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To our children,
for it is not just about creativity:

It’s about the person you’re becoming
while you’re creating.





Abstract

This thesis starts from the premise that children are creative. The research
supports professional designers to incorporate children’s creativity in a design
process by (1) supporting grounded decisions on which activities to execute in
the design process that best facilitate the creative powers of children and (2)
by a better understanding of the creativity of the solutions generated by and
with children. To support the selection of design activities we developed the
Multiple Intelligences, Design Methods and Children’s Creativity (MIDMACC)
framework. The framework matches design methods with the skills required
to perform design methods. The skills are based on the Theory of Multiple In-
telligences by Gardner (1999). Some examples of skills are: linguistic, bodily-
kinesthetic, mathematical etc. By framing design methods in terms of required
skills, the framework can help designers to identify design methods that max-
imize the available design space with children, based on children’s skills. Using
a Research about Design approach we have conducted one study to categorize
design methods, two design studies to compare design methods based on the
quantity of design solutions and two empirical examinations to evaluate nov-
elty and creativity of design solutions generated by children. This thesis made
some first steps in setting up and validating the MIDMACC framework. We have
compared design solutions generated by children from a Nominal Group Tech-
nique (a form of Brainstorming) with those from Prototyping and those from
Simulation/Roleplay with those from How-How Diagramming. To evaluate the
resulting design spaces, we experimented with creativity measures to assess the
solutions generated by children. We have evaluated children’s design solutions
for quantity in terms of options and criteria, for novelty and for creativity. We
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found support for the hypothesis that the number of intelligences involved in a
design method results in a larger number of design solutions. We also concluded
that the more intelligences involved, less creative, but more workable solutions
will span the available design space. These findings also suggest that the design
solutions of eight-to-twelve-year-olds are creative enough to populate a design
space and distinguish between effects on the outcomes by the different design
methods used. These findings support professional designers and researchers in
the field of HCI and Research about Design in making more informed decisions
when aiming for an optimal design process with children. Future research on
the development of the framework includes the pursuit of children’s develop-
mental milestones and the study into other factors of impact on creativity, such
as the environment in which a design process takes place.
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Chapter 1
Introduction: Children, Design
and Creativity

Once at the conference on Interaction Design and Children (IDC), after a present-
ation of early work of this Ph.D., someone from the audience asked me if I
really think that children are creative. "Of course I do!" I replied. We proceeded
with an intense discussion about the value of children’s contributions to real-
world design problems, such as the next-generation autonomous electric cars.
We agreed to disagree on the value of children’s creativity in real-world design
problems. The disagreement is exemplary for the general opinion about creativ-
ity. All humans are creative, and therefore everyone pretends to be an expert on
creativity by experience. Subsequently, there are many opinions on creativity
and the creative potential of children in a professional environment.

This thesis starts from the premise that children are creative. The central
hypothesis is that children’s creations have creative value for real-world design
challenges of professional designers (see also work by Emer Beamer on Desig-
nathons van den Oetelaar et al., 2017). We define real-world design challenges
as a challenge or design brief instituted by a professional designer, i.e., someone
representing an organization that is professionally interested in the outcome of
the process. Professional designers do not have the luxury of having a gen-
eral opinion about creativity. Professional designers are shaping the future with
(often technological) solutions for current problems, for example, the next gen-
eration of electric family cars. Their design process fuels engineering processes,
production lines, or marketing campaigns to deliver the cars to the customer(s).
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When professional designers examine creativity more closely, they can develop
their understanding of a creative design process. Widespread advancements in
professional design processes are, for example, "Sprint" and "Lean UX" (Gothelf
et al., 2016; Knapp et al., 2016). This thesis provides insights into optimizing
design processes to leverage children’s creativity.

The relevance of the research in this thesis lies in the support for profes-
sional designers to (1) make grounded decisions on which activities to execute
in the design process that best facilitate the creative powers of children and
(2) to understand better the creativity of the solutions generated with children.
To the example of next-generation electric cars, children can be involved, for
example, in designing the interior design of the rear seats. Using the insights
from this thesis, a professional designer can choose a design activity such as
brainstorming to generate ideas with children and support this choice with ar-
guments about how brainstorming empowers children with their creative skills.
For example, children age six (grade 1) are learning to write, yet they draw,
tinker and paint and are often vivid-story tellers. Thus a brainstorming activity
that involves drawing, painting, or tinkering activities would better suit their
creative skills than writing word associations. Thus the professional designer of
electric cars should rather have children draw their ideal car interior than write
about it.

Moreover, the outcomes of our research enable a designer to anticipate the
creative quality of the solutions generated by children. Designers often use
brainstorming for thinking "out of the box", i.e., thoughts and ideas that could
spark new directions to look for a solution, "a creative solution." Highly ori-
ginal, even bizarre solutions have value in the exploratory phase of a project.
For example, in an electric car design challenge, a 6-year old could come up
with a favorite pet to comfort them, an ejection chair to escape from a traffic
jam, or a football field for physical exercise to include in the back-seat interior.
These ideas are less appreciated at later stages when a design project progresses
towards the realization phase. Then the project needs more workable and rel-
evant solutions. When children’s ideas are described in terms of creativity, a
professional designer can support the choice for a design activity, specific for
what kind of creative value the project needs at each stage. As children are
increasingly involved in and affected by designs, it is now time to move beyond
holistic notions like "inspiration" and start researching how to optimize design
methods for children’s creativity.

Researching creativity in a design process is a complex endeavor. Most of
our work contributes to the field of design research an understanding of how to
perform creativity research with children in the complex environment of design.
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Throughout this thesis, we will primarily address design-researchers focused
on optimizing design processes (with children). Design researchers are profes-
sionals who study and research the process of designing in all its many fields.
Nonetheless, we should not forget that the purpose of this line of research is
to support professional designers with the most optimal design process. Before
going into detail about the research approach, we first want to point to the
relevance of children’s creativity and the increasing impact on society. We will
position our work in the field of design research and related work in optimizing
design processes with children. Then we will introduce the four different per-
spectives of creativity used in this thesis. Finally, we will describe our research
approach as Research about Design and conclude with an outline of this thesis.

1.1 Children’s Creativity has an impact on real-world
problems

We started this introduction by discussing how to consider children’s creativity. I
want to explain the point with the work of my two children (five and nine at the
time of writing). They draw, paint, and glue artwork after artwork relentlessly,
such as the two pieces in figure 1.1. Most people would agree that these pieces
of work are creative. Their creative products can often be considered original
and remarkable compared to drawings created by adults. Then the question
arises of whether these qualities of children’s products (originality, surprise)
have value in the context of a professional design challenge. Answering this
question is where people generally begin to disagree. Then people express their
belief that the impact of children’s creativity on their environment, society, and
culture is limited (Sternberg, 2003).

The field of creativity research summarizes the limited impact of children’s
creativity as ‘little-c creativity.’ The term little-c creativity and its counterpart big-
c creativity discriminates everyday creativity (e.g., creatively arranging photos,
creating a new menu from left-overs) from eminent creativity (e.g., the creative
genius with a societal or cultural impact). The literature supports our critical
friend at IDC: Children’s creations generally do not lead to products with impact
on society or a culture (Sternberg, 2003; Kaufman et al., 2009) while a wide
variety of creations by grown-ups have, from Socrates to Elon Musk.

There is, however an increasing number of examples where children cre-
ated or contributed to solutions with an impact on society. With a plethora of
generative tools available, children have the means to transform their situation.
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(a) Tadpole shaped humans without
arms and ladders

(b) Body shaped humans without arms
in a house

Figure 1.1: Example of two drawings of a four-year-old in which several aspects are
explored: visual-spatial orientation, representation of man (in the character-
istic tadpole-style) and colours: the results of an explorative, creative pro-
cess. Drawings were created by the author’s children while in kindergarten.

Children conceive of ideas and create apps, services, and physical products.
Adults recognize their products, join these children, and co-create to realize the
value of their ideas further. Adults, in turn, empower these children to let their
solutions have an impact on a societal or cultural level.

For example, Emma Yang, who, at age 7, wanted to help her grandmother,
suffering from Alzheimer’s disease, to remember her family members. She de-
signed the app ‘Timeless’ to aid her grandmother and taught herself to code.
Emma further developed her concept based on AI and facial recognition (Adele
Peters (Fast Company), 2018), and she received recognition for it. In Septem-
ber 2017, at age 14, Timeless was selected as the winner of the MIT Solve Brain
Health Challenge and designated as one of the 38 Solvers out of nearly 1,000
solutions from 103 countries. Emma was recently named the Grand Prize Win-
ner of the Women Startup Challenge hosted by Women Who Tech and Google.
Although the application is not yet fully functional, the project raised more
than 10,000 US dollars on Indiegogo, and the project has attracted an inter-
national team of experts to help Emma with further development of the app
(Yang, 2018a, 2018b). Emma is not the only child ahead of her peers, Kelvin
Doe started engineering at age 11, and at 13, he invented his battery from scrap
material, Zea Tongeman created a game that motivated people to start recycling
(Kaiman et al., 2013), and there are more examples.

Children have also begun to appear on boards of advice to collaborate on
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future plans and immediate solutions that affect them. In the Netherlands, a
hospital installed the first children’s board of advice in 2013. Now (2018), there
is a national platform to help Dutch hospitals install a children’s board of advice
to provide consults and co-create on matters that impact children in that hos-
pital (Rippen, 2013). A company called ‘consultingkids’ makes decision-makers
in large enterprises consult with children for the design of immediate and near-
future solutions that have business value. On an international level, there is
the movement of ‘designathons.’ The initiators are on a mission to ‘unleash the
creativity’ of millions of children worldwide to drive innovation. Designathons
are active in 35 countries and have generated more than 6000 inventions with
20,000+ children with a rich diversity of clients, such as SMEs, multinationals,
and non-profits (Beamer et al., n.d., visited on December 1, 2018). Therefore,
society must reform its perspective from children being ‘small-c creative,’ or cre-
ative in terms of everyday life, to them being ‘pro-C creative,’ in other words:
‘capable of creative acts within an organization, community or domain’ (Kaufman
et al., 2009).

Recent studies with adults demonstrate that designers create more innov-
ative concepts and ideas when working within a co-design environment with
others than when creating ideas individually (Mitchell et al., 2016; Trischler
et al., 2018). The paragraphs above provide evidence for the idea that the cre-
ativity of (some) children counts as ‘pro-C creativity.’ Subsequently, it would be
logical to assume that designers could also be more creative when working with
children within a co-design environment. Evidence for that assumption requires
insights about the design activities that yield the best contributions in terms of
creativity when applied with children.

1.2 Design research with co-creation mindset and
the role of children in design activities

In the previous section, we showed that children are increasingly involved in
real-world design challenges, and as such, their creativity has an impact on
society. This section will explain that the work presented in this study is relevant
for design research, particularly with a co-creation mindset. First, we will briefly
explain the landscape of design research to position our work. Then we will
explain the role of children in design activities.

The driving forces in stakeholder participation in design processes are the
now well-established fields of participatory design (which started in the 1970s
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and ’80s, Gregory (2003)) and human-centered design (started in the ’80s,
Ritter et al. (2014)). The principal aim of participatory design (PD) processes is
to ensure every stakeholder is involved in an innovation process to create com-
mon ground and democratize the decision process. In human-centered design
(HCD) (Ritter et al., 2014), the main goal is to ensure the end product optim-
ally meets the users’ needs, competencies, and expectations. Both the voice
of children (PD) and the needs of a young target group (HCD) demand the
involvement of children in the design process.

Not every designer is likely to engage in participatory design methods; it de-
pends on their mindset towards a design process. Sanders et al. (2008) defined
the role of a user in a design process as a state in the mindset of the designer
(see figure 1.2). A designer’s mindset can vary from an expert mindset to a
co-creation mindset (Sanders, 2008). This research targets to support design-
researchers with a co-creation mindset. Thus, on this map, our work resides
on the right side to support designers with a co-creation mindset, applying the
associated design methods in their design process.

Figure 1.2 illustrates an overview of design activities plotted on the expert vs
co-creation mindset continuum as proposed by Sanders (2008). The map plots
the different attitudes towards design in four quadrants. An expert mindset does
not necessarily consider user involvement (upper left quadrant) or regards user
involvement merely as a research activity (lower-left quadrant). A co-creation
mindset involves users with design activities. Output can be considered merely
as information for research (lower-right quadrant) or as a genuinely collaborat-
ive endeavor (upper-right quadrant), in which the creative outcomes generated
by children are considered decisive for the design process. The research in this
thesis consists of research-led design activities with a co-creation mindset. In
the remainder of this section, we will elaborate on the relevance of this work
for co-creation processes with children. In the section about the research ap-
proach, we will further define our work in design research.

There is much ongoing work on the process of designing with children. In-
volving children in a design process requires training the children and a highly
structured approach in design (Druin, 1999b; Druin et al., 2001; Markopoulos
et al., 2008; Fails et al., 2013; Mechelen et al., 2014). Subsequently, much
effort goes into optimizing that approach for the engagement of children. How-
ever, few studies report on the creative aspects of the quality of the outcomes
generated with children. For example, we do not know how a method chal-
lenges children in their problem-solving skills and how the method affects the
creativity of the outcome. Bekker et al. (2003) reports on the quality and the
characteristics of the output of design methods, depending on the children’s
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Co-Creation

Human Factors
+ Ergonomics

Usability
Testing

Applied
Ethnography

User-Centered
Design

Design + Emotion

Critical Design

Lead-User
Innovation

Contexual
Inquiry

Cultural 
Probes

Generative
Design Research

Generative
Tools

Participatory
Design

Design-Led

Research-Led

Expert Mindset
“users” seen as subjects
(reactive informers)

Co-creation Mindset
“users” seen as partners
(active co-creators)

Figure 1.2: The four quadrants of design-research (Sanders, 2008): the role of the user
is defined by the mindset of the designer. An expert mindset does not ne-
cessarily consider user involvement (upper left quadrant), or regards user
involvement as an informative research activity (lower-left quadrant). A co-
creation mindset considers user involvement to be an informative design-
activity (lower-right quadrant), or as a collaborative design-activity (upper-
right quadrant).

engagement. Another example is Mechelen et al. (2014), who proposed solid
processes (collaborative design thinking (CoDeT) and the grounding, listing,
interpreting, distilling (GLID)-method), to organize, structure, and empower
groups of children to contribute solutions and values for a design challenge.

A focus on facilitating design methods is an essential characteristic of par-
ticipatory and human-centered design to create new solutions. Understanding
how to run a design method with children and understanding the qualitative as-
pects of the outcomes facilitate optimizing the method. It does not help determ-
ine how design methods compare in generating creative outcomes, the creative
value of these outcomes, and how meaningful they are to a designer. In terms
of our previous example: the car designer may have had an inspiring, engaging
time with the children, but if and how their creations should be processed to be
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genuinely inspirational remains implicit.
Another well-documented aspect of designing with children is the role de-

signers give to children in the design process. Allison Druin has been highly
influential in defining the role of children in a design process (Druin, 1999b).
She defined four roles (Figure 1.3 from least (user-role) to most participation
(designer-role) in the design process (Scaife et al., 1997; Druin, 1999b; Baren-
dregt et al., 2016a). Figure 1.3 suggests that children have the greatest impact
in the role of a designer: their participation is the strongest, and in the work of
Druin et al. (2001) they have the responsibility to take ‘designerly decisions.’

Tester

Informant

Designer

User

Figure 1.3: The four roles of children in the design process (Druin, 1999b). The larger
the circle, the stronger the involvement in the design-process.

The exact role and involvement of a child depend on the design phase
and the relation of the activity to the professional designer (Barendregt et al.,
2016a). The role in the activity is not necessarily representative of the role in
the design process. As we indicated in the first section, in an exploratory phase,
a designer needs more inspiration, while in the requirements gathering phase or
evaluation phase, more information is necessary, and in a design- or implement-
ation phase, making decisions is critical. Making an informed decision about the
proper role of children is thus based on the outcomes of a process and the cre-
ative value they have for a designer. Currently, a professional designer relies on
his expertise and intuition. Therefore, the role of children in a design process
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depends on the attitude of the professional towards participatory design.
In this section, we argued that there is much focus in the literature on im-

proving the quality of co-design processes on an operational level or for a spe-
cific kind of outcome, such as usability test results or values. In this thesis, we
research how to optimize a design process with children for the most creative
outcomes. To optimize a design process for creative outcomes, we need three
things: (1) a definition of a design process to describe the relation between cre-
ativity and design activities, (2) a definition of creativity that is compatible with
designing, and (3) a structural approach, a framework, to hypothesize about op-
timizing creativity in design activities with children. In the following sections,
we will describe these three aspects.

1.3 A focus on the activation and generation phases
in a design process

The work in this thesis focuses on the early stages of design and the associated
design methods. The choice for the early stages is strategic for two reasons.
The most important reason is that young children excel at divergent thinking
(Runco, 1992). The second reason is that co-creation processes are most relev-
ant when there are still sufficient degrees of freedom to consider, i.e., before the
realization phase that requires more defined products or services. In the early
stages of design, a designer needs divergence to explore a design problem: a
multitude of ideas to explore and understand the design space (also referred to
as problem space or solution space (Salado et al., 2015; Zhao et al., 2019)).
Throughout the design process, a designer goes through stages of divergence
and convergence of ideas (Hsiao et al., 2004; Jaarsveld et al., 2012; Cropley,
2015). A divergent stage typically generates a wide variety of ideas that con-
tribute to the design challenge at stake. A stage of convergence is characterized
by evaluating the variety of ideas for their contribution and methodologically
select the most promising ones by predefined criteria.

Many designers and engineers engaged in creative problem solving reported
a (variation of) a design process. Cropley (2015) distills a generic design pro-
cess from his literature review spanning the past 60 years as a creative problem-
solving process going through seven phases, see table 1.1.

To illustrate the design process, we will use our example of designing the
next-generation electric cars. The Preparation phase would be to research the
context of children on the back seat and the needs of children, drivers, and pas-
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Generic Phase Super-phases Character Example
Preparation Invention Convergent Problem Definition
Activation Invention Divergent Product Design Specification
Generation Invention Divergent Generation of Solutions
Illumination Invention Convergent

Evaluation of Solutions
Verification Invention Convergent
Communication Exploitation Convergent

Conceptual Phase Outputs
Validation Exploitation Convergent

Table 1.1: The seven phases of a generic design process according to Cropley (2015).
The design process iteratively moves from invention to exploitation (super
phases) involving divergent creative-problem solving activities in specifically
the activation and generation phase.

sengers. The outcome of the preparation phase converges to a clear problem
statement. For example, "design a product or service that allows children to
have access to journey-information while driving." The Activation phase allows
designers to further engage with the problem and convert the problem state-
ment into design specifications. Formulating design specifications is a divergent
activity in which potential solution directions, broad descriptors are being spe-
cified, for example, in scenarios. A scenario could cover access using a speech
interface, or a touch screen in the arm-rest, or the chair in front of them. In
the generation phase, a designer typically generates concepts and solutions. Ex-
amples for this problem could be different speech-interface solutions, different
arm-rest solutions, different interfaces in the screen, maybe even a combina-
tion of a speech interface and a screen. Designers evaluate these concepts and
solutions with converging activities (illumination and verification) to choose a
realization (exploitation) in subsequent phases.

This thesis will often refer to a design process, design activities, and design
methods. By design process, we mean a creative problem-solving process as
described in table 1.1. The design process consists of phases, and each phase,
in turn, consists of design activities. We refer to all activities that a phase re-
quires to complete with design activities. Typically a phrase contains a chain of
activities that intend to facilitate an "analyze-create-analyze" process (Cropley,
2015). In figure 1.4 we illustrate the relations we described between design
process, design phase, design activity, and subsequently design methods. Our
research focuses on the "create" activities; the design methods chosen during
the divergent phases of a design process.
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analyzeanalyze create analyze create

design
activity

design
activity

design
activity

Design Phase

Design Process

design
activity

design method a design method b

design method c

Figure 1.4: In this thesis we will refer to different elements in a generic design process
(Cropley, 2015), also see see table 1.1. We focus in this thesis on design
methods representing the creative aspects of design.

In the next section, we will define creativity, and we will introduce four
perspectives of creativity with which we can position our work from a creativity
perspective.

1.3.1 Creativity from four perspectives

In the previous paragraphs, we have not further clarified the term creativity. In
the remainder of this introduction, we will detail the contribution of this work
concerning creativity. Creativity is best specified from four practical perspect-
ives (Rhodes, 1961; Fishkin et al., 1998; Skaggs, 2014): personality, process,
press (situation), and product, and the interaction between them (Fishkin and
Johnson, 1998). The definitions of these terms are thus:

• person: understanding attributes of the creative person;

• process: operations or stages of creative thinking and making;

• product: outcomes and their creative qualities; and

• press1: the nature of the creative environment.

1press stems from Pressus (Latin), meaning ‘box’ or ‘container,’ hence the expression ‘thinking
out of the box.’
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When examining creativity in a design process, it should be clear which per-
spectives are at play. Figure 1.5 depicts a graphical representation of the four
perspectives.

person

process

product

press

Figure 1.5: Four perspectives on describing creativity: personal, process, press (environ-
ment) and product (in Fishkin et al. (1998). The creative sweet spot in the
middle, gravitates from all four perspectives.

In this thesis, we will regularly refer to these four creativity perspectives
to clarify the benefit for the children, the designer, or the design process in
terms of creativity. In the subsequent sections, we will first explain the need
for a structural approach (a framework) to optimize design methods for the
creative outcomes when involving children in a design process. In subsequent
sections, we will explain our work’s intended contribution and focus on these
four perspectives on creativity.

1.4 Development of a structural approach to op-
timize a design process for creative outcomes

In this section, we argue that we need to help designers with a structural ap-
proach to finding design methods optimal for children, for the design process,
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and the design outcomes. We conclude that we can create such a structural
approach with a framework.

