in the diverging deck
the students are subtly forced to
come up with creative new ideas

e By punishing ‘yes, but..." statements
the students have an incentive to stop
their immediate evaluation of ideas.

When comparing this idea with the requirements specification in paragraph 2.3, it became
clear that this concept would be able to fulfill the requirements. It is a physical product, without
any digital components, that requires everyone in the group to provide individual input. The
phases in the game make sure that the students first have to come up with ideas before they
can evaluate them (quantity over quality). The ideas are recorded by writing them down and
the preliminary research in used in the first phase of the game. The expectation is that students
will have to push past their initial ideas with this game, because they are forced to come up with
multiple ideas before they can move on to the converging phase. If the game is general enough
to apply to many different research and design topics is investigated further in the evaluation
phase.

The results as described in the previous phase have been used to develop a first concept that
will be evaluated in the next phase, the evaluation phase. For this concept the focus was on the
layout of the playing board and the questions and statements that would be on the decks of
cards. Some other variations were thought of as well before arriving to the concept as
described in this paragraph. These variations can be found in appendix B3. Eventually this
concept was chosen to further develop for the evaluation phase, because it contained the full
brainstorming process, but did not have too many extra elements or steps that would make the
game too complicated.



THE PLAYING BOARD

The playing board has to accommodate for the various phases that are included in the
brainstorm as well as the input that is given by the participants. To make enough room for the
latter the board is made at an A2 format (42.0 by 59.4 centimeters). The spaces where the
results are collected are large enough to fit a standard post-it size. A post-it has enough space
for the students to explain their thoughts but is also limited in space so enough results can be
collected easily. Next to that the sticky side will help to keep everything organized. It is also
clearly indicated on the board where and how many results are collected with numbers. The
converging phase contains many more steps than the problem definition and converging phase,
because the goal of this phase is to collect a lot of different ideas. To fit all these ideas the
results section of this phase is structured a little differently, but by alternating left and right
most of the results are hopefully still readable. The layout of the board as explained can be
foundin figure 8.

Figure 8: Concept version of the playing board

The design of the board is purposefully kept minimalistic to make sure that even though this is a
game, the students still feel that this is a meaningful activity to help improve the results of their
project.

THE CARD DECKS

The driving forces of this product are the card decks. Next to that the results of one phase
should be applicable to the cards of the next phase. Therefore the questions and statements of
these cards should be well thought through. In table 4 the questions and statements per card
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deck are listed in English. On the eventual product these will be written in Dutch. X and Y stand
for the number of a result from the previous phase, which relate to the numbers on the playing
board. Therefore the same question is in the card deck multiple times but with all possible

combinations of the results or for every result one card.

Table 4: Questions that are included per card deck of the game

Problem definition deck
Name a keyword that
describes (a part of) the
problem

Describe the target group

Name a keyword that applies
to the context of the problem

Which element would you
like to see in the end result?

Diverging deck
Describe an idea where result
XandY are combined

Describe an idea where result
Xis very big

Describe an idea where result
Xis very small

Describe an idea in which
result X does not fit

Converging deck
Describe which idea is the
most realistic

Describe which idea is the
most creative

Describe which idea is the
most interesting

Which idea is the cheapest to
execute?

Which idea is the most
expensive to execute?

Which idea is the most
suitable for the user?

Which idea is the most
suitable for the producer?

Describe which idea is the
easiest to use

The effectiveness of these questions and statements is evaluated in the next phase.



In this chapter the methods for the evaluation phase as well as its results are described.

In the evaluation phase the prototype from the previous phase is tested and evaluated. Due to
the COVID-19 outbreak it was no longer possible to evaluate the prototype with the primary
user group, the research and design students. A different method had to be used to draw a
conclusion about the effectiveness of the product. This method consists of three smaller
evaluations. Firstly, a digital survey to analyze the questions and statements present on the
different card decks of the product. Secondly, two expert reviews with research and design
teachers to discuss how this product would fit in their subject. And lastly, a test session where
three people use the product to distinguish if there are any practical issues in using the product.
After every evaluation the product is improved and the improved version is used in the next
evaluation. Below these three steps are further explained.

The original method to evaluate the product with students can be found in appendix C1.In an
ideal scenario this evaluation would also be executed to get a proper understanding of how the
primary target group would use and experience this product.

DIGITAL SURVEY

The goal of this survey is to gain insight into what answers will be given to different types of
guestions and statements. These questions and statements come from the card decks that are
included in the product prototype. Since the answers to one set of cards will be used as input
for the next set of cards it is important that the answers given can connect to the next set of
guestions and statements. Since different minds will come up with different answers, the
survey is shared with as many people as |, as researcher, can reach to gain as many different
answers as possible. Another benefit of spreading this survey among acquaintances is that
participants have the ability to easily contact the researcher with questions regarding the
survey. Especially since this survey has a different approach than a ‘traditional’ survey, because
the focus is more on the questions rather than the answers of the participants. To make sure
nothing will get lost in translation, the survey is constructed in Dutch since the product is
meant for Dutch secondary education.

In total the survey consists of six parts:

1. Anexplanation of the goal of the research. It is also made clear to the participant that
there are no right or wrong answers in this survey, it is meant to collect insight in
different types of answers.

2. The participant is presented with a hypothetical research and design project. The
preliminary research that the students normally execute is already done for the
participant and the results of this research are written out. The participant has to read
this information thoroughly to answer the questions that follow.