In the divergent phases of a design process (e.g., concept generation (Cropley,
2015)), designers aim to optimize the creative design activity (a design method)
for the number of possible design solutions. If the design method is not optimal
for some reason, a designer does not have access to the theoretical maximum
number of possibilities. The most optimal conditions within the time available
for a creative session determine the theoretical maximum number of access-
ible design solutions that humans can access. It is a theoretical number since
the maximum number of design solutions can never be established; generating
ideas can be a perpetual process, neither can we control for optimal conditions.
Thus we will never know whether the design space spanned in a session reached
the maximum number of solutions or whether the conditions prevented us from
finding them. Hence the maximum number of design solutions will always be
theoretical. Well-known limitations for an optimal brainstorming activity are,
for example, early criticisms, group-think processes, or power structures be-
cause they inhibit participants from expressing their ideas freely (Fern, 2001).
A designer wants to maximize the number of possible solutions generated with
a design method to maximize the available design space (figure 1.6).

Finding an appropriate design method to optimize for the creativity of chil-
dren’s contributions is difficult because creative skills evolve. Evolving skills
are an essential characteristic for children under 12 years of age, who are in
the middle of developing their skillsets on their journey to adulthood through
maturation and learning (Vasta et al., 1995; Liben et al., 2015; Berk, 2017).
Children continuously develop new skills and acquire new insights into their
surroundings.

Therefore, choosing a design method is a problematic endeavor from the
perspective of personal creativity. Personal creativity is a personal trait; some
people are more creative than others (Runco, 1992; Runco et al., 2019). When
involving children, designers need to account for the developmental stage of
children. For example, a four-year-old is in the middle of the process of de-
veloping a theory of mind, which means that their social cognition is rapidly
changing from perceptual (different people respond differently) to metacognit-
ive skills (different people think differently, and therefore they respond differ-
ently)(Liben et al., 2015). Having a theory of mind affects children’s creativity
in reflecting on the interaction in a role-play.

Practical tools for professional designers to account for children’s develop-
ment in a design process are scarce. One example is the GLID method by Van
Mechelen et al. (2017a). The GLID method goes beyond the surface level of
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Theoretical 
Design Space

Available
Design Space Uncovered

Design Space

Figure 1.6: A design method creates an instance of an available design space from which
a designer can select a design solution to proceed within a design process.
To find the most innovative and original solution, a designer would like to
access the full (theoretical) design space. A design method should optimally
help a designer to get as close as possible to the size of the theoretical design
space (Cropley, 2015).

ideas by identifying participants’ values embedded in co-design outcomes. This
work is discussed below in more detail. Another example is the card set for
developmentally situated design (DSD) (Bekker et al., 2011). DSD cards struc-
turally address essential aspects of child development such as cognitive, social,
emotional, and physical development. The Child-Tangible Interaction Frame-
work (Antle, 2007a) focuses on cognitive aspects, and Gelderblom (2004) ex-
tends cognitive aspects with socio-cognitive development, development of play,
and the cultural aspects of development, supported by empirical evidence. Thus
there are not many tools around, and although the ones that are available
provide a rich source of information, they are not supportive in optimizing the
available design space with an appropriate method. Therefore designers could
benefit from a framework that informs them about design methods concerning
children’s developmental perspective.

In the previous paragraphs, we assumed a way to start from an age group
and find an appropriate design method. The reverse might also be true that a
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designer wants to involve a specific design method for its creative quality. For
example, to create a mental-model with children, a designer could use how-how
diagramming, and for a contextual representation of physical and social inter-
actions, a designer could use simulation and role-play (Langford et al., 2003).
Thus, in that case, a designer has a method in mind and wants to know at which
age these children are sufficiently capable of engaging in these methods creat-
ively. That will require knowledge of which design method invoke that quality
in children. For example, our professionals designing the next electric car might
want to reflect with children on their mental model of operating a car. Using a
framework that associates design methods with children from a developmental
perspective can help find the appropriate age group for the design method.

Lookup skills of 
target group by age

Design brief 
with a target group

Match available skills with
required skills for a design method

Children generate design solutions
with the most creative outcomes

Figure 1.7: Start with a target group and find a suitable design method

Each of these ways of working are schematically represented in Figure 1.7
and Figure 1.8, respectively. We can associate age groups with design meth-
ods based on insights into children’s development and skills required for design
methods. The next step is to determine which design methods best stimulate
children’s creativity. We have to evaluate design methods on the creative value
of the children’s outcomes. There has been some work in this direction; for
example Bekker et al. (2003) evaluated the inspiration level of designers based
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Lookup skills required 
to execute a design method

Design challenge requiring
a speci�c design method

Match required skills with
skills developed by children

Children generate design solutions
with the most creative outcomes

Figure 1.8: Start with a design method and find an appropriate group

on the outcomes of the KidReporter method. Barendregt et al. (2007) con-
nected the quality of usability testing results with children’s personality traits.
Mechelen et al. (2014) studied the quality of the outcomes of co-creation meth-
ods and children and developed a protocol that results in children voicing their
values with sufficient quality and detail to inform a design process. However, a
framework that structurally evaluates design methods on what they contribute
to a real-world design process in terms of creativity does not exist yet.

1.4.1 Research question and scope

The primary focus of this thesis addresses the question "How to support pro-
fessional designers in engaging in design methods with children to maximize
the available design space with the most creative contributions?". We have ad-
dressed this question in this thesis with three research challenges:

1. How to support professional designers in selecting a design method that
generates the most creative contributions when designing with children?
(RQ1)



1.4 A structural approach to optimize a design process 17

2. Can a framework for deciding on design methods that match children’s
skills at different ages optimize for the largest available design space of
creative solutions? (RQ2)

3. Do measures for creativity apply to children’s contributions to real-world
design problems? Furthermore, if they do, can we define the expected
creativity of contributions by children to guide professional designers in
their selection process for a design method? (RQ3)

The answers to these research questions could provide a better understand-
ing of how to organize a design process in which the demands of a design
activity and the expectations of children’s contributions align. The insights de-
scribed in this thesis build on and extend related work from several research
fields. Within Human-Computer Interaction (HCI) research, this work builds
on and extends the work on developing decision criteria for involving children
in a design process. This prior research includes Scaife et al. (1997), Druin
(1999b), Barendregt et al. (2007), Bekker et al. (2011) and Barendregt et al.
(2014) and Barendregt et al. (2016a). Recent literature shows some more at-
tention for research about children’s contributions and their relevance for a de-
signer, for example, Bekker et al. (2003), Van Mechelen et al. (2017b) and Mast
et al. (2018). This work also builds on prior work on analyzing and optimiz-
ing the contributions of professional designers in product development, design,
and (computational) creativity research, such as MacLean et al. (1996), Christi-
aans (2002) and Shah et al. (2003) by applying and extending this work in the
context of children involved in a design process.

Personal creativity is the basis for the proposed framework in this thesis. Per-
sonal creativity in this context is defined as a problem-solving skill, a form of
intelligence. In chapter 2 we propose to use the theory of multiple intelligences
(Gardner, 1999) to develop a framework to analyze characteristics of design
methods. The core of the framework is that humans (designers, children) have
different forms of intelligence to solve problems. Design methods facilitate the
discovery of a solution space in multiple ways. The assumption is that if design-
ers can better understand methods and children in terms of creativity, design-
ers could optimize a design process for product creativity (Chapter 5). In the
remainder of this thesis we will refer to the proposed framework as the MID-
MACC framework, which stands for the framework of Multiple Intelligences,
Design Methods And Childrens Creativity. This work’s intended audience is HCI
practitioners and designers working on interactive technology for children (e.g.,
intelligent tools, toys, or educational applications).
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In addition to HCI designers, this work also applies to HCI researchers and
creativity researchers interested in optimizing the quality of design and innov-
ation processes. This thesis could also be relevant for cognitive psychology
researchers who focus on developmental psychology and different forms of
problem-solving skills of children and computational creativity researchers in-
terested in developing and applying creativity measurements.

1.5 Research approach

This section defines the methodological approach in this thesis, establishes the
scope of the research, and describes the outcomes as a contribution to the field
of interaction design and children. The section employs a top-down approach.
First, we position the work within the field of design research; then, we describe
the methodological approach.

1.5.1 Research about design (RaD)

The MIDMACC framework should function as a design-method-decision-making
tool for professional designers. Insights about a design process contribute to the
field of research about design (RaD), a form of Design Research (Frayling, 1993;
Zimmerman et al., 2010).

Design research takes three forms: research about design, research for design,
and research through design. Research about design focuses on understanding
the human activity of design. RaD typically produces theory on design. This type
of theory aims to move towards a unified understanding of the design process
(Zimmerman et al., 2010). The intended MIDMACC framework and creativity
measures produce insights on the human activity of design in selecting design
activities and interpreting design contributions in terms of creativity, specific-
ally when children are involved in the design process. The insights in this thesis
build towards a body of knowledge on ‘the creative practitioner,’ insights into
how design practitioners can choose a design method optimized for creative
outcomes.

Research for and through design result in theory for design. To illustrate the
difference with theory on design: theory for design concerns insights, concep-
tual frameworks, or sensitizing concepts that facilitate design or feed into the
design process. Examples of contributions to a theory for design are frameworks
for user experiences, for usage context, or guidelines for aesthetic design (Zim-
merman et al., 2010). These insights help designers create better products and
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improve the practice of design. In this thesis, helping designers create innovat-
ive products is a secondary goal, which is a consequence of the primary goal: an
improved understanding of a design process with children. In the example of
designing the next generation of electric cars with children, a framework of cre-
ative design methods such as the MIDMACC framework can help professional
designers to create the optimal conditions for their design practice.

Now that we have established the type of research, we need to decide on
the research approach to set up studies and experiments. In Human-Computer
Interaction (HCI), a researcher can select a research approach from many tradi-
tions. HCI brings together a multitude of sciences (Mackay et al., 1997; Caroll,
2003; May, 2015; Lazar et al., 2017). However, most research approaches aim
at Research for Design or Research through Design. Research about Design is
receiving more attention in increasing attempts to develop Design and Design
Research as a scientific discipline (May, 2015; Lazar et al., 2017). Neverthe-
less, there is not a clear consensus about the identity and accessibility of design
research approaches (Brandt et al., 2007):

(...) design practice may involve research and design re-
search practice may involve design, without the present-
day discussion giving any formal or practical handles to
distinguish between research in the former and the latter
case.

The research in this thesis is the latter: design research practice that in-
volves design. Brandt and Binder propose a research approach for design re-
search that consists of research Questions, a design research Program, and ex-
periments (Brandt et al., 2007), see Figure 1.9. Thus, our research question
guides the inquiry by exploring a method for designers to organize their design
process around optimal creativity in a design process when working with chil-
dren. At the same time, the program frames and contextualizes the designerly
experiment2 by proposing to optimize for creativity through the employment of
particular methods. Experiments challenge the design research program if they
deliberately seek to establish the strength and scope of the program with an
overarching knowledge interest. Each experiment has its subprogram (Brandt
et al., 2015) while the outcomes are framed in the context of the overall pro-
gram.

In this thesis we have conducted studies as designerly experiments. To avoid

2A designerly experiment is a designerly engagement that has become a relevant vehicle for the
production of knowledge, either as a research activity in a professional design setting or as practiced
based research in the context of design (Brandt et al., 2007).
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Question

Program

ExperimentX

Figure 1.9: The design research scheme proposed by Brandt en Binder (Brandt et al.,
2007; Brandt et al., 2015). The diagram illustrates the relation between
program, research questions and experiments in design research driven by
designerly experiments. The research questions drive the experiments. The
program sets the context and framing for the insights from each experiment.
To run a design experiment, each experiment has its own sub-program and
sub-questions (or goals).

possible confusion of the term ’experiment’ with how the notion of an experi-
ment is used in other domains, for example in the life-sciences, we will use the
terms program-experiments and studies in the remainder of this thesis. Program-
experiments is a container construct as defined by Brandt et al. (2007) that can
contain a study or inquiry to inform the program. In each chapter we con-
duct one or more studies, they are our main instrument to execute a program-
experiment.
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1.5.2 Program-experiments to create and evaluate the MID-
MACC framework

The program in this thesis is to develop the MIDMACC framework, a tool for
designers to select design methods in the design process when working with
children: see Figure 1.10. To develop the MIDMACC framework for designers,
we have conducted a program-experiment to compare design methods with de-
signers (chapter 2), we have set up design sessions with children (chapters 2
and 3) and we have evaluated creativity measures applied to children’s design
contributions (chapters 4 and 5). Each experiment results in insights that add to
the program of building the MIDMACC framework to compare design methods.
Ultimately the MIDMACC framework and insights from this thesis contribute to
a body of knowledge for a theory on design.

Question:
How to support professional designers in organizing a design process with the most 
creative contributions when designing with children?

Program: 
Develop a framework to select co-design methods with 
the most creative contributions generated by children, 
evaluated with appropriate creativity metrics.

Categorize Design
Methods (chpt 2)X Evaluate Design

Solutions (chpt 3,4) X

Compare Design
Methods (chpt 2,5) X

Program-Experiments

Figure 1.10: The diagram illustrates how the research presented in this thesis aligns with
the design research approach as proposed by Brandt et al. (2015). The
research question drives three program-experiments (X). The program sets
the context in which these program-experiments occur: the development of
the MIDMACC framework.
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Each program-experiment is unique, but they are not arbitrary: they allow
us to triangulate the knowledge that builds the program. For each program-
experiment, there are trade-offs to make between avoiding fundamental prob-
lems and working with practical problems (Mackay et al., 1997). For example,
the design sessions with children (comparing design methods in chapter 2 and
3) ran with a strict protocol. From the perspective of ecological validity, highly
protocolized design sessions do not necessarily reflect the practices in actual co-
design sessions, and thus a critical reviewer might question the generalisability
of the information from these sessions. However, executing a design inquiry
without a strict protocol will create fundamental problems to examine the ses-
sions further. To generalize protocolized design sessions, we refer to Brandt
et al. (2015) who proposes to interpret protocolized co-design sessions as ‘re-
hearsals’ of ‘new prototypical practices.’ So there are different ways to execute
a program-experiment.

By combining information from different stakeholders in the program (e.g.
designers, children) and by combining different research methods (e.g., inter-
views, design sessions and applying creativity measures), we can triangulate
the information from the program-experiments that feed into the program (the
development of the MIDMACC framework). The combination of sources adds
to a body of knowledge that answers the research question of how to support
professional designers select design activities to design with children with the
most creative contributions.

1.5.3 Research about design (RaD) and creativity

In the paragraphs above, we have specified the research approach. This section
brings together the research approach and the four perspectives on creativity.
Using the four perspectives on creativity, we can further scope our research by
defining which aspects are, and which are not in the program and subsequent
program-experiments. We will first outline the main question, the program,
and the program-experiments. In subsequent sections, we will explain the four
perspectives of creativity in more detail and use them to scope the research
question, the program, and program-experiments in this thesis.

In Design Research, questions can come from theory or the program- exper-
iments run in the design process done to do the design research (Brandt et al.,
2007; Brandt et al., 2015). Creativity is a highly valued design aspect and is a
strong driver for selecting design activities. Creativity from all four perspectives
(person, process, product, and press) is, therefore, a part of the central research
question: "How to support professional designers in selecting a design method
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that generates the most creative contributions when designing with children?"
For example, for optimal creative outcomes, the professional designers consider
the most creative children (personal perspective), the most creative process (a
design method like brainstorming), the most creative environment (maybe a
design session in a car) to yield the most innovative outcomes. The more sig-
nificant theory on design we would like to address contains insights about how
these four perspectives interact and affect the resulting available design space
in a design process.

The overarching question is larger than the scope of this thesis. This thesis
is the program in this model of RaD. The program is building and validating
the MIDMACC framework, a framework of design methods (processes) and
children’s creativity (personal perspective) to optimize for creative outcomes
(products). We will explain below why the environment (press) is not in the
program. The program addresses research questions RQ2 and RQ33: "Can the
MIDMACC framework inform a decision on selecting design methods that match
children’s skills at different ages, to optimize for the largest available design
space of creative solutions?" (RQ2), and "Can measures for creativity be applied
to children’s contributions to real-world design problems so that professional
designers can discriminate between design methods in terms of the expected
creativity of the contributions?" (RQ3).

The program-experiments are driven by the main question and contextual-
ized by the program of this thesis. There are many ways to study creativity in a
design process. The insights we found are meaningful in the context of a contri-
bution to the MIDMACC framework, a matchmaking tool of design methods and
children’s creative skills. To develop and validate the MIDMACC framework, we
report three different types of program-experiments (five program-experiments
in total). Since there are three perspectives on creativity in the program, the
program-experiments contribute to a theory on design from three different per-
spectives on creativity.

Below we will explain how each perspective on creativity plays a role in
developing the MIDMACC framework to design with children. Figure 1.11 visu-
alizes how the research about design approach and the four p’s of creativity
scope the program and program-experiments in this thesis.

3For the sake of brevity, we summarized the two questions in figure 1.10 in 1 sentence
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Develop a framework
to select co-design methods
with the most creative contributions
generated by children in an early
phase of the design process

How to support professional 
designers in organizing a
design process with the most 
creative contributions when
designing with children?

person

process

product

press

person
x

process product
x

design solutions

Questions Program Program-Experiments

Design Research Approach: Research about Design (Rad)

design method comparison
with options and criteria (chpt 2,5) process

method categorisation in terms
of creative skills (chpt 2) processperson

design solution evaluation with
creativity measurements (chpt 3,4) product

Figure 1.11: The diagram illustrates the research approach in this thesis and how it in-
tegrates the four perspectives of creativity in the research process. All four
perspectives on creativity could lead to questions about organizing a design
process optimized for creativity. The program of this thesis focuses on three
perspectives: person, process, and product. Each program-experiment has
a subprogram that addresses one or two perspectives of creativity. To evalu-
ate product creativity, we use the design outcomes from the design sessions.

The personal perspective

In the field of participatory design, including the voice of the end-user (the chil-
dren in our case), is to speak on behalf of the entire intended audience. Select-
ing participants as a representative sample of the target audience is essential to
voice the intended audience. Alternatively, some designers motivate their selec-
tion of participants for an inspirational design process. They select children they
expect to provide the best contributions based on personality traits associated
with highly creative competence, similar to selecting participants in usability
studies based on personality traits (Barendregt et al., 2007; Finch et al., 2012).
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Literature in creativity research and developmental psychology has described
the creative products generated by children as the product of ‘small-c creativity.’
The outcomes of these products result from everyday creative thoughts and
actions and impact individuals within their zone of influence (Sternberg, 2003;
Kaufman et al., 2009). Nevertheless, the previous sections established that their
products could impact more than a small number of individuals, from a relat-
ively young age. To maximize outcomes for creativity, it is essential to learn how
to measure product creativity and most importantly, consider how to optimize
the involvement of children such that they can generate the most creative design
solutions for a professional designer engaged in a real-world design challenge.

The MIDMACC framework proposed and examined in this thesis focuses on
process and product creativity (see below). The MIDMACC framework is rooted
in the Multiple Intelligence Theory (Gardner, 2011). Multiple intelligences are
the key to translate the implicit creative demands of a design method into a set
of human creative problem-solving skills.

In this thesis, the target group is children between six and twelve years old.
One tool that can characterize children in terms of the multiple intelligences
per school grade is the TIMI (Teele Inventory of Multiple Intelligences) Teele
(1992). By describing the design methods and children’s problem-solving skills
in terms of multiple intelligences, designers can match them. Providing children
with an appropriate method is assumed to yield the most creative outcomes
when designing with children.

Chapter 2 describes the potential of the TIMI as a tool to address personal
creativity. A pilot study (see appendix A explores whether the TIMI can live
up to its potential in the context of design methods. In the remainder of the
thesis, we run program-experiments to inform the program about the relation
between design methods (process) and their outcomes (products) when run with
children.

The press perspective

Inspiration drawn from the environment defines the creativity of the environ-
ment (press). Studies have been conducted on the creativity of the classroom en-
vironment for children, depending on social culture, learning styles, and teacher
behavior (e.g. Fishkin et al., 1998; McLellan et al., 2013; Studente et al., 2016)
and on the interaction between the situation and personal creativity (Peng et
al., 2013). Design methods often come with both a process and an essential
description of the situation to conduct a successful process. For example, a clas-
sic brainstorm requires specific rules (e.g., every idea should be heard without
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criticism), resources (pen and paper), and a specific process for facilitating di-
vergent thinking. Some methods will affect the environment more than others.
For example, an acting-out method requires different spaces and resources than
a prototyping method. This thesis does not account for the influence of the
environment on the program. For setting up the MIDMACC framework, we con-
sider press as a constant factor. In our program-experiments, we conduct all
studies in a room in a school while providing the same materials (resources) for
each child.

The process perspective

The pivot point in this thesis is the design process consisting of design meth-
ods. The key question driving the program-experiments and the program is to
support designers in organizing a design process. It is common in HCI to adopt
an iterative design process (Nielsen, 1993; Mackay et al., 1997; Nielsen, 2003):
a cyclic process of prototyping, testing, analyzing, and realizing a product or
process.

The product perspective

In this context, the outcomes children generate are partial solutions for a design
challenge. To distinguish these partial solutions from the more general term
‘product,’ these outcomes will be referred to as ‘design solutions’: solutions gen-
erated with a design method. The creativity of children’s design solutions is the
extent to which designers recognize these solutions as creative. In chapter 2
and 3 the quantity of design solutions is examined, in chapter 4 and 5 describe
the evaluation of design solutions for product creativity.

Insights into the perceived creativity of the design solutions will inform the
hypotheses we derive from the MIDMACC framework. We examine different
aspects of product creativity (quantity, novelty, and creativity) to inform a de-
signer about what to expect from a design method. This information aids a
designer in making decisions with selecting design activities for outcomes of a
specific creative quality.

1.6 Thesis structure

This thesis makes two main contributions to the field of human- (child-) centered
design to support professional designers in organizing a design process with the
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most creative outcomes:

• the MIDMACC framework to select design methods based on the theory of
multiple intelligences, and

• measures for the creative value of children’s products (design solutions)

In chapter 2 the MIDMACC framework is introduced, based on the theory
of multiple intelligences by Gardner (1999). The applicability of the MIDMACC
framework is studied (RQ2) by comparing two design methods, the nominal
group technique (a form of brainstorming, involving one intelligence) and pro-
totyping (a method involving four intelligences). The difference in the creative
value of the design solutions of children is measured quantitatively by observing
options and criteria.

Chapter 3 extends the program-experiment in chapter 2 to learn whether
the findings in chapter 2 can be generalised over other methods and overage.
The study conducted for the program-experiment compares the design solutions
generated by two different age groups, six-year-olds, and ten-year-olds. The
study compares two new methods: how-how diagramming (a logical exercise,
one intelligence) and simulation/role-play (interpersonal, linguistic, and bodily-
kinesthetic, three intelligences), thus providing answers for RQ2. The outcomes
of the method are, similar to chapter 2, measured in options and criteria.

Options and criteria are somewhat coarse measures for creativity because
they do not distinguish between qualitative aspects of creativity. Chapter 4
describes measures for the novelty of design solutions generated by children,
which contributes to answering RQ3. We challenge the calculation for novelty
as proposed by Shah et al. (2003) because the results become incomprehensible
when comparing the outcomes of two different design methods. We propose an
alternative calculation based on frequency that provides intelligible results.

Chapter 5 contributing answers to RQ3 with two measures for creativity:
one method based on a holistic view of creativity and one with a construct-
ivist view. The holistic view propagates a gestalt approach to creativity (Am-
abile, 1982; Christiaans, 2002). The constructivist view propagates a rational,
nuanced approach to creativity by decomposing creativity into underlying con-
structs (O’Quin et al., 2011). The uses both methods to evaluate and compare
children’s design solutions generated through NGT (a form of brainstorming)
and prototyping.

Chapter 6 finally concludes this thesis by bringing the insights of each chapter
together to answer RQ1. In Figure 1.12 we created a graphical overview of the
chapters.
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CHAPTER 1
Introduction

Background, motivations and outline

CHAPTER 2
Developing a framework for 

optimising design methods with children

(RQ1, RQ2) How to connect 
design methods to children’s 

creative problem solving skills?
(RQ3) How to compare prototyping

and brainstorming for their outcomes?

CHAPTER 3
Extending the application

of the framework  to
different design methods and age-groups

(RQ2) How will the framework work
with roleplay, howhow diagramming

and with five-to-seven year-olds?

CHAPTER 4
Calculating the novelty

of children's design solutions

(RQ3) How to calculate and 
apply novelty as a measure 

for product creativity?

CHAPTER 5
Measuring creativity
in children’s designs

(RQ3) How to measure creativity?
How will triangulating

the findings affect the framework?

CHAPTER 6
Conclusions

Contributions (RQ1-3) and future work

Figure 1.12: Thesis outline chapter by chapter.
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Some chapters include published work. In table 1.2 we present an overview
of the chapters and the corresponding publications.
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Chapter 2

Developing the MIDMACC
framework to optimise design
methods with children

Abstract

Designers should select child-centered design methods for suitability for chil-
dren and quality of the output of the design method. The proposed MIDMACC
framework could provide the basis to generate hypotheses about what design
method would work optimally with children and subsequently select suitable
design methods. The initial examination of the viability of the MIDMACC frame-
work is a comparison of design methods by the number of skills involved. The
number of options and criteria indicates the quality of the method in terms
of design information. The results indicate that eight-to-ten-year-old children
generate significantly more options in prototyping sessions than in sessions ap-
plying a Nominal Group Technique. The chapter indicates that (a) we can gen-
erate hypotheses with the MIDMACC framework to compare design methods
with children, and (b) the outcome of various design methods, which might
lead to very different representations, can be compared in terms of options and
criteria.
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2.1 Introduction

Until recently, the focus in the field of designing with children was mostly on ac-
quiring methodological knowledge, examining the question how to design with
children, through product evaluation or product design (Druin, 1999b; Jensen
et al., 2005). Now that the field has described the role of children in the design
process, the focus in literature starts to shift from how to apply a design method,
to why to apply a specific design method, to find justification for the choice for
a certain method. Markopoulos et al. (2003) propose criteria for comparative
assessment of methods for children. They suggest assessing methods on three
dimensions: (1) the components that constitute the method (e.g., the number
of participants, the procedure, data capture), (2) the measures for assessing a
method (e.g., robustness, reliability, and efficiency) and (3) the special char-
acteristics of children as test participants (e.g., verbalization skills, concentra-
tion span, and gender differences). They conclude that many comparisons use
the first two dimensions, but the characteristics of the target user group (i.e.,
the children) are hardly ever taken into account. This chapter proposes the
MIDMACC framework (Multiple Intelligences, Design Methods and Childrens
Creativity) for comparing design methods based on relating characteristics of
children with characteristics of design methods. Subsequently, we describe a
study that examines a hypothesis based on the framework.

2.1.1 Need for a framework for children’s characteristics af-
fecting design sessions

Reports on designing with children show how children’s characteristics may af-
fect design sessions. For example, gender affects the design methods, as boys
have different behavior than girls, and also, their behavior in one-gender groups
differs from that in mixed-gender groups (Stienstra, 2003; Isomursu et al.,
2004; Hou et al., 2006). Furthermore, gender-based behaviors differ per age
group. Greenbaum (1988) suggests that at a young age (under eight years of
age), boys and girls do not like each other enough to cooperate well in a design
session. However, when they grow older to become teenagers, they may pay
too much attention to each other, disturbing the design sessions. Greenbaum’s
suggestion has not been investigated with design studies as far as we are aware.
Reported observations in a design study with small groups of young children
(two to three) used single-gender groups to begin with (e.g. Scaife et al., 1997;
Ruland et al., 2006). In design studies with larger groups (e.g. Bekker et al.,
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2003; Verhaegh et al., 2006) this observation has not been reported as far as
we know, neither was gender mentioned as a problem by Druin in “The design
of children’s technology” (Druin, 1999a). Group size is another point of atten-
tion. The advantage of designing with one child or with a small group is that
participants receive sufficient attention and that designers require less effort to
structure the design session (Heary et al., 2002). Power structures could also
play a role in design sessions. Power structures (like in an adult-child relation-
ship) influence sessions, as some children are more likely to speak freely in peer
groups (Heary et al., 2002). However, the literature is not conclusive as power
structures do not affect technology negatively (Pardo et al., 2005). Speaking
freely and generating ideas in design sessions might be affected by cultural
differences. For example Moraveji et al. (2007) indicate that the effectiveness
of brainstorming with young children might be subject to cultural practices in
rural China. Also, the choice of involving children as co-designers or informants
determines the setup of design sessions. Druin (1999b) proposes to involve chil-
dren in different roles, for example, as co-designers, giving them responsibility
for a part of the design process, e.g., in concept development or requirements
gathering. As co-designers, the children participate actively in the design pro-
cess. Scaife et al. (1997) report that it is better to involve children as informants
than as co-designers. As an informant, the child is more distantly involved, for
which different methods are more optimal than for a role as a co-designer. Bek-
ker et al. (2003) investigates fun and motivation in a study on the design method
called KidReporter. The study on the Kidreporter method assumes that children
who can choose from a set of design activities will have more fun and show
more motivation than children who cannot choose a preferred design activity.
Looking into the cognitive development of children is suggested in studies by for
example Antle (2007b); Gelderblom (2004) and Wyeth et al. (2003). Espe-
cially Gelderblom (2004) and Antle (2007b) argue that designers need to be
informed about the cognitive development of young children. However, the de-
velopmental issues raised in Antle (2007b) and Gelderblom (2004) are not yet
further developed into practical guidelines for how to design with children. This
chapter describes developing a framework that matches children’s capabilities
to skills required for design activities. Inspired by theories from developmental
psychology, the framework is a basis for creating hypotheses about the expec-
ted outcome of design methods concerning the developmental characteristics of
children in a specific age group.
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2.1.2 Defined measures for early design methods

The studies on designing with children can also be improved in terms of better-
defined measures for assessing the output of early design methods. Early design
methods are idea generation methods used early in the design process. In the
early phases of design, the main objective is typically an exploration of the
design space (Sas et al., 2006), a generative phase, or information gathering
phase (Sanders et al., 2008) neatly summarized as the ”fuzzy front end” of a
design process (Sanders, 2005).

For adult designers, there are examples of measures for describing the out-
put of design sessions. For example, MacLean et al. (1996) created a method to
describe conversations between designers during a product development pro-
cess. Another example is the work of Shah et al. (2003), who explain in much
detail measurements to assess ideation effectiveness. In the field of designing
with children, we only found examples of measures in studies on usability eval-
uation methods. For example, Barendregt et al. (2005) and Donker et al. (2004)
study verbal or non-verbal behavior in detecting usability problems. We have
not found such a detailed and replicable assessment of children’s output for
the early design stages; most researchers in designing with children report on
engineering and evaluation phases (Jensen et al., 2005).

Bekker et al. (2003) studied the quality and characteristics of the output of
design methods, depending on the engagement of children in KidReporter. Des-
pite the systematic approach of the study, they only assessed the output by the
implicit criteria of only one designer. Kelly et al. (2006b) developed Bluebells
to optimize the relation between designers and children as co-designers. They
show that designers perceive a more iterative involvement of children in short
co-design activities as more informative or inspirational than one or two more
extensive design sessions. Nevertheless, the authors were not explicit about the
criteria on which the designers decided that the activities were more informat-
ive or inspirational.

The present study uses Questions, Options, and Criteria of MacLean et al.
(1996) to observe design conversations with children. MacLean et al. (1996)
analyzed discussions between professional designers in Options and Criteria.
Olson et al. (1992) found that designers explore the design rationale by bringing
up Options for a design solution and evaluating those Options by questioning
them and evaluating them with Criteria (further referred to as the QOC-model).
In designing with children, we assume the designer (a grown-up) to feed the
design conversation with questions about design ideas. Although the children
will inevitably ask each other questions too, we will only score the children’s
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answers as representative of a contribution to the design problem. We consider
the questions just as a means to generate more options and criteria. We explore
whether we can observe the discussions in options and criteria. Additionally,
we study whether design methods have a measurable effect on the design con-
versations with children in options and criteria.

2.1.3 Development and assessment of a framework for design
sessions with children

Section 2.1.1 describes several studies that examined parameters affecting design
sessions with children. However, these assessments were all based on the suc-
cess of the process . Instead, we focus on the success of the output of designing
with children. Kelly et al. (2006b) stress that not only the flow of the pro-
cess is essential, but that we need a framework that describes the effectiveness
of design methods and the context in which these methods are effective, pre-
cisely what we aim with the framework. Inspired by theories on developmental
psychology, we describe the context in which we think design methods are ef-
fective from a developmental approach. The proposed framework describes
design methods in terms of skills (the context) required for a design method.
The framework uses terminology based on the theory of Multiple Intelligences
by Gardner (1999), hence the previously mentioned MIDMACC framework. By
matching the skills required to execute a specific design method with the chil-
dren’s skills, designers can guide their choice by selecting design methods for
particular age groups. We use the framework to generate hypotheses about the
expected effectiveness of design methods in creative outcomes. The following
sections present the framework and its development process. Furthermore, we
explain how we use the framework to generate hypotheses to study the output
of early design methods. Thus, it is a framework that combines Multiple Intel-
ligences, Design Methods, and Children’s Creativity (MIDMACC); therefore, we
will refer to this framework as the MIDMACC framework. Finally, we illustrate
the framework’s use with a study that compares the outcome of nominal-group-
technique (NGT) sessions with the outcome of prototyping sessions.

We apply well-defined measures to observe the differences between pro-
totyping and the nominal group technique. As explained above, rather than
focusing on the design solutions per sé, we observe the explanations of the
design solutions. In observing the explanations in terms of options and criteria
(see the previous paragraph), the design solutions generated in different me-
dia (e.g., design solutions from the nominal group technique and prototyping)
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become comparable. By comparing the options and criteria generated through
different methods, we can report the differences in children’s contributions for
each design method.

2.2 Designing with children from a developmental
psychology perspective

To develop the MIDMACC framework for designing with children, we need to
describe the characteristics of children and the characteristics of design meth-
ods. The common denominator between children and design activities lies in
human behavior. Therefore the MIDMACC framework is based on a psycholo-
gical theory. To describe the versatile skills required for design, we based our
work on the Theory of Multiple Intelligences, developed by Howard Gardner
(1983). Gardner’s theory describes human behavior from nine distinctive per-
spectives, unlike most psychological theorists, who usually take one or only a
few perspectives (Vasta et al., 1995; Gardner, 1999). First, we will determine
which of these intelligences are relevant for design, and then we will propose
a MIDMACC framework describing design methods defined by the intelligences
they involve. We will conclude this section (2.2)with a proposal to apply this
MIDMACC framework in designing with children.

2.2.1 Design requires a versatile approach

In this work, we focus on the early stages of design, in which divergence is
necessary to explore the design space of a given design problem. Divergence
requires an exploration of the design problem from different angles. In liter-
ature on creativity, we find this idea reflected in the work of, for example, De
Bono’s Thinking Hats (de Bono, 1985). De Bono proposed creative sessions in
which people approach a given problem from six predefined perspectives, e.g.,
an optimistic perspective vs. the perspective of the “devil’s advocate”. Sternberg
(2003) explains that to be creative, the skills available to the “creator” should be
deployed by different thinking styles, e.g., thinking globally vs. locally. Relevant
literature describes designing as different ways to approach a design problem.
For example, Kelley et al. (2006) describe ten personas as archetypes of the
members of a design team: the learning -, the organizing -, and the building
personas. Their point is that team members need to differ substantially and
have specific qualities to come to a successful, innovative design. Dorst (2003)
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explains that designers are vigorous in working quickly towards many different
solutions to one design problem, hence exploring the design space from differ-
ent angles. Similarly, Hummels et al. (2008) explain that designers should not
only use their analytic minds in looking for a solution to a design problem but
also their implicit and intuitive knowledge in the creation of multiple artifacts
that embody design solutions. Thus in designing with children, the children
should be facilitated in finding different ways to solve a design problem.

Then what are different approaches that design methods facilitate to solve
a design problem? Since we are looking into designing with children, our in-
spiration sources were developmental theories. However, many prominent de-
velopmental theories focus on describing one or only a few skills. For example,
Freud described the development of the ego, Piaget described stages in cognitive
development, and Vygotsky focused on development from a sociocultural per-
spective (Vasta et al., 1995; Anderson, 2000). Since we need something more
versatile, we looked into the more holistic Theory of Multiple Intelligences by
developmental psychologist Howard Gardner (Gardner, 1983, 1999). In the
next section, we will explain the theory, followed by a discussion on opportun-
ities and limitations for using this theory.

2.2.2 Different intelligences described by the theory of mul-
tiple intelligences

This section introduces the psychological theory of Multiple Intelligences and
describes the support for this theory in psychology, education, and design.

The theory of multiple intelligences explained

The Theory of Multiple Intelligences (Gardner, 1983, 1999) is rooted in biolo-
gical data, data on neurological deficits, and developmental theories. Gardner
makes two complementary claims (Gardner, 1999), (1) the theory “is an ac-
count of human cognition in its fullness” and (2) each human being has “a
unique blend of (these) intelligences”. The theory distinguishes nine different
intelligences: (1) linguistic: comprises rhetorical skills, mnemonic skills (to help
remember information), explanatory skills and meta-linguistic skills (the ability
to use language to reflect on language); (2) logical-mathematical: the ability
to apply (formal) rules of logic to quantities and to model complex problems;
(3) musical: the ability to perceive and produce pitch (melody), rhythm, timbre
and compositional form; (4) spatial-visual: the capacity to perceive the visual
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world accurately, to perform transformations and modifications on that per-
ception and to re-create (aspects of) a visual experience, even in the absence
of relevant physical stimuli; (5) bodily-kinaesthetic: mastering the process of
translating intention into bodily action and knowledge of “what comes next” to
allow smoothness of performance; (6) intrapersonal: the sense of self; (7) inter-
personal: the sense of others, and since 1999 (8) naturalistic: a talent for recog-
nition and classification of the numerous species in the flora and fauna of the
environment and (9) existentialistic intelligence: the capacity to locate oneself
to fundamentally human features like “the significance of life”, “the meaning of
death” or “ultimate fate” (Gardner, 1999).

Discussion on why this theory is interesting for design

In psychology, this theory had a significant impact for two reasons. First of all,
as aforementioned, many psychologists seek to explain human behavior from
one or only a few perspectives. The fundamental holistic approach by Gardner
is therefore innovative. His theory allowed psychologists to consider children’s
abilities beyond the scope of established sets of tests on logical, linguistic, and
spatial-visual tasks (Anderson, 2000). Secondly, the theory challenges psycho-
metric scientists relying on constructs like the Intelligence Quotient (Becker,
2003a). The theory behind the Multiple Intelligences is considered good sci-
entific work but has not yet succeeded in implementing the bodily-kinaesthetic
intelligence similar to, for example, logical thinking in the Stanford-Binet test.
The debate of whether or not all the multiple intelligences can be understood as
intelligences in itself has contributed to the theory’s reputation (D.H. Feldman
in Sawyer et al. (2003)).

Both the holistic and the psychometric point cause debate in the psycho-
logical field. Some oppose the holistic view because intelligence is something
general and cannot take different forms (Brody, 1992; Carroll, 1993). These
psychologists suggest that the acceptability of the theory is a matter of how
intelligence is defined. They think that Gardner should have called the intelli-
gences talents (Scarr, 1985), taxonomies (Brody, 1992), abilities (Carroll, 1993)
or skills (Sawyer et al., 2003). On the other hand, the cognitive sciences assume
that intelligence as a problem-solving ability can embody a yet undefined num-
ber of different forms. In that respect, Gardner’s ideas are an early contribution
to cognitive science (Calvo et al., 2008).

In this chapter, the Theory of Multiple Intelligences is a starting point for
developing the MIDMACC framework of skills required for design. It is possible
that in future work, design skills from other theories can extend this framework
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to facilitate a better selection of design methods for children. For this study,
Gardner’s theory provides a defined set of intelligences that do not overlap in
skills. The theory provides a suitable set of skills to start creating and exploring
the MIDMACC framework, similar to how the theory applies in education.

In education, teachers recognized the applicability of the Theory of Multiple
Intelligences. The holistic approach allowed them to classify children into dif-
ferent “types of smart” rather than “more” or “less” smart. Furthermore, teach-
ers experience that children have a dominant intelligence in which they are
most comfortable learning and expressing themselves (Anderson, 2000; Antle,
2007b). The Theory of Multiple Intelligences is a tool to approach a child with
media in their dominant intelligences while providing a mental exercise in the
other. For example, a child whose dominant intelligence is bodily-kinesthetic
is likely to become bored by an exercise in logical-mathematical skills on pa-
per. An exercise that teaches the child logical skills through movements is more
likely to succeed. The strategy is to introduce the logical skills with the media
of the preferred intelligence (like bodily-kinaesthetic in the example) and then
transition to the more conventional media (like pen and paper in the example).

The Theory of Multiple Intelligences can be helpful in the field of design in
the same manner: to optimize the choice for a design method for the dominant
intelligence of children at a specific age. Each child will develop a personal
profile in terms of the intelligences. However, developmental theories show
that children have common transitions in their development and that particular
skills develop in a universal order (like the stages of cognitive development as
described by Piaget in (in: Vasta et al., 1995)). A design method chosen to
suit the typical development of skills is most likely to succeed with children. For
example, it makes sense to execute a prototyping method once the children’s
fine motoric skills have developed.

Currently, in the field of design, this theory is receiving increased interest,
often to support design decisions (Cuthbertson et al., 2007; Iversen et al., 2007;
Kang et al., 2007; Raffle et al., 2007) or to design applications for education to
teach children in their preferred learning style, based on their dominant intel-
ligence, e.g., Becker (2003b) and Kelly et al. (2006a). However, as far as we
are aware, nobody has applied this theory to support selecting an appropriate
design method. The available methods to choose from should include a spe-
cification of the skills required to perform the design activity. Then, we can
examine at what age children have sufficiently acquired the necessary skills for
a particular design method. With such an analysis, we can predict which design
activities are optimal for a specific age group.
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2.3 Developing the MIDMACC framework for op-
timizing design activities with children.

In this section, we explain how we developed a framework to match design
methods to the skills of children in various age groups. Using the Theory of
Multiple Intelligences as a starting point for the framework, we describe design
methods in terms of required skills. The Teele Inventory of Multiple Intelli-
gences (TIMI, Teele, 1992) can describe children in terms of intelligences re-
lated to those skills. By matching the skills required for the design methods to
the skills of children in particular age groups, we can then generate hypotheses
about the relationship between the suitability of design methods and children
of a certain age.

2.3.1 The MIDMACC framework of skills to explain three as-
pects of designing.

To develop the MIDMACC framework for characterizing design skills, we matched
twenty-eight commonly used design methods (Bekker et al., 2003; Eggen et al.,
2003; Langford et al., 2003; Muller et al., 2003; Dindler et al., 2005) with the
intelligences as design skills. To verify the results of our matching process, we
asked nine experts in design to choose which skills they would associate with
a particular design method. The design experts are professionals in the area of
user-centered design and fulfilled the following criteria:

• Graduated with a degree in user interface design, of at least a university
master’s level, for example, from

– Industrial design, with a portfolio that shows projects which dealt with
the development of user interfaces;

– a postmaster course in User System Interaction;
– Media Interaction;

• Currently working in this area, with active knowledge about and experi-
ence with design methods.