3. The participant is presented with a set of questions and statements that are meant to
summarize the problem and its context.



4. Asetof hypothetical results from the previous phase is presented to the participant.
The participant answers questions and statements that ask them to come up with
various ideas that are derived from these results.

5. Lastly, the participant is presented with hypothetical results from the previous phase.
They have to answer questions and statements regarding the evaluation of these
results.

6. The survey comes to an end. There is a space where participants can leave any
additional comments or thoughts they have on the survey or the project.

The complete list of information given and questions asked can be found in appendix C2.

The hypothetical results that are mentioned throughout the steps, are thought of by the
researcher beforehand. In this way every participant works with the same input so answers can
be compared properly.

The project that the questions and statements are applied to is derived from research and
design projects that were provided by two research and design teachers. They were asked to
send in two projects that they felt would benefit from a brainstorm product. The first project
was about designing an art work that uses kinetic energy. The second project revolved around
designing an escape room. The third project was about designing an activity for an outdoor
adventure park that was appropriate for winter. The last project was about designing solutions
for the Thalys train to prevent terrorism. What these projects had in common is that they all
had a strong creative factor. The client who supplied the project was looking for new and
unique solutions to their problem. The project that was used for the digital survey was the one
about the escape room, because this is a subject that is used in research and design projects
quite frequently. It also has a lot of room for creativity so it can be tested how well the
guestions and statements of the survey spark creative answers. The project as it is presented
to research and design students can be found in appendix C3. Before the brainstorm that is
implemented in the project, the students have to research three topics: an orientation on
existing escape rooms, deciding on a theme for the escape room and an orientation on technical
possibilities within escape rooms. The last topic is included, because it is a mandatory
requirement to include a puzzle with a technical element in the end result. For the digital
survey these topics were researched and its results presented for the participants to use. The
project description includes specific ways to display the results of these research topics
(flowchart and mindmap), for the digital survey these results are summarized in text.

The questions are evaluated based on how specific or vague the given answers are, as well as
the researchers opinion on the usability of the answer if the answer would be given when
playing the game. It is expected that a balance between specific and vague answers needs to be
found, because specific answers may be easier to incorporate into an idea or to evaluate, but
more vague answers will also challenge the students to be more creative and interpret the
answer how they see fit. However, if an answer is so general or vague that it could apply to any
idea, than it will not be useful in the game.

EXPERT REVIEWS WITH RESEARCH AND DESIGN TEACHERS
To get a better understanding of how well the product would fit its intended context, research
and design education, two research and design teachers are interviewed. These teachers are



the same as the teachers from the investigation phase. Therefore they are aware of the project
and its purpose. Before the expert review session, a summary of the final product is sent to the
teachers. This is done through images and supporting text, providing a clear image of what the
product looks like and how it can be used. The expert review starts with answering any
guestions the teachers have about the product if any parts were unclear from the summary
sent. After this an open question is asked: what would a project in your classroom look like if
you had this product? This starts a discussion where the usability of the product, its features
and pros and cons are discussed.

TEST SESSION

To assess the practical usability aspects of the product, three people who have not been
involved in the design process of the product, use the product in a test session. This ensures
that they are unbiased and still have to figure out how the product works. The participants are
asked to prepare for the session by doing preliminary research on the subject they will be
brainstorming about, just like a research and design group would. The information is provided
in the same format as the research and design projects to mimic a real research and design
situation as much as possible. The project that is used for this session is provided by a research
and design teacher and revolves around designing an activity for an outdoor adventure park.
The session starts by briefing the participants on the goal of the session (getting insight in the
practicality of the product) and they are asked to place themselves in the shoes of research and
design students. Then the session starts; the participants are presented with the product and
its manual and are asked to use it to come up with ideas for the project. To evaluate the clarity
of the product and its instructions the researcher interferes as little as possible during the use
of the product. The researcher observes and makes notes on important aspects of the usability.
When the participants have finished an evaluation follows in which the participants give their
opinion on the usability of the product. This focuses on three main aspects: the clarity of the
instructions, the clarity of the cards and the effectiveness of the brainstorm session.

The participants in this session are university students, two of which have experience with
brainstorming. This makes them quite different from the intended target group; research and
design students between 12 and 15 years old. The participants in the test session are more
experienced in brainstorming than the target group. However, they can also use their
experience to form a more educated opinion on the effectiveness of the tool. Furthermore, the
main goal of the session is to determine if there are practical usability issues with the product.
Since usability applies more general to people and not necessarily to specific age groups, this
session can provide some useful insights in this regard.

23 people completed the digital survey. 78.3% of the respondents were between 21 and 30
years old, 8.7% between 0 and 20 and between 51 and 60. The last 4.3% was above 60 years
old. 65.2% of the respondents was female, which leaves 34.8% male. The respondents scored
their creativity a 3 (4.5%), 6 (13.6%), 7 (45.5%) and 8 (36.4%) making the average score for
creativity a 7.05. In general the survey received very mixed reactions. Some people got in
contact to stress that they found it very difficult to come up with answers whereas others
expressed that they enjoyed the survey very much and found it creative. This mixed reaction
can also be found in the answers that were given. When looking at the results it was not always



immediately clear how the participant came up with this answer for this question. However this
is not a problem, because it is more important that the result will fit the next phase of the
project. Next to that not all answers have to fit perfectly. When the questions are aske<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>