We provided the designers with descriptions of the methods and the defini-
tions of the intelligences. Furthermore, we asked them to motivate their choices.
The result is shown in table 2.1 giving an overview of which method is associ-
ated with a specific intelligence. The table’s columns show the intelligences,
and the rows represent the design methods. A particular intelligence is con-
sidered required for a method if at least five out of nine observers included that
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intelligence. The scores represent the number of observers that included that
intelligence, the shading is consistent with the score, the more observers in-
cluded that intelligence, the darker the shading. Note that the shading does not
necessarily imply how much the skill is used in the method; we are currently
only looking for the likelihood that a design method requires a specific skill. The
table further shows the cluster analysis results reported below and the division
in skills we created based on the observations of the designers.
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To interpret the data, we performed a cluster analysis using a binary measure
with squared Euclidian distance (Everitt et al., 2001; Caraux et al., 2005). If
we accept a level of clustering for which all twenty-eight methods belong to a
cluster, the analysis shows four groups of methods. The four clusters of methods
in terms of the intelligences are:

1. The linguistic methods (9 methods);

2. The linguistic/interpersonal methods (8 methods);

3. The spatial-visual methods (8 methods); and

4. The linguistic/interpersonal/bodily-kinaesthetic methods (3 methods).

Depending on the linking applied within the same cluster analysis, the lin-
guistic/interpersonal methods are clustered with group one (average linkage)
or group four (complete linkage or linkage using the Ward method); therefore,
we consider this group a fourth distinct group. Table 2.1 shows the four groups.
The clusters show that distinctive features for design methods are the type of
required skill (linguistic vs. spatial-visual) and the number of required skills:
one, two, and three or more skills. The table also shows that the most im-
portant skills for design are linguistic, interpersonal, spatial-visual, and bodily-
kinesthetic skills. By clustering the methods for the number of intelligences, we
can group the methods with similar demands in terms of skills. It allows not
only to formulate a hypothesis for comparisons between methods and between
groups of methods.

Our observations, the interpretations of the observing designers, and the
cluster analysis revealed that a design method requires skills in three different
aspects:

1. the participant’s skills in communication i.e.

• comprehension of instructions, and
• expression of the contribution (e.g., Sternberg, 2003; Barendregt et

al., 2005)

2. executing design activities

3. method specific or product domain related skills

We had not asked the designers to consider the design methods with these
distinctions, but in the motivations for their choice, seven of them spontan-
eously made that distinction: they explained they always included the commu-
nications skills or left them out to state only the skills that were required for the
design activity per sé. Using the Theory of Multiple Intelligences as a description
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of skills, we can explain and examine design skills in these three aspects. The
communication skills (1) are linguistic and interpersonal, the skills for design
activities (2) are primarily linguistic, interpersonal, spatial-visual, and bodily-
kinaesthetic, the skills in the area of the product domain (3) depend on the
(subset of) characteristics of the product domain that the designer is interested
in to explore with the target user group. Since the Theory of Multiple Intelli-
gences is “an account of human cognition in its fullness,” we assume that it can
describe the skills required in the product domain.

For better understanding, we illustrate the groups of intelligences with some
examples. Communication skills are, e.g., skills to make a conversation (lin-
guistic) and to understand the behavior and motivations of your communica-
tion partners (interpersonal skills), for example, to understand the design brief
and express and exchange your ideas. Skills for design activities are to under-
stand instructions (linguistic), understand how to relate to others participating
in the design activity or to relate to the target user group (interpersonal), to
draw, sketch or create an overview (spatial-visual) and to handle objects, make
gestures or simulate actions. Skills that are not in the previous groups can be re-
quired in certain problem domains, for example, musical applications (musical
intelligence).

During the development of the MIDMACC framework, designers described
design methods based on the theory of Multiple Intelligences. This description
provides the means to connect the field of psychology to design. The advant-
age is that we can apply these psychological constructs in design research. This
MIDMACC framework is an attempt to explore the possibilities of such a con-
nection in design research. Furthermore, the chosen versatile approach includes
parameters previously studied in isolation. For example, gender differences af-
fecting the design session (see for example Stienstra (2003), Isomursu et al.
(2004) and Hou et al. (2006)) would be an interpersonal issue, and verbal-
ization skills (measured in a usability study by for example Barendregt et al.
(2005)) would be a linguistic parameter.

It is essential to distinguish between the three types of skills (communica-
tion skills, executing design activities, and product domain-related skills) when
examining and optimizing design methods for two reasons: (1) to focus on
the skills that are necessary for the design act as such, and (2) to differenti-
ate the necessary skills for communication and product domain. For example,
for a musical application, it is required to have musical skills to come up with
creative and relevant ideas. However, we are not aware of a design method
that requires musical skills per sé. Such is also the case for naturalistic and
existentialistic skills. For this work, we focus on (2) the children’s execution
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of the design method. We propose some directions with which designers can
optimize their choice to design with children, inspired by the Theory of Mul-
tiple Intelligences. We want to study these directions through empirical design
studies based on the information that design methods provide. In such studies,
we have to ensure that the skills required for communication and the product
domain remain comparable.

2.3.2 Children’s development in terms of skills

To further develop the MIDMACC framework to indicate which method would
work best at what age, we need to know what the children are capable of at a
certain age. Currently, there are a plethora of online self-tests available on the
web. Only two pen and paper instruments that we are aware of show a rigorous
scientific approach that can describe children’s skills in terms of Gardners mul-
tiple intelligences: the TIMI (Teele, 1992, 2017) and the MIDAS (The Multiple
Intelligence Development Assessment Scales for Children). The MIDAS seems
to score better than the TIMI on internal consistency (Shearer, 1997; McMa-
hon et al., 2004). However, the TIMI seems to be the most widely used, among
primary schools in the USA (Teele, 1996), in high schools (Diaz-Lefebvre, 1999)
or in different research fields, for example, to find gender differences in dom-
inant intelligences (Loori, 2005), or to identify differences on intelligence of
children from different socio-economic backgrounds (Erkan et al., 2013).

The TIMI is a forced-choice pictorial inventory that contains fifty-six numbered
pictures of panda bears representing characteristics of each of the seven skills.
The TIMI asks children to associate themselves with the intelligences. Each in-
telligence is represented in eight pictures. The children perform a paired com-
parison of each possible combination of any two intelligences. They match their
behavior with the behaviors depicted in the test. Based on which picture they
feel describes them best, they choose one of the two pictures in each compar-
ison. Table 2.2 shows an overview of the results based on 6000 answer sheets
from schools in the United States. The table shows which skills are the most or
the least dominant for a specific school grade. The dominance level is ranked
by the numbers one to four, where one means most dominant (Teele, 1996).

The table shows the main intelligences of children in a particular school
grade. An empty cell means that the corresponding intelligence plays a less
dominant role in a child’s development during this school period. By address-
ing children with media (or activities) that comply with their dominant intelli-
gences, it is more likely that children in that age group are motivated to parti-
cipate in the activity.
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Skill Linguistic Interpersonal Spatial-Visual Bodily-Kinesthaetic Logical-Mathematical Intrapersonal Musical

Design Relevance Domain specific

Kindergarten 3 1 2 4

First Grade 4 1 3 2

Second Grade 4 1 2 3

Thirde Grade 4 3 1 2 4

Fourth Grade 3 1 2 4

Fifth Grade 3 1 2 4

Sixth Grade 3 2 1 4

Middle School 1 2 3 4

High School 1 3 2 4

Communication Design Skills

Table 2.2: The change in dominance levels of the intelligences per school grade accord-
ing to Teele (1996). The dominance level per grade is ranked by the numbers
one to four and represented by different shading of grey. The darkest shade
of grey (1) means most dominant. An empty cell means that the intelligence
plays a less dominant role in the development of a child during this school
period. The second and third column groups the intelligences by the type of
involvement in designing: (1) communication, (2) the act of designing, and
(3) method or product-specific skills.

The combination of table 2.2 and table 2.1 allows a theoretical prediction of
whether a design activity will match successfully with children of a particular
school grade. Similar to how the theory of Multiple Intelligences is applied in
education to select an educational method for children, designers can use these
tables to select a design method for children. The next step to the development
of such extension of the MIDMACC framework is to explore which opportunities
and limitations this approach holds for design practice. In this chapter, we want
to make a start by exploring these opportunities and limitations. First, we will
explain in more detail how such an extension of the MIDMACC framework could
work.

2.3.3 Generating hypotheses from children’s characteristics
and method characteristics.

Comparing table 2.1 (skills required for design methods) to table 2.2 (domin-
ance of the intelligences vs. the different school grades) leads to interesting hy-
potheses about the extent to which a design method is appropriate for children
at a specific educational stage. Table 2.2 suggests that children want to be in-
volved in spatial-visual design activities until the fifth grade of a primary school
(equivalent to around eleven years of age). At a later stage, the interpersonal
intelligence becomes dominant, which suggests that a method from the clusters
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which include the interpersonal intelligence would be more appropriate.

From this observation, the most interesting hypotheses are those concerned
with the suitability of design activities for particular age groups, based on a
match between the skills required for a design method and the dominant skills
of that particular age group. However, to validate such a hypothesis requires a
study into which different age groups can use different design methods. Also,
it requires validation of the TIMI for Dutch children. At a later point, we con-
ducted such a study (see Appendix A), where we found that the TIMI did not
provide the same results as American children, but also we experienced some
methodological issues when applying the TIMI. At this point in our research,
we avoided the risk of such complications by exploring the MIDMACC frame-
work with a more straightforward approach to find evidence that this MIDMACC
framework is fruitful. Therefore we focus on a hypothesis concerned with the
number of skills involved in a design activity.

The program-experiment examines a possible relationship between design
methods and the number of required skills. The prerequisites for comparing
design methods are

• a research methodology that allows design methods to be comparable,

• a new instrument for measuring children’s design output, and

• an estimation of whether the skill-based MIDMACC framework proves fruit-
ful in selecting a method for designing with children.

2.4 Program-experiment into design space explor-
ation

The program-experiment in this chapter is a design session with which we study
the hypothesis that the more skills a design method involves in an early-design
session, the better the design space is explored. In the following sections, we
will first explain this hypothesis; then operationalize the hypothesis to compare
an NGT method and a prototyping method. Initial insights from this study,
based on a small subset of the data (four of the thirteen groups from this study),
were presented in Sluis-Thiescheffer et al. (2007a).
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2.4.1 Hypothesis: The more skills involved in the design
method, the more Options, and Criteria generated in a
design session

In the early stages of the design process, the design space needs thorough ex-
ploration to find innovative solutions for the design problem. In the previous
paragraph, we explained that divergence is essential in an early design phase.
To reach divergence (in terms of our MIDMACC framework), we hypothesize
that the more skills involved in a design method, the more approaches are
available in that method. A method that only involves linguistic skills leaves
for generating ideas only a linguistic approach through, e.g., reading, speaking
aloud, or writing. A method that also involves spatial-visual skills facilitates a
designer in a spatial-visual way, allowing to approach a design problem with
sketching, drawing, or creating a map (e.g., a cognitive map).

As a result, we expect that the more skills involved in a design method, the
better the design space is explored. We expect a more limited exploration for
a design method involving a limited number of skills. For a design method
involving more skills, we expect a more thorough exploration of the design
space.

2.4.2 Comparing the Nominal Group Technique (NGT) and
Prototyping.

This study is the first exploration of the MIDMACC framework. Therefore we
wanted to select a method that is (1) well established, (2) works with children,
and (3) fits our hypothesis of being a method requiring a minimal or a maximum
set of skills. We initially explored the method of brainstorming. Brainstorming
is one of the most established and well-recognized methods in the early phases
of design, and although it requires two skills, two is still a low number, and we
had no reason to believe that it would not work with children. Brainstorming
has a long history by the definition of Osborn (1942) “a conference technique
by which a group attempts to find a solution for a specific problem by amassing
all the ideas spontaneously by its members.”

However, the pilot study reported in chapter 2 showed that in a brainstorm-
ing session, children copied the ideas of their best friends openly or claimed they
generated the same idea as the most dominant child in the group. This effect is
described as cognitive tuning in working with adults. Fern (2001) explains that
cognitive tuning is the phenomenon that members of a group “tune into” each
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other’s mindset, limiting the potential diversity in ideas. To avoid cognitive tun-
ing with a method that resembles brainstorming, we exchanged brainstorming
for the nominal group technique (NGT), in line with Fern’s recommendations.
The NGT allows the children to develop their ideas on their own before sharing
them with a group hence avoiding cognitive tuning.

Therefore, our considerations for choosing NGT are not exclusively driven
by the MIDMACC framework. It makes a case for the study stronger: from the
perspective of the MIDMACC framework, it is a method with only one required
skill, which contrasts even stronger with the skills required for prototyping.
However, at this point in the development of the MIDMACC framework, (1) the
aspect of a minimal number of skills is more important than the linguistic rep-
resentativeness of the skills and (2) we think that practical drivers are equally
important; we want to make a point with a method that is recognized, widely
used and that avoids a bias in measuring the design skills of children.

The cluster of methods associated with the largest number of skills is the
cluster with linguistic, interpersonal, and bodily-kinesthetic skills. Within that
cluster, prototyping (Muller et al., 2003) corresponds with the largest number
of skills. Muller et al. (2003) defines prototyping as: “Creating an understand-
ing for an artifact and changing the artifact to explore understandings of one
another’s positions, to question one another’s approaches, and to accommodate
the heterogeneity of views and interests.” We explore the difference in output
between the Nominal Group Technique and prototyping for the study. In the
next section, we will explain how the difference in output is measured, despite
the differences between the media of the generated design solutions.

2.4.3 Measuring design space exploration in terms of Op-
tions and Criteria

We explained that using explicit measures could improve the design method as-
sessment in the introduction. At the same time, we want to make design output
comparable. To compare brainstorming and prototyping, we want children to
discuss their ideas and support them with arguments to measure information in
the design discussion. Design discussions with adults have been explored by, for
example, MacLean et al. (1996) and Olson et al. (1992). They analyzed discus-
sions between designers in terms of MacLean’s model of Questions (Q), Options
(O), and Criteria (C). By creating an Options and Criteria diagram, designers
are better able to formulate questions (Q) to come to a more explicit design
rationale. Our study adopted the QOC-model to describe a discussion on early



50 Developing the MIDMACC framework

designs.

The difference between MacLean’s study and our study is that MacLean stud-
ied conversations among designers. In that situation, each designer tried to
understand the design space. Therefore, all participating designers generated
Questions to understand each other, and they generated Options and Criteria to
explain their understanding to each other. In our case, the designer, or moder-
ator of the design session, mainly tries to understand the children, for the chil-
dren not much is at stake to gain a thorough understanding from each other.
Therefore we do not focus on the children’s questions but rather on the options
and criteria they generate. Before explaining more about the setting in which
we studied the conversations, we will first explain the design problem we shared
with the children.

A telecommunication company provided a design problem they were work-
ing on, two realistic cases to design a device for children in a primary school.
The goal of the design cases was to establish live communication between a
child at home and the class in school. The live connection supports a child in
attending class when (s)he is almost recovered from an illness. The child cannot
come to school yet but is mentally fit enough to attend at least some class hours.
We want the children to generate ideas about a device located in class and at
home. The design space focused on interface solutions in the home situation
and at school. The school situation was further specified for two typical class
situations, thus providing the two design cases. In one case, the focus was on
a collaborative activity, where the child would work in a small group of peers
(the “group work” case). In the other case, the focus was on a class activity:
the child pays attention to the teacher, who is actively teaching in front of the
classroom (the “teaching” case).

The following example explains how we applied the QOC-model to this
design problem. A device that could solve this design problem is a TV: an op-
tion. An ordinary TV would not suffice, as interaction with the class is required.
The TV is therefore only a good solution if it can record who is watching (cri-
terion 1) and what the person is doing (criterion 2). The criteria are the success
descriptors of the options.

With the QOC-model as a coding scheme for the information that the chil-
dren will generate, we hypothesize that the more skills involved in a particular
design method with children, the more Options and Criteria the children will
bring forward.
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2.4.4 Method

Focus group setting

As explained above, the basis for comparing NGT-output with prototyping out-
put is the conversations about the generated design solutions. For the study’s
setup, we have to choose between group conversations and one-on-one con-
versations. Hennessy et al. (2005) report that in a focus group, the dynamic
interaction of five children will elicit more information than a one-on-one inter-
view because there is less emphasis on the adult-child relationship. (Langford
et al., 2003) report that design activities with user-participants are often group
activities. For the group size, Hennessy et al. (2005) report that a focus group
session is done best with a maximum of five children. A group of five children
is large enough to have at least one talkative child and yet small enough to give
each child sufficient attention.

We can analyze on a group level and a per-child basis. All observed options
and criteria during the group conversation are taken into account on the group
level. However, although the group design has its advantages for the involve-
ment of children, the group work could average out the differences that are the
focus of this study. Therefore we will also perform an analysis based on the
explanations of the individuals.

Participants

The study we present in this chapter focuses on children of eight to twelve
years of age, in marketing terms also referred to as "tweeners." They are the
group who are often targeted for product development because they firstly ad-
opt "leftover" technology by their parents, they have relatively much free time,
receive pocket money, and are greatly influencing buying decisions (Acuff et al.,
1997; Dillen, 2001).

The recruitment brief invited children to the session focused on grade five.
In grade five, there are children in the age range of 9-11 and thus allowed
us to recruit a more homogeneous group. In each grade, some children are
ahead, and some are behind the developmental milestones associated with this
age group. Thus we argue that by focusing on grade five, we will stay within
the range milestones of 8-12-year-olds, including possible outliers that perform
below or beyond the developmental milestones.

The recruitment process resulted in thirteen groups of ten-year-old children
participated in the study (a total of sixty-seven children). In three sessions,
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the group size slightly differed. A child was added to compensate for a missed
session in two sessions. All groups were of a mixed-gender composition (at least
two of each gender). All children were in grade five of a Dutch primary school.
Three primary schools, one from the center of the Netherlands and two schools
from the south of the Netherlands, took part in the study.

Recruiting so many children for this study might seem a large number. How-
ever, each group of children produces essentially one data point for our analysis:
thirteen data points are collected. Using repeated measures to analyze the data,
usually six or seven data points should suffice Vickers (2003). For this study, a
within-subject design is used (see below), and when we analyze for potential
order and interaction effects, seven data points easily break down into a mar-
ginally small number of data points, resulting in not enough statistical power to
exclude a bias. Furthermore, the thirteen groups include some over-recruitment
to compensate for possible loss of data. Therefore, sixty-seven children are a
reasonable number of participants.

Within-subject design

A within-subject design was applied. Each group of five children participated
in both an NGT-session and a prototyping session. A typical session would have
the following setup:

1. General introduction

2. Introduction of the first case

3. Introductory questions to warm up for idea generation

4. Individual time to write ideas (NGT)

5. Group discussion on the written ideas

6. Introduction of the second case

7. Introductory questions to warm up for idea generation

8. Individual time to create a prototype

9. Group discussion on the prototypes

10. Rounding off

Figure 2.1 illustrates the setup, where children are in the process of writing
ideas (left photo) or creating a prototype (right photo). Children are wearing
a wireless microphone throughout the session. Individual recordings provide
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Figure 2.1: Example overview of the individual time to write ideas (left) and to create
a prototype (right) in progress. Children are wearing a wireless microphone
throughout the session. Individual recordings provide high quality audio for
transcription of their design solutions during the group discussion.

high-quality audio for transcription of their design solutions during the group
discussion.

In the group discussions, the experimenter would ask a maximum of two
questions to keep the discussion on one idea going. WE instated the limit to
treat talkative and less talkative children similarly, hence avoiding a bias in
feeding the discussions by the experimenter.

The discussed case is assumed not to affect the number of options and cri-
teria; the two cases were included to avoid a feeling of performing a redundant
activity among the participants. To avoid an influence of order and possibly of
the case, we performed the sessions in four variations of method (NGT or pro-
totyping) and case (group work setting or teaching setting) illustrated in table
2.3:

Methods → NGT 1st; Prototyping 1st;
Cases ↓ Prototyping 2nd NGT 2nd

Teaching 1st NGT for Teaching; Prototyping for Teaching;
Group work 2nd Prototyping for Group work NGT for Group work
Group work 1st; NGT for Group work; Prototyping for Group work;

Teaching 2nd Prototyping for Teaching NGT for Teaching

Table 2.3: Overview of the combinations of design cases and methods dealt with in a
focus group session.

In total, there are four possible variations of table 2.3 to control for each
form of interaction of case, method, and order, resulting in a total of sixteen dif-



54 Developing the MIDMACC framework

ferent sessions. However, we are only interested in the difference between NGT
and prototyping. Therefore the study was performed using an incomplete block
design, i.e., we only conducted four of sixteen possible variations as displayed
in table 2.3. We will analyze order effects to understand whether an incomplete
block design was justified.

Session length

Initially, the plan was to allow the children fifteen minutes to develop ideas
or a description in each creative session. However, a pilot study with adults
showed that in an NGT session, most participants finished their description after
approximately ten minutes and became rather bored during the remaining 5
minutes. In the prototyping session, the participants were frustrated because
they felt they had insufficient time to finish a proper model of their design idea.
Therefore, we decided to shorten the time for the NGT session by five minutes
and lengthen the prototyping sessions by five minutes. Our studies with the
children showed that most of the group members finished within these time
limits. By allowing a different time window for both methods, we potentially
introduce a confounding factor of time to generate ideas. However, we still
think the sessions are comparable for two reasons. The first reason is that in
both sessions, the timeslot is now compatible with the time the participants
need to finish the activity hence avoiding bias by boredom or frustration. The
second reason is that in the discussion following the activity, we allow the same
amount of time and prompts to explain the ideas developed by both methods,
allowing the same window to express several ideas. In the pilot study, we found
that the participants used the whole time window after both activities.

Each session was recorded using video and audio recording devices. For
the video recording, we used a mobile usability lab consisting of two digital
cameras, a video mixer, and a digital encoder (for converting the analog video
signal) connected to a laptop via a Universal Serial Bus (USB) connection. We
equipped each child with a wireless microphone, thus being recorded on an indi-
vidual soundtrack, a necessity for the transcriptions. The audio tracks were tran-
scribed using the audio editor Audacity (Audacity, 2006). One of the authors
and one research assistant took care of the transcriptions. The transcriptions
contained a timestamp for each utterance, a number indicating the speaker, and
a code to indicate overlapping speech. Comments of the transcriber on an ut-
terance were noted between square brackets; for example, [laugh] for laughter,
[unint] for unintelligible, or [takes picture] when the moderator took a picture
of the prototype. Figure 2.2 shows an example of coding the conversation.
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E: well, what did you make?

3: This[O1] is a kind of a broadcasting[C1.1]

device[O1], actually it[O1] consists of three

parts[C1.2], and I have only one. This[O2] is

let's say the receiver[O2], and then I needed

another piece of carton which would be the

screen[O3]...

E: hm hm

3: ...and then there is, let's say a camera[O4]

that records the teacher[C4.1] and this[O2]

will receive that[C2.1] and that will go via

this[O2] to that TV[O5], to that screen[O3].

Figure 2.2: A piece of transcript of a prototyping session where E stands for Experi-
menter, and 3 indicates child 3 talking. [On] codes an option, [Cn.n] codes
a criterion.

2.5 Analysis

All conversations were transcribed verbatim, and two observers scored for op-
tions and criteria. A third observer analyzed one transcript to perform an inter-
rater agreement analysis as an extra check. Furthermore, we checked whether
the groups of children were comparable in terms of their intelligence profiles
according to the Theory of Multiple Intelligences.

2.5.1 Any-two-agreement of 61% on average in observing Op-
tions and Criteria

Several measures are available to determine inter-coder reliability, for example,
Cohen’s kappa and the any-two-agreement measure (von Eye et al., 2005). Co-
hen’s kappa (Cohen, 1960) is a commonly used measure that estimates the pro-
portion of agreement between two evaluators after correcting for the proportion
of chance agreement. However, Cohen’s kappa is based on each evaluator clas-
sifying the same observation points. In the case of free detection of Options
and Criteria, evaluators may not have observed the same number of items to
be coded, resulting in different observation points. An any-two-agreement cal-
culation (Hertzum et al., 2001) is not restricted by a fixed set of observation
points and, therefore, more suitable to estimate the inter-coder consistency in
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our study.
Three observers independently coded both the prototyping and the NGT ses-

sion of one group of five children to determine the consistency of the proposed
coding scheme. We observed Options and Criteria and repetitions of Options
and Criteria in the conversation. Therefore the possible outcomes of the com-
parison were:

1. Agreement: both observers coded a phrase as an option or as a criterion;

2. Disagreement: only one observer coded a phrase as new, while the other
did not code it;

3. Disagreement: only one observer coded a phrase as new, while the other
coded it as a repetition of an option mentioned earlier;

When describing the design space in Options and Criteria, repetition does
not add new information to the design space. Hence if one observer did not
score anything where the other observer scored a repetition, no information is
lost. Table 2.4 shows that the agreement between the three observers is 61%.
We consider this agreement sufficient to continue to the results.

Observer Agree Unique A Unique B Disagree
pair (1) (2) (2) on rep (3)
1x2 66.7% 7.3% 17.3% 8.7%
1x3 56.0% 14.6% 20.2% 9.3%
2x3 60.7% 14.6% 13.9% 11.1%

Average 61% 12% 17% 10%

Table 2.4: Number of agreements, number of unique observation points for each evalu-
ator, and number of disagreements in coding options and criteria in the tran-
scripts of the design conversations.

2.5.2 Representative profiles of Multiple Intelligences

We based the hypothesis on which activities would suit the skills of the children
best on the profiles as identified by Teele (1996). An extremely odd group
profile of multiple intelligences would be a confounding factor to our results.
For example, if none of the children would associate themselves with linguistic
intelligence, this could have a strong influence on the results.

Since we based our hypothesis on addressing children’s multiple intelli-
gences, we asked them to fill in the TIMI individually. Figure 2.3 provides
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an overview of the results. Each column indicates the average rating of an
intelligence by the children (sixty-four children) using the TIMI. The 0.5 - con-
fidence intervals show the spreading of the ratings. To examine the coherence
between the children’s ratings, we calculated W, Kendall’s coefficient of con-
cordance (Siegel et al., 1988). All sixty-seven children were asked to complete
the TIMI. Unfortunately, three TIMI forms returned incomplete.

For the remaining sixty-four children(k=64) and seven intelligences (N=7),
the coefficient of concordance is W= 0.440. Using the table of Critical Values
for Kendall’s W (Siegel et al., 1988), W is significant with α=.01, meaning that
the raters are not independent. Thus, the children are sufficiently coherent in
their ratings. Given Kendall’s W, we accept figure 2.3 as the general overview
of dominant intelligences of the children in this study. Thus the children are
sufficiently coherent in rating themselves. Given Kendall’s W, we accept Figure
2.3 as the general overview of dominant intelligences of the children in this
study.

All groups associated themselves mainly with the interpersonal - and the
bodily-kinaesthetic intelligence. The profile of these Dutch children in grade
five is not identical to the profile for grade five presented by Teele on a study
with American schools (see table 2.2), but still consistent in terms of having
the same set of dominant skills. It is also compliant with the typical view in
developmental psychology, indicating that the children’s motoric and social de-
velopment is dominant in this age group (e.g. Breeuwsma, 1994).

2.6 Results

Below we will present the results of the study. First, we determined whether
there was a difference in the number of options and criteria generated by the
children during the two design methods. Second, we will explore possible in-
teraction effects and order effects.

2.6.1 Significantly more Options after prototyping session,
no difference for the Criteria

We coded options and criteria in the protocols of thirteen groups, eleven groups
of five children, and two groups of six children. However, during one session,
one child did not complete the entire session. Therefore that session was left
out of the group analysis, leaving twelve groups.
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Figure 2.3: Overview of the average intelligence profile of the participating children in
the thirteen groups. Each bar represents the relative dominance level of
intelligences. The error bars show the 0.05 confidence interval around the
mean.

The conversations after prototyping showed a significantly larger number of
options (Mpr ot−opti ons = 37.000) than the conversations after the NGT (MNGT−opti ons =
28.667); using repeated measures shows a within-subject contrast of F=22.883
and p ≤ 0.001. The conversations after prototyping did not show a significant
difference for the number of criteria (Mpr ot−cr i t = 95,167) compared to the con-
versations after NGT (MNGT−cr i t = 94.917); using repeated measures shows a
within-subject contrast of F=0.001 and p ≤ 0.980. Figure 2.4 shows the means
and the respective confidence intervals for the options and criteria per group.

The difference between the two methods is significantly different for the op-
tions. For the criteria, however, we did not find a significant difference. As
explained, the group interactions could average out this potential difference
between the two methods. However, the analysis on a per-child basis shows
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Figure 2.4: The average number of options and criteria generated per group of children
in a focus group session, either after an NGT session or after a prototyping
session. The error bars in the figure show the 0.05 confidence interval, using
repeated measures of the general linear model. The confidence interval is
divided by

p
2, to display a representative confidence interval for a within-

subject contrast (Loftus et al., 1994).

similar results. The conversations after prototyping showed a significantly lar-
ger number of options (mpr ot−opti ons = 7.789) than the conversations after the
NGT (mNGT−opti ons = 6.035); using repeated measures shows a within-subject
contrast of F=12.002 and p ≤ 0.001. The conversations after prototyping did
not show a significant difference for the number of criteria (mpr ot−cr i t = 20.035)
compared to the conversations after NGT (mNGT−cr i t = 19.982); using repeated
measures shows a within-subject contrast of F=0.002 and p ≤ 0.967. Figure 2.5
shows the means and the respective confidence intervals for the options and
criteria per child.

2.6.2 No bias from interaction - or order effects

The setup of the study is controlled for interaction and order effects. The ana-
lysis on the groups did not show any significant differences. However, the
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Figure 2.5: The average number of options and criteria generated per child in a focus
group session, either after an NGT session or after a prototyping session. The
error bars in the Figure show the 0.05 confidence interval. The confidence
interval is divided by

p
2, to display a representative confidence interval for

a within-subject contrast (Loftus et al., 1994).

number of groups was probably too small to find an order effect. Visual in-
spection of the data showed a possible order effect for the method applied.
Therefore the data was further analyzed on a per-child basis. To analyze the or-
der effect, we removed the outliers beyond the two standard deviations interval
around the mean. Figure 2.6 and Figure 2.7 show the means and the respect-
ive confidence intervals for the options and criteria per method per child. Each
pair of bars compares the same design activity and the same design case. The
only difference is whether the design activity was performed first (left bar) or
second (right bar). Although from the graphs, it seems that more differences
are significant, after applying a correction with the False Discovery Rate (Ben-
jamini et al., 1995), there are only significantly more criteria generated when
NGT was applied first than when NGT was applied second in the teaching-
design case. Univariate analysis of variance revealed a non-significant trend
in the predicted direction, indicating that when NGT was applied first, children
generated more criteria (M = 26,14,SD = 9,063) than when NGT came second
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(M = 14,00,SD = 6.758,F = 2,142and p = 0,156). However, the between-subject
contrast was significant for the teaching-design case (F = 15.379, p = 0.001), in-
dicating that the design case triggered more criteria if children dealt first with
that case.

Visual inspection of the graphs shows that in any session when NGT was
applied first, NGT resulted on average in more options and more criteria than
when NGT was applied second. Furthermore, regardless of design case, when
prototyping was applied second, the group discussion resulted in more options
and more criteria than when prototyping was applied first. Because we con-
trolled for order in the study setup, this finding does not affect our conclusions
regarding the hypothesis of this study.

Figure 2.6: The average number of options generated per child in a focus group session,
either after a NGT session or after a prototyping session, split by method,
design case and order. The error bars in the Figure show the 0.05 confidence
interval.
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Figure 2.7: The average number of criteria generated per child in a focus group session,
either after a NGT session or after a prototyping session, split by method,
design case and order. The error bars in the Figure show the 0.05 confidence
interval.

2.7 Discussion

In this section, we will first discuss the results of the study. Then we will dis-
cuss the extent to which the study was successful in being an example study on
exploring hypotheses about design methods for children based on the Theory
of Multiple Intelligences. Finally, we will discuss how the MIDMACC frame-
work can support initiating more research in optimizing design methods (for
children).

2.7.1 Comparing design methods: prototyping versus nom-
inal group technique

The study results show that, as expected, the discussions after the prototyping
activity generated more options than after the NGT activity. However, unexpec-
tedly, we did not find a difference in the criteria. The number of criteria gener-
ated is non-discriminative for these two methods. We could argue that options
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generated in the NGT activity require more explanation than criteria. Children
could have felt an urge to explain the options better than with prototyping. With
NGT, they only had a paper to read from and the ideas in their head. In the case
of prototyping, they had an object that complements the verbal explanation.
This compensating behavior biases the differences in criteria between the two
methods. Another explanation is that the number of criteria is not dependent
on the method but the product domain. Criteria do not only further specify the
options (e.g., number and size of options) and explain more about the context
in which the options make sense (locations and values associated with the op-
tions). A thorough qualitative analysis could shed light on potential qualitative
differences between criteria from both methods.

A possible confound could have been with the order in which we offered
the cases "group work" and "attending class," but we did not find a significant
difference. Visual inspection shows a similar pattern for both conditions: in
the first session, children generated more options and criteria when perform-
ing the NGT method. Future research with a control group could investigate
whether the differences found differ significantly from a control group. In one
case, there was a significant order effect. When NGT was performed first, the
children generated on average more options and criteria during the prototyping
session than when NGT was performed second. When prototyping was per-
formed first, the children generated on average fewer options and criteria than
when prototyping was performed second. These order effects did not affect
our results, as we controlled for an order effect (see Figure 2.6 and 2.7) in the
design of the study. The effect turned out to be small but consistent; visual in-
spection revealed that differences in options and criteria between the sessions
point in the same direction. The most productive order of these two methods
is to perform an NGT session first and then a prototyping session. This finding
gives quantitative support to the general idea that NGT is very suitable as a
warming-up activity (as suggested in, e.g. Langford et al., 2003). A new finding
is that prototyping seems counter-productive for the NGT session following that
prototyping session.

Using MacLean’s definitions to observe options and criteria, we conduct a
quantitative study on design conversations. That is the line of research we want
to pursue in this chapter. Chapter 4 and chapter 5 describe a complement-
ary approach. We look for differences between both methods for novelty and
creativity in those chapters. Additionally, it would be interesting to perform a
discourse analysis to learn whether there are structural differences between the
options and criteria from both methods. For example, whether the options and
criteria from both methods are equally informative in linguistic terms. Quantit-
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ative, qualitative, and structural evidence can support a designer in choosing a
design method for designing with children.

The session length could have been a confounding factor since we allowed
more time for the children to develop their low-fi prototype. However, as ex-
plained, we preferred to have most children finish their design sessions. It ap-
peared that for both design sessions, this time-interval was sufficient. Using a
different amount of time, the children finished the description (NGT) or manu-
facturing (prototyping) of their idea within the time given. A pilot study showed
that using five minutes for both methods, the children would have felt that they
had not developed their prototype well enough. Allowing ten minutes for both
methods, the children would have become rather bored after five minutes in the
NGT condition. What seemed more decisive in the measurements is how skilled
the children were in explaining their options and discussing the criteria with the
other children. Therefore, it was good to include a maximum of two questions
in the protocol to ask the children to elaborate on their ideas. Two questions
were sufficient to prompt the less talkative children without making them feel
uncomfortable, and the number was small enough to limit the talkative ones.
In doing so, we think we achieved a fair distribution of speaking opportunities
for each participant and each method.

Another possible confounding factor is that some children extended their
design solutions from the first design case to fit the second design case. To avoid
redundancy in their explanations, they continued with sentences such as "this
is again a robot, but now it has functionality x and y." Thus, they might have
expressed a lower number of design solutions in the second discussion because
they would not explain the original concept. This effect is, however, small.
When we inspected the discussions, the children mostly used such phrases to
start. They then explained how the same functionality would work in the new
context or explained new functionality. The references they made could be
traced back to the discussion in the first part to understand the starting point.

These references might have affected the any-two agreement. The any-two
agreement just met the threshold for ‘substantial’ agreement of 0.61, just above
‘moderate’ (Landis et al., 1977). Discussions between the observers about the
differences sometimes dealt with how a reference to an existing design should
be scored as a new option (after all, it was a new session) or should be disreg-
arded (it refers to an option that originates from a previous session). A stricter
protocol could help to resolve this discussion.

The intelligence profiles were slightly different for grade five in Dutch chil-
dren than the profile for children in grade five of American children. The differ-
ence in the number of participating children in this study (seventy-six children



2.7 Discussion 65

in thirteen groups) and the American study (>6000 children) could account
for this minor shift in the profile for a child in grade five. For the hypothesis
studied in this study, the Dutch profile was not sufficiently different to affect the
outcomes: there is only a difference in the order of dominance; the four dom-
inant skills are the same. The difference could be of influence on hypotheses
that zoom in on particular intelligences, such as comparing the success of meth-
ods between two grades. Therefore it is recommended that further studies on
the use of this MIDMACC framework include the use of the TIMI (Teele, 1992).
The TIMI, or an alternative with higher internal consistency, helps to control for
possible differences in the profiles described by Teele (1996) and the profiles in
the children participating in the study.

2.7.2 Comparing methods requiring more design skills with
methods requiring fewer design skills

Another point for discussion is whether the two methods compared in this study
represent the clusters, i.e., whether based on this study, we can also conclude
that dramas (a many-skill method) will result in more options than storytelling
or questionnaires (both one-skill methods). Further research could validate this
assumption by comparing other methods from the clusters used in this study.

The difference in options supports our hypothesis that prototyping results
in more information than NGT. As prototyping involves more intelligences than
NGT, the results also support the idea that the involvement of more intelligences
leads to more design solutions than fewer intelligences. Hence the support we
found for this hypothesis encourages to use the MIDMACC framework for fur-
ther exploration of the suitability of design methods based on multiple intelli-
gences. This study was a comparison in the bandwidth of design skills. Further
studies should provide insights into whether the MIDMACC framework can pre-
dict children’s performance on tailor-made design methods. According to the
TIMI, children in the first grade have a dominant spatial-visual intelligence, and
children in grade six have the bodily-kinaesthetic intelligence as a dominant in-
telligence (see table 2.2). That would suggest that better results are expected
from a spatial-visual method in the first grade than a bodily-kinesthetic method,
and vice versa in grade six. Such a study will be a next challenge for this MID-
MACC framework to prove its value.
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2.7.3 Using the MIDMACC framework for future comparison
studies

In creating the MIDMACC framework, we focused on design skills. In our MID-
MACC framework, we stated that communicative skills and skills in the product
domain are also important aspects of a design activity. For the product domain
of our design problem, dominant interpersonal skills could have been benefi-
cial in generating ideas about online interaction with peers. Another example
would be a musical product for children. To explore the musical space of design
solutions, it would make sense to select a group of musically gifted children
(in terms of the TIMI) to conduct a design session. Future research could ex-
plore the MIDMACC framework in terms of multiple intelligences for hypotheses
about the product domain or the communicative skills of children.

The proposed MIDMACC framework is based on Gardner’s Theory of Mul-
tiple Intelligences. In this study, we found four intelligences associated with
design activities. As indicated, the proposed MIDMACC framework is not re-
stricted to the Theory of Multiple Intelligences. Further research on psychology
and design could provide evidence that the MIDMACC framework can be exten-
ded with other differentiating design skills.

2.8 Conclusion

With this work, we make three contributions to the research area of interac-
tion design with children. One contribution is an overview of design activities
in terms of skills inspired by the Theory of Multiple Intelligences. To conduct
a design method, we distinguish between communicative skills, design skills,
and skills concerning the product domain. We focused on design skills, and we
found four skills that are characteristic for a design activity: linguistic, interper-
sonal, spatial-visual, and bodily-kinesthetic skills. An overview of skills related
to design activities helps designers and HCI researchers better understand what
is required to bring to a design session (RQ1).

The second contribution is the MIDMACC framework, which can be applied
to optimize design methods for young children (RQ2). The proposed framework
can be helpful in two ways. First, the use of psychological constructs in this tool
provides a rationale for choosing a design method for children in a particular
educational stage. Our focus is on the developmental stage of children in terms
of Multiple Intelligences. However, this can apply to other user groups (e.g.,
adults). If the behavior of a particular user group can be defined in terms of
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design skills, a method can be chosen based on the comparison between the
user group profile and the profile of the design method. Second, similar to
the practice in education to adjust educational exercises (Anderson, 2000), the
MIDMACC framework can be used to adjust existing design methods to better
suit the profile of the target user group. For example, the dominant intelligence
for children up to grade five is spatial-visual. Therefore a designer can pick a
spatial-visual method but also adjust a method from another cluster to include
a spatial-visual technique, for example, by adding a drawing task to an NGT
session.

The third contribution is the program-experiment into the MIDMACC frame-
work to differentiate between design methods (RQ1). The influence of the
bandwidth of skills involved in a design method results in a difference in the
number of generated options and criteria. Involving four skills in a method
like prototyping results in more options than a method involving predomin-
antly only one skill (NGT). Apart from the immediate results, the study is a
methodological example of conducting quantitative design-integrated research
with children, applying measurements known to work with adults but that have
not yet been used with children. Furthermore, the study shows how to com-
pare the output of an NGT session with the output of a prototyping session. The
fruitful results encourage further exploration of the usefulness of the MIDMACC
framework to optimize design methods for young children.

The next step is to expand the validation of the framework. As we pointed
out at the beginning of this thesis, a designer should find a suitable method
for each age group. Thus if the framework stands as it is, it should yield the
same effect with methods from the same clusters, both in ten-year-olds and in
younger children. In chapter 3 we report a program-experiment to explore the
generalizability of the findings in this chapter.





Chapter 3
Application of the MIDMACC
framework with How-How
Questions and
Simulation/Role-play

Abstract

In this chapter we further explore the MIDMACC framework. In the previous
chapter we have studied the difference between design methods NGT and ‘Pro-
totyping’ based on the number of skills they involve. In this chapter we want
to perform a similar program-experiment, now we compare howhow-questions
and Simulation and Role-play for the number of design solutions generated by
different age-groups. The age-groups are children in fifth grade and children
in first grade. The study conducted to find results for this program-experiment
indicates no significant differences in the number of options and criteria gen-
erated with either method. The study did show that children in first grade
generate significantly less options and criteria than children in fifth grade. This
could be due to the differences in maturity of concentration, writing and read-
ing skills or in the number of intelligences in which children could perform. A
qualitative review of the findings suggests some protocol improvements.
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3.1 Introduction

This chapter explores the generalizability of the findings of the MIDMACC frame-
work presented in Chapter 2 (Sluis-Thiescheffer et al., 2009). Chapter 2 hy-
pothesized that the more intelligences involved in applying a design method,
the more information (in terms of options and criteria) a design discussion
would yield. The underlying assumption was that more information would
lead to more creative results. In this chapter, we want to extend the program-
experiment into the size of the design space with children in grade one. The
previous chapter studied design solutions generated by children in fifth grade.
Fifth-graders have advanced for at least five years in their primary school career.
They master reading and writing, they have developed consistent reasoning
skills, and they have a sufficiently large attention span to make a solid contri-
bution in these design sessions (Berk, 1999; Hennessy et al., 2001; Demetriou
et al., 2013). Children in first grade start their educational careers and are not
yet as skillful as their older peers (Hennessy et al., 2001). Immature skills will
probably affect the output they generate in quality and quantity (van Kesteren
et al., 2003; Barendregt et al., 2007; Markopoulos et al., 2008). Still, we expect
satisfactory results because first graders are mature enough to reflect on their
actions and those of others in, for example, peer tutoring sessions (van Kesteren
et al., 2003).

In this program-experiment, we also want to verify the generalizability of
the results from chapter 2. The study in chapter 2 showed that the more in-
telligences are involved in a design method, the more options and criteria are
generated. This study wants to tests that hypothesis with two different design
methods. The study in this chapter explores the difference between simula-
tion and role-play and How-How-diagramming (a form of laddering). Reasoning
from the MIDMACC framework, we expect that the children will generate more
options and criteria with Simulation and Role-play because there are more in-
telligences involved in performing a Simulation and Role-Play (3) than with
How-How diagramming (2).

Also, we want to extend the protocol for comparing design methods on a
qualitative level. In chapter 2 we found a balance between group- and indi-
vidual activities. Doing a group activity helps counterbalance possible adverse
effects of power structures’ in a session with children. However, a group activity
is problematic for a creative session as it can elicit a process of group thinking
which inhibits children in developing an individual contribution, thus reducing
the richness in the total number of generated design solutions. Therefore we
created a format in which children performed the design activity individually.
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An individual activity worked sufficiently well with NGT and prototyping; the
question remains whether this format would also work for Simulation and Role-
Play or How-How diagramming.

This chapter extends the program-experiment of the MIDMACC framework
by (1) examining the generalizability of the findings in chapter two with dif-
ferent design methods and a different age group, and (2) examining whether
the study-setup to evaluate design methods in chapter 2 can also be applied to
Simulation and Role-Play or How-How diagramming.

3.2 Program-experiment using Simulation/ Role-
play and How-How diagramming

This chapter describes the subsequent program-experiment with a design ses-
sion using Simulation/Role-play and How-How diagramming. If the results
from the previous program-experiment are generalizable, then we should get
similar results with Simulation/Role-play and How-How diagramming as we
retrieved with respectively prototyping and NGT. We also performed the design
sessions with a younger age group. To inform this program-experiment, we
have set up a study, which we will motivate and explain in the sections below.

In chapter 2 we presented the MIDMACC framework. The MIDMACC frame-
work describes design methods from the perspective of the theory of multiple
intelligences, and a set of methods has associates with these intelligences, de-
scribed in table 2.1. For convenience in reading, table 3.1 displays the table of
design methods again. The design methods are grouped in four clusters, (1)
linguistic (L) methods, (2) linguistic-interpersonal (L-I) methods, (3) spatial-
visual (S-V) methods, and (4) methods involving more than three skills. The
experiment in chapter 2 involved methods from clusters (2) and (4). To repeat
the setup, we chose methods from the same clusters. The methods for this study
would have to suit both young and older age groups. In the next paragraphs,
we argue that we should use proven design methods to maximize the chance
for success in measuring differences between the two methods.

3.2.1 Motivation for Simulation and Role-play

Table 2.1 in Chapter 2 shows three methods in cluster four (≥ 3 intelligences).
We have used prototyping in the previous study. The other two methods in
the cluster are both a form of role-playing: Simulation and Role-playing and
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Drama. Human actors take their place on stage alongside computers with inter-
active systems, performing activities with and through such systems (Macaulay
et al., 2006). Fernaeus et al. (2006) describe three perspectives to investig-
ate performance in interaction design. One perspective is where the computer
program itself is looked upon as a ’live performance,’ experienced in use by
its users (Laurel, 2014). The developer’s role is then somewhat as a theater
director orchestrating the acts to be performed by the computer program. A
second view concerns the communicative acts of designers and programmers
"in the making." A third perspective, the perspective we adopt in this chapter, is
through the performance of human actors (users), who simulate a social setting
together or with the system, towards a real or imagined "audience." It is con-
sidered a powerful technique as it helps designers relate to the context and the
action at hand in a natural way (Grudin et al., 2002; Rodríguez et al., 2006).

In the MIDMACC framework, we adopted the method "drama" as defined by
Muller et al. (2003):

"A scenario with live actors is presented to the participants. The par-
ticipants discuss and decide how to change the play such that it rep-
resents their ideas."

The method "Simulation and Role-play" was defined as:

The concept of topic is mimicked in some way, with the participants
playing roles to enact typical scenarios of use.

The quote summarizes the grouped participatory design methods for "Sim-
ulation and role-play" in Langford et al. (2003). The more direct involvement
of participants who enact the "Simulation and Role-playing" method and sub-
sequent generate ideas during the role-play better suits the previous study. In
the previous study, children also had to do the prototyping themselves rather
than reflect on the prototypes or prototyping process by others. Therefore we
choose Simulation and Role-playing over Drama.

In literature, there is a wide variety of names referring to the technique of
acting out a (future) situation. The terms which are often interchangeably used,
are “performance”, “simulation”, “game”, “role-play” and adaptations of meth-
ods in design such as “experience prototyping” and “bodystorming” (Burns et
al., 1994; Tompkins, 1998; Sato et al., 1999; Buchenau et al., 2000). There
seems to be some agreement. However, that simulation is a broader concept
than role-playing. Ladousse (1987), for example, views simulations as com-
plex, lengthy, and relatively inflexible, but role-playing is quite simple, brief
and flexible. Simulations simulate real-life situations, while in role-playing, the
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participant represents and experiences some character type known in everyday
life, c.f. Scarcella et al. (1992). Simulations always include an element of role-
playing (Ladousse, 1987).

Simulation and role-play in product development are both highly flexible
methods. They can be adapted to suit many different applications from ex-
ploring novel ways of interacting with a product or system (McCallion, 1999;
Buchenau et al., 2000; Holmquist, 2012), to evaluate current or ideal interac-
tions with a system (Newell et al., 2006; Chang et al., 2017) through to explor-
ing the layout of a manufacturing workstation or the design of new work pro-
cesses. Simsarian (2003) reports the use of simulation and role-in every stage in
the design process, from the "understanding/research" phase to the implement-
ation phase. Using the cases from Chapter 2 (explained below in section 3.3.1),
which explore future scenarios in a school environment, this study focuses on
simulation and role-play as a method to generate behavior anticipation and eli-
cit requirements of the future product or service in an early, exploratory phase
of the design process.

In designing with children, we find another way to apply role-play. Doorn
et al. (2014) use role-play as an activity that takes on a hybrid role. They use
role-play to educate children in the role they take in the design process to per-
form a contextual inquiry. The role children can have in a design process is
described in the work of Scaife et al. (1997) and Druin (1999b). Druin (1999b)
created a framework of roles children can take in a design process (user, tester,
informant, and designer, see Figure 3.1), each role superseding the other in
terms of the involvement in design decisions. Recently this work has been sub-
ject to research initiated by Landoni (2016) and Barendregt et al. (2016a), to
add more nuance to the differences in roles children can take in relation to the
design process, such as children as makers, children, and the design activity
as an educational experience and more. Using role-play to educate children in
the design process probably raises the quality of children’s role as an inform-
ant (Doorn et al., 2014). It is a developing line of research, and although the
quality of children’s output in the design role they have is an essential aspect
of designing with children, in this study, the focus is the physical activity as a
method to generate design solutions from the perspective of children.

From a developmental perspective, there is a growing body of evidence sup-
porting the many connections between cognitive competence and high-quality
pretend play (Bergen, 2002). As such, we find role-play a recurring theme
in design concepts supporting role-play in various ways (Hall et al., 2009;
Verenikina et al., 2009; Wang et al., 2015). Simulation and role-play in a design
process have been applied with children in a range from 7-15-year-olds (Millard
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Tester

Informant

Designer

User

Figure 3.1: Four roles in which children can participate in the design process according
to Druin (1999b). Each role supersedes the previous role in terms of the
involvement in taking design decisions.

et al., 1998; Verhaegh et al., 2006; Marshall et al., 2009; Girard et al., 2011).
Thus, both children from first and fifth grade can successfully participate in a
simulation and role-playing activity. In the remainder of this chapter, we will
refer to the simulation and role-playing activity as "Simulation and Role-play"
or SRP.

3.2.2 Motivation for How-How diagramming

The method of choice in cluster two (L-I) is How-How diagramming. The defin-
ition of How-How diagramming (based on Langford et al., 2003) in the MID-
MACC framework was:

Start with a high-level solution, elaborate on the methods to achieve
the solution by asking how.

How-How diagramming is particularly useful for seeking ways of refining and
implementing solutions to problems.

How-How diagramming is a MEC-technique (Means-End Chain) using lad-
dering (Grunert et al., 1995) by asking "how." Its form builds on the Nominal
Group Technique (NGT, Fern, 2001; Langford et al., 2003), also see Chapter 2,
section 2.4.2. The answers to the "how"-questions result in concrete, applied
answers. The laddering results are plotted on a fishbone-like diagram, where
each branch of the fishbone explains how a function of the high-level solution
works, hence the name "How-How diagramming." In this study, we will not plot
the answers in a diagram, as we are only interested in measuring the options
and criteria mentioned; this experiment does not examine the relation between
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them per sé. Therefore we will further reference this technique with How-
How-questions (HH) as it better covers the way we apply the method in this
experiment.

There are two main views on applying MEC techniques, the motivational
view and cognitive structure view. The motivational view is that laddering and
MEC are concerned with obtaining insight into values connected to product at-
tributes or service-touchpoints that drive target-user behaviors (Grunert et al.,
1995; Langford et al., 2003; Vanden Abeele et al., 2012a). In terms of the
multiple intelligences, a motivational view can be associated with the intraper-
sonal intelligence, as a motivational approach aims for insights into personal
drivers. The cognitive structure view is that MEC can help generate a model
of users’ relevant cognitive structure, i.e., how a device works or how a ser-
vice is stored and organized in human memory. A basic hierarchical model is
assumed, in which cognitive categories of different levels of abstraction are in-
terlinked in chains and networks (Grunert et al., 1995). The hierarchical model
is then used to retrieve a user-generated solution or model, progressively elab-
orated by continually asking the question "how?" (Langford et al., 2003). It is
a helpful method to use in an exploratory phase of a design method, as it will
trigger the participants to think in increasing detail about their initially abstract
design solutions (Langford et al., 2003). In this chapter, we adopt the cognit-
ive structure view, as the method is associated with the logical-mathematical
intelligence.

Laddering has been thoroughly researched and proven to be relevant in a
design process with (young) children (Zaman et al., 2010; Zaman, 2011; Read
et al., 2013a). Theoretically, laddering would be possible with children from
as young as two years old (Greene et al., 2005; Vanden Abeele et al., 2012b).
However, from a developmental perspective, the quality of the answers to why
questions improve once children have developed a firm theory of mind (an
understanding that other person can have different thoughts than their own,
which develops around the age of four) and abstract thinking (Greene et al.,
2005). Vanden Abeele et al. (2012b) found evidence that children from the
age of five and up can produce a substantial ladder. Thus, using laddering with
first-graders is a viable path. Zaman et al. (2010) and Vanden Abeele et al.
(2012b) obtained their results by studying why-why laddering. The How-How
laddering-variant has not been extensively studied with children as far as we
know.
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3.2.3 Children are technologically experienced enough at a
young age

The study we present in this chapter focuses on children in the first grade and
the fifth grade of primary school in the Netherlands. Children nowadays are
increasingly technological conscious, at an increasingly younger age. For ex-
ample, Nielsen Norman (2010) compared two web-usability studies, one in
2002 and one in 2009. They found that "many of the behaviors we previ-
ously saw in the mid-range age group (6 - 8 years) are now more character-
istic for the youngest users (3 - 5). In contrast, users who are seven years
and older often exhibit fairly advanced behaviors. For example, currently, only
very young kids have problems with scrolling. Children 9 years and older are
more likely to scroll, and in fact, do better with articles that are presented on
one scrolling page rather than split into many small pages. Fifth graders are
the group who are often targeted for product development because they adopt
"leftover" technology by their parents, they have relatively much free time, they
receive pocket money, and they are greatly influencing buying decisions (Acuff
et al., 1997; Dillen, 2001). Since the introduction of the iPad in 2009, chil-
dren have even easier access to technology. The iPad is often a "family device";
the device resides on the couch, and parents download apps on the iPad for
their children to use (Nielsen Norman, 2010; Rideout, 2011). Thus both age
groups are expected to be competent and experienced enough to comprehend
and contribute to a (digital) design problem.

3.3 Setup of a within-subjects comparison for Sim-
ulation/Roleplay and How-How-questions.

3.3.1 Comparing Options and Criteria generated by children
in grade 1 and grade 5

The main question we want to answer with this program-experiment is whether
the finding from chapter 2 (the more intelligences involved in a design method,
the more options and criteria children will generate) extend to other design
methods and other age groups. Therefore we have setup a study with the hypo-
thesis that Simulation and Role-play (involves three skills) will generate more
design solutions (in terms of options and criteria) than How-How diagramming
(involves two skills), thus:
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Hypothesis: Children in grade 1 and grade 5 will generate more op-
tions and criteria using Simulation and Roleplay than using How-How
questions.

Measuring Design Space Exploration in Terms of Options and Criteria

There are not many structured analysis protocols for the designs generated by
children that we are aware of. To compare simulation/roleplay and How-How
diagramming, we want children to discuss their ideas and support them with
arguments, so we can measure information in the design discussion, as we did
in the previous study in chapter one. For roleplay, Millard et al. (1998) found
that the combination of roleplay and a discussion yielded precious insights into
the children’s requirements and beliefs. It relates to the concept of experiential
learning as described by Kolb (1983) and resonates in the field of design with
the work on experiential tools in design research (Burns et al., 1994; Buchenau
et al., 2000; Sanders, 2005; Rodríguez et al., 2006). In this experiment, we
adopt the approach (cf. chapter 2) to observe a discussion on early designs in
terms of options and criteria (Olson et al., 1992; MacLean et al., 1996).

Protocol to optimize for design output

As explained above, the basis for comparing How-How questions with simula-
tion/roleplay is the conversations about the generated design solutions. For the
setup of the study, we have to choose between group conversations and one-
on-one conversations. Hennessy et al. (2005) report that when using a nominal
group technique, the dynamic interaction of five children will elicit more in-
formation than a one-on-one interview because there is less emphasis on the
adult-child relationship. Moreover, design activities with user-participants are
often group-activities (Langford et al., 2003). For the group size, Hennessy et al.
(2005) reports that a focus group session is done best with a maximum of five
children. A group of five children is large enough to have at least one talkative
child and yet small enough to give each child sufficient attention.

As explained in section 3.2, How-How questions is primarily a laddering
technique. For this study, we left the diagramming part out of the protocol. The
children did not have to create a diagram based on their ideas. The protocol
asked them to generate an idea and elaborate the idea on paper. The paper
was preformatted with “how”-prompts, a simple How-How diagram to encour-
age children to elaborate their ideas in design solutions. An example of the
form can be found in Appendix B, figure B.1. The designer (or requirements
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analyst (Millard et al., 1998)) would then have sufficient information to do the
diagramming part, taking into account the actual complexity of interdependent
design solutions generated. To emphasize that difference, we will refer to this
protocol as How-How questions.

For the case of simulation/roleplay, we asked children to explain their ideas
in a scenario. Each child received a set of wooden blocks and ten Playmobil™
dolls to set the stage for their scenario and interactions with their design solu-
tion. They could ask for more blocks if they needed more to express their solu-
tions in the scenario. In the discussion phase (see section 3.3.1 below), each
group member played the scenario with each role (e.g., sick child at home,
peers at school, teacher), thus showing the interactions with their design solu-
tion. Figure 3.2 shows an example of the type of wooden blocks (a) and dolls
(b) used.

(a) Wooden Blocks (b) Typical Playmobile™ doll

Figure 3.2: Example of the type of wooden blocks and playmobile dolls used for the
simulation/role-play method

Participants: Three Dutch schools, mixed-gender groups

Participants were recruited from three Dutch primary schools, one near Utrecht
and two near Eindhoven. All three schools are public schools and provide a
regular education plan (i.e., as opposed to alternative education plans such as
Jena-plan, Dalton, and Waldorf). The Netherlands is a technologically advanced
country, and children in the Netherlands have equal access to the technology
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presented in the study. Therefore they are considered a suitable group for the
design cases we present. All groups are composed of a mixed-gender constella-
tion (at least two boys and two girls in each group of five).

We aimed to recruit 120 children, 60 for each grade, divided into 24 groups
of five children. The process resulted in one hundred children participating
in the study in ten groups for each grade. In some sessions, only four chil-
dren showed up, and the recordings of one group in fifth grade could not be
recovered and were discarded as well as the corresponding session of the parti-
cipants in first grade. Each group performed two sessions (using an incomplete
block design for a within-subject comparison). Table 3.3 presents the block
design and the distribution of children over the groups in more detail. The
section below describes the distribution of children over the sessions.

Within subject design to compare methods within each grade

A within-subject design was applied. Each group of five children participated
in both a Simulation/Role-play session and a How-How questions session. The
order in which the design methods are offered is systematically alternated over
the groups to compensate for a possible order effect (see further below). A
typical session would have the following setup:

1. General introduction (5-7 minutes)
2. Introduction first case (3 minutes)

• Introductory questions to warm up for idea generation and instruc-
tions for simulation/roleplay (5-7 minutes)

• Individual time to come up with a simulation/roleplay (15 minutes)
• Group discussion on the ideas acted out (10 minutes)

3. Introduction second case (3 minutes)
• Introductory questions to warm up for idea generation and instruc-

tions for How-How questions (5-7 minutes)
• Time to individually conceptualize and elaborate on design solutions

using How-How questions (15 minutes)
• Group discussion on the answers to the How-How questions (10 minutes)

4. Rounding off (5-7 minutes)

In the group discussions, the experimenter would ask a maximum of two
questions per child to keep the discussion on his/her idea going. This guideline
helps to treat talkative and less talkative children similarly, hence avoiding a
bias in feeding the discussions by the experimenter.
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Session Length and recording

The session length was initially fifteen minutes for the simulation/roleplay and
fifteen minutes for the How-How questions. However, pilot studies showed that
similar to the case of prototyping and NGT, children required more time for
setting up a stage and creating a scenario that explains their idea than to drill
down their solutions using How-How questions. The time first graders spend
on How-How questions was shorter for a different reason: not all first graders
were equally skilled in writing. The method tired them, and they would not
stay with the task for the full 15 minutes. Therefore we increased the time for
the roleplay to twenty minutes and shortened the How-How questions to ten
minutes.

Despite the difference in time, we think the methods are still comparable for
two reasons. The first reason is that we avoid bias by boredom or frustration
because the timeslot is now compatible with the time the participants need to
finish the task. The second reason is that in the discussion following the activity,
we allow the same amount of time and prompts to explain the ideas developed
by both methods, allowing the same window to express ideas. In the pilot study,
we found that the participants used the entire time window after either activity,
regardless of the time difference.

Each session was recorded using video and audio recording devices. For
the video recording, we used a mobile usability lab consisting of two digital
cameras, a video mixer, and a digital encoder (for converting the analog video
signal) connected to a laptop via a Universal Serial Bus (USB) connection. Each
child was equipped with a wireless microphone, thus being recorded on an indi-
vidual audio track, a necessity to identify each child individually when writing
the transcriptions. We transcribed the audio tracks using the latest version of
the open-source and freely available audio editor Audacity (Audacity, 2006).
One of the authors and one research assistant took care of the transcriptions.
The transcriptions contained a timestamp for each utterance, a number indic-
ating the speaker, and a code to indicate overlapping speech. Comments of the
transcriber on an utterance were noted between square brackets; for example,
[laugh] for laughter, [unint] for unintelligible. Figure 3.3 shows an example of
coding a conversation with children in fifth grade.

Statistical Analysis and block design

To create a clear understanding of the terminology used in the previous section,
first a shortlist of definitions:
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5: [21:38,4] And then I also have a device in class

(...)

5: [21:44,6] er puts the laptop[O1] on the table of the

child that is away[C1.1]

E: [21:48,2] hm hm

5: [21:49,1] er, then I have: how does your classmate

do that? The laptop[O1] is in the front[C1.2], because

then everyone can see what you do[C1.3] etc.

E: [21:57,3] ok

5: [21:59,5] and I have another one: how does the

teacher do that?

5: [22:03,0] er for example if she asks something errr

and she wants to ask you the question[C2.1] errr then

she connects[C2.2] the headset[O2] and then talk[C2.3]

E: [22:10,9] oh right

5: [22:11,2] so... something like that

Figure 3.3: An example of a transcript (verbatim) from one of the sessions using the
How-How protocol where E stands for Experimenter, and 4 and 5 indicate
child 4 and 5 talking. [On] codes an option, [Cn.x] codes a criterion belong-
ing to option n.

• Grade: all participating groups that attend either Grade 1 or Grade 5 in
primary school

• Group: a group of 5 children that participates in two subsequent design
sessions

• Session: a design session to ideate and generate options and criteria with
children, using either Simulation/Roleplay or How-How-questions.

• Design Solution: An option, a criterion, or both. Used as a placeholder to
refer to a collection of both options and criteria.

We will perform two analyses to compare the number of options and criteria
generated using the two methods. The first analysis focuses on comparing the
differences between the two methods, using a delta-score for the difference in
the number of options and criteria generated by these methods for each group
performing both sessions. For the normalized score we define delta X (∆XO,C ),
one for the options (∆Oi ) and one for criteria (∆Ci ). The (∆XO,C ) for a group is
the difference between the number of design solutions generated with a group
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(see equation 3.1). The result is a ∆Oi score for options and ∆Ci for criteria for
group i.

The Delta score simplifies interpretation and analysis. Each Delta score
provides a direct insight in the comparison between the two methods: a posit-
ive value for ∆Og r ade1 for example, means that the children in grade 1 gener-
ated more options with simulation/roleplay than with How-How-questions, and
vice versa for a negative value. A significant difference between the means for
∆OGr ade1 and ∆OGr ade5 where the mean ∆OGr ade1 < ∆OGr ade5 means that chil-
dren in Grade 1 generated significantly fewer options with How-How-questions
than with Simulation and Roleplay. Comparing the mean Delta scores will be
calculated and analyzed for between-subject effects using the multivariate ana-
lysis of the general linear model.

∆XOi ,Ci = X SRP
Oi ,Ci

−X H H
Oi ,Ci

(3.1)

The disadvantage of the first approach is that the translation into one score
prevents an analysis of absolute means and an analysis of possible within-
subject contrasts. Therefore we will conduct a second analysis using the ab-
solute numbers for the generated options and criteria.

We will apply repeated measures from the general linear model for this ana-
lysis. Repeated measures assume that the groups generate the same number
of options and criteria in both sessions. If the analysis returns a significant dif-
ference between the two sessions in the number of options and criteria, the
method had an effect.

The given setup could be prone to an order effect. To counterbalance pos-
sible order effects, we alternate the order of methods over de groups. A within-
subject block design of four blocks was applied, two blocks per grade. Table 3.2
provides an overview of all the combinations per grade, where Simulation and
Roleplay (SRP) and How-How questions (HH) alternate in order. The study in
chapter 2 showed that the order of cases did not affect the results. Therefore
we do not compensate for the order in which we offer a case in the experiment
design.

To fully control for possible interaction effects, the block design should ulti-
mately include sessions in which the same method was repeated, for example,
SRP-SRP as a reference to HH-SRP. However, our main interest in this study
is the difference between the methods. We only need to establish whether a
possible interaction effect has taken place. The explanation for occurring inter-
action effects is left to further research. Thus, we will pursue an efficient but
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Schoolgrade Method Order

First SRP-HH
First HH-SRP

Fifth SRP-HH
Fifth HH-SRP

Table 3.2: A within-subjects block-design to rule out individual differences between the
sessions for repeated measures. Each grade (first and fifth) will have gener-
ated design solutions with both How-How-questions (HH) and roleplay (RP)
for each case. To compensate for possible order effects, the order in which the
methods are offered are counterbalanced.

incomplete block design for this experiment. Therefore 20 sessions (10 for each
grade) are included in the analysis (table 3.3).

Method-Order
HH-SRP SRP-HH Totals

Session 1a 2a 3a 4a 5a 1b 2b 3b 4b 5b
First Grade 5 4 5 5 5 5 5 5 5 4 48
Fifth Grade 4 5 4 5 5 5 5 5 4 5 47

Table 3.3: This table adds to the session overview from table 3.2 the number of session
pairs per block. The abbreviations refer to the methods “How-How-questions”
(HH) and “Simulation/Role-play” (SRP). The total number of participating
children in first grade were 48, and 47 in fifth grade.

3.4 Results show an order effect and a significant
difference between grades.

In the following paragraphs, we describe the results of the three analyses: (1) A
comparison of the Delta scores, (2) A comparison between the grades, and (3)
the post hoc analysis.
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3.4.1 No significant difference between the mean Delta-scores,
significant between-subjects effect for order

The multivariate analysis of the means for options and criteria generated through
HH and SRP did not significantly differ depending on the methods. The ana-
lysis did show a significant between-subjects effect for the order in which the
methods were offered to the groups, regardless of grade, for both options (with
M H HRP

opti ons = −14.2, M RPH H
opti ons = 9,7, F = 7,373 and p = 0,016) and criteria (with

M H HRP
cr i ter i a =−21.8, M H HRP

cr i ter i a = 8.1, F = 14,146 and p = 0,002). Figure 3.4 presents
the means for options and criteria, categorized by grade and method order. A
positive value (on the right of the y-axis) indicates that the children generated
more design solutions with SRP than with HH. A negative value (on the left
of the y-axis) indicates that children generated more design solutions with HH
than with SRP. The Figure shows that the children generated the highest num-
ber of design solutions with How-How-questions when HH was presented first
(all negative values occur in the “FIRST HH THEN SRP” series), and the highest
number of design solutions with Simulation/Roleplay when SRP was presented
first (all positive values occur in the “FIRST SRP THEN HH” series).

3.4.2 Significant differences between the number of design
solutions generated for grade and order

The analysis was conducted with the General Linear Model using repeated
measures. The analysis yielded three significant differences: (1) a significant
between-subjects effect for grade, (2) a significant within-subjects contrast for
order in options, and (3) criteria.

The analysis resulted in a significant between-subject effect for grade with
F = 24,789 and p ≤ 0,000and α ≤ .05. The mean number of design solutions
generated by children in grade one is Mg r ade1 = 24,0, and the mean number of
design solutions generated by children in grade five is Mg r ade5 = 58,6. Thus,
regardless of options, criteria, and method, the children in grade one generated
significantly fewer design solutions than the children in grade 5. Figure 3.5
shows the 95% confidence interval for this between-subject effect.

The analysis also shows a significant within-subject contrast for order de-
pending on grade and method (with F = 11,426 and p = 0.04 and α≤ .05). Thus,
there is a significant difference for order in which the options are generated
for both grades. Figure 3.6 shows the means for options generated per grade
per method by the order in which they were offered. The error bars show the
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95% confidence interval for the within-subject contrast. For better comparison
within each grade, the confidence intervals are divided by

p
2 to reflect the

within-subject contrast better (Loftus et al., 1994).
There is also an order effect for the number of criteria generated by grade

5 with F = 8,783 and p = 0,01 and α ≤ .05. Figure 3.7 shows the means for
the criteria per grade, per method; the error bars show the 95% confidence
intervals. Visual inspection shows that grade five generates on average more
criteria in the first session than in the second session. The average number of
criteria generated by grade 1 is not significantly different for both sessions.

3.4.3 Post-hoc analysis

The two statistical analyses provide an overview of the significant differences
between the two grades and the effect for order. Figure 3.4 shows that there
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Figure 3.4: Each bar shows the means for the delta-scores according to SRP-HH per grade
for options and criteria. The error bars show the 95% confidence inter-
val. A positive value means that the children generated more design solu-
tions with Simulation/Roleplay(SRP) than with How-How-questions (HH)
and vice versa. The Figure shows that the first method the children work with
structurally yields a higher number of O’s and C’s than the second method.



3.4 Results 87

24 58.6
0

10

20

30

40

50

60

70

80

Comparison of the means by Grade 1 and Grade 5
of the difference in generated items (both options and criteria), 
generated through Simulation/Roleplay and howhow questions

Grade 1 Grade 5

Figure 3.5: The mean difference between the number of design solutions generated per
grade, using repeated measures of the general linear model. The error-bars
show the 95% confidence interval for the between subjects effect.

is an order effect and how the order effect manifests, but it does not provide
much opportunity to explore the data beyond that. The Figures 3.6 and 3.7 add
insight into the absolute numbers underlying the performance of the children in
terms of options and criteria. The Figures do not allow for further exploration
of the differences between means of options and criteria generated between
the methods. Since the differences between the methods are not significant, a
visual comparison of the differences between the means does not provide more
insights. We can look in more depth into the data for a more detailed analysis.

The statistical analysis shows that the difference between the two methods
in terms of options and criteria is not significant. That does not necessarily
prove that children perform equally well with both methods. One way to further
explore the children’s performance on both methods is to explore the datasets
with descriptive statistics, summarized in a box-and-whiskers chart. A box-and-
whiskers chart summarizes the 1st , 2nd and 3r d percentile (the box), the mean
(Asterix), and the minimum and maximum value (the whiskers) for a category.

We have two datasets, the delta scores and the raw results of the options
and criteria generated. The dataset that best compares the performance of the
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Figure 3.6: The chart shows a significant within-subject contrast for order for the dif-
ference in means between the number of options generated per grade, per
method, using repeated measures of the general linear model. The error-
bars show the 95%confidence interval for the within-subjects contrast. The
confidence intervals are divided by the

p
2 to better reflect the within subject

contrast (Loftus et al., 1994)

two methods in terms of options and criteria are the delta scores because the
delta scores account for the within-subjects effect by the way it is calculated.
Also, the current focus lies in finding differences between the methods, not so
much in finding absolute numbers. The absolute numbers have already been
presented in Figure 3.6 and 3.7.

Figure 3.8 shows the data-summary for grade 1 and grade 5. The summary
shows that the delta scores a symmetrical distribution around the averages, all
just below the zero-axis. The box for criteria for grade 5 shows a somewhat
skewed distribution. In this graph, the data distribution illustrates the previous
finding that an average below zero might as well be a coincidence and that the
differences between the grades are not significant.

Figure 3.9 shows the data summary for grade 1 and grade 5, split by the
subgroups for the order in which the design methods were presented to the
children. SRPHH means that the children in this subgroup first ideated using
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Figure 3.7: There is a significant difference in means between the number of criteria
generated per grade per method, using repeated measures of the general
linear model. Visual inspection shows that the difference between criteria
generated through SRP and hh by grade 1 is not significant, in contrast with
the options generated by grade 1 (see Figure 3.6. The difference between
criteria generated by grade 5 is significant and follows the same direction as
the difference between options generated by grade 5. The error bars show
the 95% confidence interval for the within-subjects contrast. The confidence
intervals are divided by the

p
2 to reflect the within-subject contrast better

(Loftus et al., 1994)

Simulation/Roleplay, followed by hh-questions, and vice versa for HHSRP. This
summary shows the order effect found in the previous analysis. The summary
shows that the order effect has a strong leveling effect on the average findings.

The means for design solutions (see Figure 3.8 is just below zero. Visual
inspection of Figure 3.9 shows the mean (the asterisk in the box) and median
(the divider in the box). In the HHSRP-condition are indeed a few options and
criteria further away from the 0-axis than the boxes in the SRPHH-condition.
This skewness below the zero-axis could mean that How-How-questions was
somewhat better in helping the children generating options and criteria than
simulation/roleplay. However, note that this level of analysis is almost at the
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level of the individual groups, five groups of 5 children per method per order
almost cover one-one min-max value, 1st, 2nd and 3rd percentile. Thus this post
hoc analysis confirms that there is no significant difference between the two
methods.

Figure 3.8: A summary of the distribution of Delta scores generated per grade in a box
and whiskers diagram. For each group the asterisk shows the mean, the box
the 1st, 2nd (or median) and 3rd percentile. The whiskers show the minimum
and maximum value. The average of the design solutions is slightly below
zero. An average below zero indicates that children generated slightly more
options and criteria with How-How questions than with SRP. Note that the
difference is not large enough to be significant.

3.4.4 Qualitative observations per group, per method

In general, the children found the playmobil™ dolls fun to develop the scenario.
For example, one child thought it was the only one with a real teacher because
it had a mustache. The impression occurred that all children seemed more sus-
ceptible to cognitive tuning in the simulation/roleplay condition. The scenario
on display left more room for interpretation, thus more room to incorporate
fresh ideas, both new or borrowed from a previous scenario. In How-How ques-
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Figure 3.9: A summary of the Delta scores per grade by order in a box and whiskers
diagram. For each group the asterisk shows the mean, the box the 1st, 2nd (or
median) and 3rd percentile. The whiskers show the minimum and maximum
value. Visual inspection further illustrates that the order effect had a leveling
effect on the average found. Note that these subgroups consist of five data
points; the summary is almost at the level of individual data points.

tions, this seemed less the case, as the children seemed to be more specific about
their ideas. They made some additions that they found worthwhile to add in
both conditions, but for the How-How-questions method, they often indicated
that the idea originated from children that had explained their idea before them.

Participants in first grade using Simulation/Roleplay:
The children were observed to use prototypical or referential words, like “here”,
“there”, “this one” - showing a design solution in the scenario but resulting in
non-information in the discourse analysis. Another observation is that their
scenarios were relatively short. Each scenario showed one specific interaction
(requesting a pencil, receiving an exercise), using only three-to-five exchanges
between teacher and child or between children, including polite exchanges. If
they are talkative, they seem to get easily distracted or taken away by contextual
factors. In one specific case, a child was ecstatic about going to a circus. His
scenario paid minimal attention to the device and was rather elaborate about
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the class going to the circus, effectively making the innovation irrelevant to the
scenario.

Participants in first grade using How-How questions:
Children in first grade learn to write. Most of the sessions took place in spring;
thus, the children had received at least four to six months of training in writ-
ing. The How-How questions method relied heavily on writing, which was for
most children problematic to write down all the ideas they had in the time
given. The emphasis for this grade became to make short, condensed notes
about their ideas. Then the next problem presented itself: in this phase of their
development in literacy, they often have a hard time reading their handwriting.
Children in each session helped each other with reading, and most often, the
children remembered what they had written or wanted to write.

Participants in fifth grade using Simulation/Roleplay:
The remarks of children in fifth grade seemed more informative than the chil-
dren’s remarks in first grade. They uttered more qualitative comments, such as:
“this is far-fetched, this is handy, this is cool, funny.” Some found limitations
in using Playmobil for displaying the interaction, such as “arms cannot bend
which forces a "sick doll" to stand up while she is sick”. Some expressed limit-
ations in the size of the wooden blocks. The children thought the blocks were
too big to represent a device. For example, some children wanted to integrate
a device into a table. Using the blocks to mimic the integration was difficult
- the size of a block was already the size of a table compared to the size of
the playmobil™dolls. Others complained that all the blocks looked alike, thus
preventing them to easily differentiate between a block for a table and a block
for a device. When doing the roleplay, blocks representing a table and device
were easily confused for one another, confusing the children when doing their
performance.

Participants in fifth grade using How-How questions:
Children in fifth grade were more autonomous than children in first grade. Once
they started a sequence, they could keep themselves going on How-How ques-
tions for two-to-four follow-ups (where children in first grade would only an-
swer one follow-up “how?” question. It did seem that the How-How questions
prevented them from getting into a creative flow as they had to evaluate/elab-
orate on their current design solution rather than going with their associations
on the situation in the classroom and write down solutions as they emerged in
their consciousness.
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3.5 Discussion: children in grade 1 and 5 probably
respond similar to both SRP and HH

3.5.1 No significant difference, visual inspection indicates that
SRP and HH do not have the same result

The statistical analyses do not yield a significant difference for the mean in
options and criteria generated by SRP and HH. An evident influence is the order
effect shown in both analyses: the children generated significantly more options
and criteria in the first session than in the second session. The influence of the
order effectively levels out the differences between the methods.

Then the question is, can we assume that both methods are identical, or is
the difference too small for this sample size? For the groups in this study, the
post hoc analyses suggest that they generate more design solutions with HH
than with SRP. Visual inspection of Figure 3.6 confirm this analysis for the op-
tions, but Figure 3.7 shows a more diverse picture for the criteria. It should be
noted that the analyses for the subgroups are based on 4-5 data points per sub-
group (also see table 3.3). This study applies a within-subject design; thus, us-
ing repeated measures, six or seven groups (ten groups in this experiment) can
be sufficient to find a significant difference Vickers (2003). However, the sample
size is too small to analyze additional confounding factors. Ten data points for
each group break down into a marginally small number of data points (five in
this case) to compare, resulting in insufficient statistical power to exclude biases
such as order- or interaction effects. A new experiment with more participants
could research whether this difference is significant.

The explanation for finding no or a marginal difference might be due to a
non-optimal version of simulation and role-play. The qualitative results show
that children in grade 5 found that the blocks used in the SRP method were too
big compared to the Playmobil dolls and too generic to simulate subtle inter-
actions and work on detailed props in the scenarios. If we compare the blocks
to, for example, the materials, we offered to the children in the prototyping
session (see chapter 2), the prototyping materials allowed for much more detail
in the prototypes that the children made. In this study, we purposely used these
generic blocks to focus on the role-playing aspect of the SRP method. However,
it might have backfired. It prevented the children from expressing their scen-
ario in sufficient detail, thus inhibiting them from expressing more options and
criteria. Children in grade 1 did not express this aspect of the blocks, but the
qualitative results report that they focused on particular, small interactions. It is
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possible that they still can easily fantasize and were not hindered by the generic
aspect of the blocks. On the other hand, it could be that they were hindered by
that but could not express that.

For the next iteration for simulation and role-play, the generic blocks should
be replaced with a box full of small props with a rich diversity in shapes and
a higher level of detail. We do not suggest that they should necessarily be
recognizable products; some level of abstraction will better help the children
incorporate the objects in their play.

For the howhow-questions, some children in grade five had to get used to
the setup and felt that it hindered them in a free-flow of associations of potential
solutions. The children in grade one were hindered in their flow because they
are less fluent in writing and reading than children in grade five. We anticip-
ated the difference in skillfulness by reducing the amount of reading required.
Nevertheless, the influence was more substantial than expected. This setup for
howhow-prompting is not ideal for children in grade one. Much of the idea
generation also took place during the interviewing phase when children helped
each other with reading back their ideas and questions to elaborate. In the next
iteration, the setup should rely less on reading and writing by the children. Ma-
terials do matter and influence the results of a design session, regardless of the
method, similar to what Read et al. (2013b) found out with teenagers. A sug-
gestion for this case could be to use a different idea generation technique and
save the laddering setup for the moderator during the interviewing phase of the
sessions.

3.5.2 Children in grade one and grade five respond similarly
to both methods

The results show that both children in grade 1 and grade 5 generate simil-
arly equal to both methods. Results are not significantly different for both
grades. However, the absolute number of design solutions is significantly dif-
ferent between the two grades. Children in first grade generate on average 24
design solutions, where children in fifth grade generate on average 59 design
solutions (see Figure 3.5.

The qualitative results explain that children in grade 1 have different reasons
for not generating many design solutions. With SRP, children often focused on
one interaction to perform in the scenario, which does not allow much room
for a rich set of options and criteria. With HH, children had difficulty writing
and reading, a skill that took much of their time they could otherwise spend on
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generating options and criteria. In general, it is known that children of around
6 have a shorter attention span than children in grade 6. Thus the smaller
number of design solutions results from a combination of method-specific but
most probably developmental-related factors for children in grade 1.

Although the absolute number of generated design solutions between grade
1 and grade 5 is significantly different, both grades respond similarly to the
methods in terms of the delta scores, and also, both grades show the order
effect. Based on this study, we would argue that the MIDMACC framework
could be extended to grade 1.

3.5.3 Exploring this study in terms of the multiple intelli-
gence theory

In chapter 5 we hypothesized based on the results that children will triangulate
their ideas more with a method that involves more intelligences, thus explain-
ing the relatively more workable ideas using prototyping and more novel ideas
using NGT. In chapter 2 we report that children generate relatively more design
solutions with a method with more intelligences. In this study, we cannot con-
firm this difference.

One reason could be that the setup for SRP was not optimal. Children stated
that the blocks in the SRP method were too generic to develop a scenario. The
use of too generic blocks could imply that the bodily-kinesthetic and spatial-
visual intelligence were not sufficiently triggered in this version of the method,
preventing children from generating more options and criteria.

Another explanation might be that the differences between the method in
terms of the multiple intelligences are not large enough. In chapter 2 we com-
pared a design method that involves four intelligences (prototyping) with a
design method that involves two intelligences (NGT). The methods in this study
compared a design method that involves three intelligences (simulation/role-
play) with a method that involves two intelligences (howhow-questions). Prob-
ably, children did not need to consider aspects of one intelligence and thus
were less resourceful in the simulation/role-play condition in this study than in
the prototyping condition in the experiment in chapter 2. When we estimate
the gross average number of design solutions per method, children generated
on average 66 design solutions (see Figure 2.4 in chapter 2 with the proto-
typing method and Msr p−g r ade5 = 58 (see Figure 3.6 and 3.7) design solutions.
Thus there is a slight difference between the means in favor of this explanation.
Maybe this difference could be minimized if the props provided would have
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more detail, as suggested in the previous paragraph. A more detailed examin-
ation of the data and further research is required to examine the effects of the
individual intelligences.

It could also be that children in this study performed better with HH because
the logical-mathematical intelligence suited them better. There is a strong em-
phasis on children’s cognitive development in the Dutch school system. The HH
method is strongly associated with cognitive intelligence, the logical-mathematical,
and SRP is more associated with expressive or physical competencies with the
spatial-visual and bodily-kinesthetic intelligences. If the logical-mathematical
intelligence suited the children better, this study was influenced by a bias in the
educational system.

Finally, we can hypothesize that the children might not have developed suf-
ficient skills in all intelligences involved. For example, if the children can only
perform in two of the three intelligences, we effectively compare the results of
two similar design methods, each involving two intelligences. In that case, we
should not expect a difference in quantity.

Examining the robustness of the session-setup for comparing design meth-
ods

The qualitative observations for Simulation and Roleplay show that the children
found it a challenging method to perform on their own. The neutral, monoton-
ous appearance and relatively large size of the building blocks hindered them
in their idea generation process. Blocks with more detail can avoid that in sub-
sequent iterations. For example, something with the size and richness found
in toy platforms such as Lego, K’nex, and Mega Bloks creates a more detailed
scenario. To maintain the focus on the simulation and role-playing aspect of the
method, the moderator could create environments beforehand, for example,
scenarios for a classroom and a home environment, with sufficient actors and
props to act out a custom story. A more focused setup and ample materials to
explore and develop ideas could make the method easier for the children.

Another observation is that much of the demonstration/discussion time went
to acting out the scenario, leaving less time to discuss the interactions presented
in the scenario. The setting of standing around a scenario might have an influ-
ence, as it is different from sitting in a group and taking turns in presenting an
object or an idea. Moving from one scenario to another is quite disruptive for
the flow of the discussions. A setup in which children can take their scenarios
to the group and discuss them would be better.

One of the critical aspects of this setup is to avoid group thinking by having
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an individual idea-generation phase. Another critical aspect is that the group
activity is standardized in a group discussion, allowing to record options and
criteria. Simulation and role-play are often considered a group activity, where
individuals contribute to the evolving role-play with the roles they have indi-
vidually. This setup is less suitable for this setup. If it is to replace the individual
idea-generation phase, it is hard to distinguish the individual contributions.
If the group activity is to replace the group discussion, it is harder to record
options- and criteria.

We had a similar issue with the NGT activity and with how-how diagram-
ming. In those cases, generating ideas was done individually, which worked
quite well in its own respect. The group activity was successful because the
children could bring their ideas to the group and present, shape, and reshape
their ideas in the discussion, where we could record options and criteria. The
prototyping condition was not a problem to fit in this setup.

So maybe we have found the limits of this setup; if the group activity is the
crucial aspect of idea-generation in the design method as it is in simulation and
role-play, this setup is hard to fit in. Maybe the Drama-setup (actors play and
the children would reflect on the play and direct the actors to change the play)
would have been more suitable to execute with this setup.

This setup has proven fruitful in comparing two pairs of design methods.
We can say that this setup is quite robust from the studies executed. It gener-
ates comparable output; it allows for qualitative and quantitative analyses to a
sufficient extent. The analyses we used did not allow for visual inspection of
the design solutions provided, which could have been helpful for the prototypes
and the simulations and role-plays. That would be something to consider for
future implementations to include video analysis in the evaluations.

3.6 Conclusions

In this chapter, we further explored the MIDMACC framework (RQ2). We built
on the experiences with the previous study by comparing two other methods,
Simulation and Roleplay vs. howhow questions, and two age groups, grade
1 in addition to grade 5. The methods differ for the number of intelligences
they involve in the idea generation process. The expectation is that similar to
the study in chapter 2, children would generate more options and criteria with
Simulation/Roleplay than with howhow-diagramming because Simulation/Ro-
leplay involves more intelligences than howhow-diagramming.

A within-subject - comparison showed that there is no significant difference
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between the two methods within each age group in terms of the number of gen-
erated options and criteria. Reasoning from the framework, it could be that the
children did not involve the skills that Simulation and Roleplay required, thus
eliminating the expected differences between the methods. Another consider-
ation is that the generic props prevented the children from involving multiple
intelligences.

All children responded similarly to both methods, which could mean that the
MIDMACC framework applies to children from grades one and five. Nonethe-
less, when executing design methods with children in grade 1, research should
carefully consider the impact of reading and writing skills on the method.

The protocol allowed the comparison of design solutions generated with
four very different (two in chapter 2 and two in this chapter) design methods
in a universal way. For some utterances, we lacked sufficient context to make
an evident observation. A consideration for future iterations would be to in-
clude video analysis to compensate for unintelligible phrases in the options and
criteria because of lack of context.

Finally, this study could not provide conclusive evidence in terms of options
and criteria that the findings in chapter 2 extend to other methods along the
lines of the MIDMACC framework. Further research is required to optimize
the protocols for the limitations found and explore the qualitative differences
between the methods in terms of the creative value of the generated ideas.
The next chapter will evaluate children’s design solutions for novelty as one of
the underlying constructs for creativity. In the final chapter, we will examine
children’s design solutions for creativity.



Chapter 4

Determination of Novelty of
Children’s Design Solutions

Abstract

When involving children in the design process, it is important to understand the
added value of their contributions in terms of creativity. One important aspect of
creativity is novelty. This chapter reviews the applicability of the novelty metric,
as proposed by Shah et al. (2003), for the comparison of two design methods
by the novelty of solutions generated by 8-10 year old children. The novelty
metric is applied to data that is different with respect to a number of paramet-
ers, like a different domain (designing with children, instead of adults) and
design phase (exploratory instead of conceptual), size and variety. Interpret-
ing the results that the novelty metric by Shah et al. (2003) yields under these
circumstances is not straightforward. This chapter describes the difficulties en-
countered and introduces an alternative approach. The alternative approach
allows for a meaningful interpretation for any amount of data, for an explor-
atory phase. Additionally the chapter explains how this approach increases the
sensitivity for detecting differences in novelty when comparing design meth-
ods.
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4.1 Introduction

Creativity is widely regarded as an essential driver behind successful, innovat-
ive designs (Sarkar et al., 2011). The definition of creativity varies greatly, and
there is not one generally accepted definition. In the field of engineering design,
there is agreement over creativity as a problem-solving skill (Hernandez et al.,
2010; López-Mesa et al., 2011; Galindo-Rueda et al., 2015). Novelty is a critical
aspect in identifying creative solutions in a design space (Brown, 2014; Grace et
al., 2014). Therefore, a method that inspires children to generate novel ideas is
considered more effective than a method that does not. To help professional de-
signers choose a design method (RQ1), we have started a program-experiment
into design methods that generate the most novel design solutions. To inform
this program-experiment, we have conducted a study into novelty measures to
estimate the creative value of design solutions (RQ3).

The proposed novelty metric in Shah et al. (2003) is part of a foundational
and recognized work on ideation effectiveness. The work describes four met-
rics (novelty, variety, quality, and quantity). The work of Shah et al. (2003) is
widely adopted and has inspired researchers to propose further refinements and
variations to the metrics, for example, for the novelty metric (Hernandez et al.,
2010; Wilson et al., 2010; López-Mesa et al., 2011; Verhaegen et al., 2011) and
the variety metric (Nelson et al., 2009). These refinements consider additional
levels of novelty (Verhaegen et al., 2011), the types of expectedness in nov-
elty (novelty, surprise, and transformational creativity, (Grace et al., 2014)) or
add an aspect of review in the process of determining the novelty of an artifact
(Sarkar et al., 2011). Brown (2014) explored the metric for application in the
field of computational creativity. He found, however, that the metric is limited
to Engineering Design, mainly because of elements in the metric that rely on
human assessment.

The metric proposed in Shah et al. (2003) only seems applicable to small
datasets. Using the data set from Sluis-Thiescheffer et al. (2011) revealed two
problems with the metric to use this metric for our dataset. The first problem is
that the (relative) metric only allows comparing design solutions within specific
subsets (the attributes, see section 4.2.3). The second problem is that applying
the metric to a large data set decreases the difference in novelty between design
solutions. A decreased difference in novelty between design solutions for large
datasets is a confounding factor in finding an effect. The cause of these prob-
lems probably lies in the modeling of novelty. A proper redesign of a function
for novelty lies beyond the scope of this chapter. Instead, we propose to use a
simple procedure to compare design solutions and design methods on novelty,



4.2 Review of applying the novelty metric S. 101

based on the top percentiles of least expected design solutions.

This chapter describes the application of this novelty metric to compare the
design solutions generated by children using two design methods, the nominal
group technique (a form of brainstorming) and prototyping. The data was gen-
erated in the study reported in chapter 2. That study examined differences in
quantity and showed that children indeed generated significantly more ideas
with the prototyping method than with NGT. Interestingly, the ideas generated
with NGT were, according to expert assessment, more creative (reported in
Thang et al. (2008), also see chapter 5). One explanation could be that the
ideas generated through NGT were more novel than the prototyping method.
Since novelty is an essential factor in an exploratory design phase (the design
phase we focus on), we want to examine this possibility. To be more efficient
than a labor-intensive extensive expert review method, we will examine the
data using a metric for novelty. The metric can determine whether or not the
ideas generated through NGT are indeed more novel than through prototyping.

A metrics-based evaluation of children’s design solutions is preferred be-
cause it is more efficient with large amounts of data, a calculation is less sub-
jective, and the results are inspectable (Vermeeren, 2009). This chapter makes
three contributions to the field. The first contribution is reviewing the calcu-
lation for novelty as proposed in Shah et al. (2003) (section 4.2). The second
contribution introduces a different way to calculate the novelty metric (sec-
tion 4.3). The proposed metric starts from the same principle as Shah et al.
(2003) by measuring novelty based on frequency. The working principle of the
metric is shown with the dataset from the study reported in chapter 2. The third
contribution is applying the novelty metric in participatory design with children
(section 4.5.6).

4.2 Review of applying the novelty metric S.

To measure the novelty of ideas in a design space, we will first define what
we mean with an idea, then define novelty, and finally introduce the process
of applying the metric for novelty as proposed in Shah et al. (2003). We have
applied the novelty metric to the output from the same study as reported in
chapter 2.
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4.2.1 Defining novelty

Definition of a design idea as a design artifact composed of attributes

Shah et al. (2003) take an approach to measure novelty with a design method
that results in design artifacts. Thus, the ideas resulting from the method are,
in fact, the artifacts. They provide an example of a prototyping session that
results in physical objects that address the design problem. In this study, the
results of an evaluation session are not artifacts per sé, but design artifacts in
verbal descriptions of physical objects and actions. To include this method and
other methods that result in a description of a design artifact, like sketching
sessions or roleplaying, we broaden the term design artifact to include verbal
descriptions of physical objects and actions.

Shah et al. (2003) explains that attributes and functions further specify a
design artifact. This chapter will continue to use that terminology with one
simplification: the term "attribute" refers to attributes and functions. Although
there are semantic differences (e.g., properties vs. actions), both functions and
attributes are treated identically in the calculation of novelty.

Finally, we distinguish between an attribute as a category and an instance of
that category. The term "attribute" in the remainder of this document will refer
to the category, the term "design solution" will refer to an instance of that attrib-
ute. For example, in Shah et al. (2003) the design method resulted in design
artifacts that could travel as far as possible, propelled by compressed air. Each
device had an attribute “propulsion”. Some devices were propelled by “sail”,
others by “jet” etc. The instances “sail” and “jet” are called “design solutions”
for the attribute propulsion.

To summarize the breakdown of the content of a design method:

• A design method results in design artifacts

• Each design artifact is described with attributes

• Each attribute is described by the design solutions (instances from the cor-
responding design artifacts).

Definition of novelty

Novelty is designed by Shah et al. (2003) as:

a measure of how unusual or unexpected the idea is, compared to
other ideas.
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In other words, novelty is a measure of expectedness, where unexpected
ideas are considered novel, and expected ideas are not-novel. The novelty value
(i.e., the expectedness) of a design solution is determined a posteriori: it is
calculated based on the frequency of that design solution within the generated
design space. More specifically: the number of times a specific design solution
is generated compared to the total number of design solutions generated for
an attribute determines the novelty score. The novelty score for the design
artifact is the sum of the novelty scores of the corresponding design solutions.
The novelty score for a method is the sum of the novelty scores of the design
artifacts in the generated design space.

Five steps to compare design methods in terms of novelty

The general process for applying the novelty metric in Shah et al. (2003) con-
sists of five steps:

1. collect all design artifacts from all methods;

2. decompose the design artifacts into instances of the main attributes and
functions (i.e., into attributes);

3. apply the novelty metric to determine the novelty score for the attribute;

4. determine the novelty score for the design artifact by a summation of the
novelty scores for attributes (i.e., the instances of attributes and functions);

5. determine the novelty score for a method by a summation of the novelty
scores for design artifacts.

4.2.2 The novelty calculation according to Shah. et. al.

The novelty value (S) for each design solution (i) is calculated according to
equation (4.1). T j is the total number of design solutions from all participants
from all methods for attribute j ; Ci j is the frequency of design solution (i)
for attribute j and Si j is the resulting novelty value for design solution (i) for
attribute j . According to this equation, the resulting S can be any number
between zero and ten.

Si , j =
T j −Ci , j

T j
×10 (4.1)
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Example from Shah et al.

Shah et al. applied their novelty metric to 46 design artifacts from a design
competition. The design competition asked for an object that could travel as
far as possible, somehow propelled by compressed air. For the design artifacts,
they identified four attributes. Each design artifact satisfied each attribute with
one solution. Thus, Shah et al. worked with four times forty-six attributes. The
four attributes were (1) Propulsion, (2) Medium of Travel, (3) Motion and (4)
Number of Parts.

Table 4.1 an overview of their dataset. "T" refers to the total number of
design solutions for an attribute. The number of different design solutions is
"t", for example: attribute propulsion has the design solutions “jet”, “jet on sail”,
“turbine” etc. The S interval shows the novelty values for the least and most
frequently generated solutions for an attribute.

T t C max C min S interval

1 Propulsion 46 10 26 1 4,3 - 9,8

2 Medium of Travel 46 3 34 2 2,6 - 9,6

3 Motion 46 3 30 3 3,5 - 9,3

4 Number of Parts 46 2 39 7 1,5 - 8,5

dataset Shah et al. (2003)

Attribute

Table 4.1: Overview of the dataset presented in Shah et al. (2003). T is the total num-
ber of design solutions for that attribute, t is the number of different design
solutions, C max is the frequency of the most often (most trivial, least novel)
generated design solution, C min is the frequency of the least often (least
trivial, most novel) generated design solution for an attribute. The S interval
shows the interval of the novelty scores for an attribute.

In this dataset there were only two design artifacts that had “Water” as a
design solution for the attribute “Medium of Travel”. Water is therefore the most
novel solution (C = Cmi n = 2). The novelty value for water is calculated in
equation (4.2).

TMedi umo f Tr avel = 46,Cw ater = 2 =⇒ Sw ater = (46−2)∗10/46 = 9.56 (4.2)
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4.2.3 Review of applying the novelty metric S to compare
methods

First, we will describe several problems we encountered while applying the
method to the data from the comparative study. Then we will explain these
phenomena employing two theoretical, extreme examples.

Problems detected when applying the novelty metric to the dataset from
the comparative study

As mentioned in the introduction of this chapter, applying the novelty metric by
Shah et al. (2003) resulted in novelty values that were difficult to interpret. This
section will summarize the factors under which the datasets were obtained and
run through a visual inspection of the data when we applied the novelty metric
as introduced in Shah et al. (2003). With the visual inspection of the data, we
can point to the problems found to justify a review of the novelty metric. In
subsequent sections will propose a different calculation that overcomes these
problems.

Our study focused on an early phase in a design process, an exploratory
phase. We collected verbal explanations generated by children around ten years
of age through two defined ideation methods: prototyping and evaluation. In
table 4.2 we present an overview of the characteristics of the data collected and
compare them to the characteristics of the design competition in Shah et al.
(2003).

Study Setup Shah et al. (2003) Comparative study

Number of participants 46 teams 62 children

Type of participants design students children of around 10 years old

Design Phase Concepting Exploratory / Idea Generation

Number of methods

1

(prototyping)

2

(prototyping and brainstorming)

Medium of Expression prototypes

verbal explanations;

supported by prototypes or 

brainstorming notes

Table 4.2: The characteristics of the study setup in Shah et al. (2003) and of the com-
parative study.

There are differences in settings, like the age of the participants and the
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design phase. Although the expression is different, the attributes and artifacts
are similarly articulated. In Shah et al. (2003) the analysts interpreted and
explicated the attributes. In our study, the children themselves explained what
the attributes of their ideas were. Both design studies resulted in data that is
suitable to apply the novelty metric to: 46 artifacts (one per team) in Shah et
al. (2003) and 62 design ideas (one for each child) in Sluis-Thiescheffer et al.
(2011) (chapter 2).

The design solutions in the comparative study were verbally explained design
artifacts. The design artifacts explained in the dataset were analyzed accord-
ing to the proposed procedure in Shah et al. (2003). To compare the nov-
elty values, we collected all design artifacts generated by all participants from
both methods. Then we identified the relevant attributes for solving the design
problem, such as input device and output device. "T" refers to the total num-
ber of solutions for an attribute. Then we identified the unique solutions for
those attributes, i.e., "t," the number of different attributes (for example, input
device=keyboard, microphone, camera). Finally, the frequency of each unique
solution determined the novelty of each solution for an attribute. Table 4.3
provides an overview of the numbers. The S-interval shows the novelty values
for the least and most frequent solutions for an attribute.

T t C max C min S interval

1 Human Device Interaction 816 170 160 1 8,0 - 9,9

2 Information 505 124 64 1 9,1 - 10

3 Physical property 374 49 137 1 6,3 - 10

4 User 350 19 131 1 6,3 - 10

5 Location 293 58 53 1 8,2 - 10

6 Input Device 265 43 74 1 7,2 - 10

7 Output Device 217 40 80 1 6,3 - 10

8 Throughput device 199 44 41 1 7,9 - 9,9

9 Non-Device object 193 102 19 1 9,0 - 9,9

10 Time 13 6 4 1 6,9 - 9,2

Attribute

dataset comparative study

Table 4.3: The dataset resulting from our study. T is the total number of design solu-
tions for that attribute, t is the number of different design solutions, C max
is the frequency of the most often (most trivial, least novel) generated design
solution, C min is the frequency of the least often (least trivial, most novel)
generated design solution for an attribute. The S interval shows the interval
of the novelty scores for an attribute.

Visual inspection of the S-intervals shows all solutions generated have a rel-
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atively high novelty value: none of the intervals drops below 6.3. A high novelty
value could mean, for example, that the children were highly creative. It could
also mean that something particular is going on with the novelty calculation.
One factor is the number of different solutions (t). The higher the number
of different solutions, the smaller the S-interval and closer to perfect novelty
S ∼ 10. It is hard to conceive that the least novel idea, such as Human Device
Interaction, still scores an 8,8. There are 816 solutions (table 4.3), and the raw
results showed that the least novel contribution has a frequency of 160. Thus,
a solution generated on average 2-3 times by each of the 62 subjects receives a
higher novelty score than, for example, the least novel solution for time. The
least novel solution for time (generated four times, received a novelty score of
6,9) was generated on average by only 1 in every 16 participants. The phe-
nomenon is not limited to our data. It is also the case for the novelty values in
Shah et al. (2003) in table 4.1 albeit less substantial, because they have a lesser
amount of data.

The following section will explain this phenomenon further through extreme
examples. After that, we will explain an alternative approach that resolves this
problem.

The problems with S-scores explained with two extreme examples

How to interpret the novelty values when the trivial solutions receive high nov-
elty scores? In Shah et al. (2003) the authors do not explicitly explain how
to interpret the S-values. In the description of the working principle, Shah et
al. assume that all S-values from all attributes are equally meaningful when
they add the novelty values of solutions for different attributes to calculate the
overall novelty of a design artifact. Their assumption implies a novelty model
on a 10-point, continuous scale because of the reach of S ∈ [0−10) where S = 0
means completely trivial, and S ∼ 10 approximates ultimate novelty. The sub-
sequent paragraphs show the dynamic behind the high novelty scores for trivial
solutions. We will argue that the distribution of S values for solutions of an
attribute needs consideration before aggregating S-values for solutions of dif-
ferent attributes. We will illustrate the principles with extreme examples.

Suppose there are forty design artifacts to examine two attributes (P and
Q). Hypothetical designers generated solutions for the attributes with methods
A and B. Method A resulted for attribute P in forty times the same solution
X (TP = 40 and CPX = 40). The novelty value for solution X is Ssolution X = (40−
40)/40×10 = 0 (see Figure 4.1). Considering the theoretical reach of S,S ∈ [0−10),
this result indicates that method A was extremely unsuccessful: the one solution
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generated receives the lowest possible novelty score of SPX = 0.
Method B resulted for attribute P in forty unique solutions (TP = 40, Cany solution =

1). They all have a frequency of Cany solution = 1; thus, the novelty value is
the same for all solutions. Suppose one of the solutions of method B coin-
cides with method A. The novelty score for solution X using method B is SPX =
(40−1)/40×10 = 9.8 (see Figure 4.1. Considering the reach of S,S ∈ [0−10), this
result indicates that method B was extremely successful: the resulting solutions
approximate a near-perfect novelty score of SP any solution = 9.8.

Thus, the same solution X receives either the maximum or the minimum nov-
elty value, depending on whether it was generated through method A (Sattribute XA =
0) or method B (Sattribute XB = 9.8). We merged the set of solutions for attribute
P from methods A and B into one set to compare the methods. The merging
process changes the novelty score of solution X. In the merged set of solu-
tions for attribute P (TP = 80), solution X (CPX = 41) has a novelty value of
SPX = (80−41)/80×10 = 4.9. Figure 4.2 shows how the changed distribution of
solutions in the combined set changes the novelty values accordingly.
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Novelty Score (S) for a design solution

Extreme Example 1
Method A results in one unique design solution (C=40, S=0) 

for attribute P (T=40)

(a) Using Method A resulted in 40 times
solution X for attribute P
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Novelty Score (S) for a design solution

Extreme Example 2
Method B results in 40 unique design solutions (C=1, S=9,8) 

for attribute P (T=40)

(b) Using Method B resulted in 40 unique
solutions for attribute P, one of which is
solution X

Figure 4.1: Two graphs of an extreme example of method output for attribute P. With
both methods 40 solutions were generated. Method A generated 40 times
the same solution, method B generated 40 times a unique solution.

This extreme example suggests that the S-values only have meaning within
the context of the distribution of novelty values in the set: SPX combined = 4.9 and
SPX method A = 0 are different values that share the same meaning: "solution X
is the most trivial solution." The value of SPX, therefore, cannot be interpreted
without knowing the distribution of novelty values for attribute P in either set.
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Extreme Example 1 and 2
The design solutions for attribute P (T=80) of method A and B are combined; 

the novelty value for the design solutions of method A  is now S=4.9.
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Figure 4.2: When the set of solutions generated through method A is merged with
method B, the solutions for attribute P in method A increase in novelty from
S = 0 to S = 4.9. For attribute P, the lowest novelty score in the combined set
is now 4.9.

Interpretation of the novelty values becomes more complicated with a second
attribute (Q). Suppose method A resulted for attribute Q in two different solu-
tions, Y and Z, and both methods generated the solutions twenty times. The
novelty score for solution Y using method A is SQY = (40−20)/40×10 = 5. Be-
cause solution Y and Z have the same frequency, the novelty score for solution Z
is also twenty; SQZ = (40−20)/40×10 = 5. Considering the reach of S(S ∈ [0−10))
indicates that the solutions generated with method A are mediocre; a novelty
score of five approximates the middle between the extreme ends of that reach.
The distribution of frequencies is not informative in this case. All ideas are
equally novel, and there is not a relative minimum or maximum novelty value.
Therefore, it is unclear whether Y and Z are the two most novel or trivial solu-
tions.

Suppose method B yielded the same results; identical to method A, method
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B resulted in two solutions for attribute Q, Y, and Z, and method B generated
each solution 20 times. Thus method B also yielded SQY, QZ = 5. We merged
the two datasets to compare the two methods for attribute Q. Solution Y and
Z in the combined set maintain the same novelty value as in set A or B of
SQY, QZ = (80−40)/80×10 = 5, indicating a mediocre result based on the reach of
S. Again, the distribution of the values does not provide more information, as
all novelty values are the same.

The novelty score for attribute Q raises another question: How does the
novelty value of the solutions Y and Z (SQY, QZ = 5) relate to the novelty value
of solution X (SPX = 4.9)? If solution X is the least novel solution, and solution Y
is a mediocre solution, then the novelty values for the solutions for attribute P
require another operation to reflect that difference. If solutions X, Y, and Z are
more or less equally trivial results, the difference between the original values
for solution X (Method A: SPX = 0 vs. SQY = 5) are hard to explain. So, within
each attribute and a method, the interpretation of novelty scores makes sense.
A comparison between methods using S is complicated, if not impossible. The
changes in novelty scores between the combined set for method A and B and
the original sets for method A and B respectively will make it complicated, if
not impossible, to trace coherent and consistent differences and subsequently
interpret and explain those differences between the methods.

4.3 The proposed novelty calculation

This chapter proposes a simple but effective method to overcome the indicated
problems in comparing methods for the novelty of design solutions. The pro-
posed procedure takes a binary approach for determining the novelty (B) for a
solution; a solution is either novel or not novel. An á priori established threshold
of expectedness determines the cut-off point of the novel (low-frequency) and
trivial (high-frequency) design solutions. Trivial design solutions receive a nov-
elty score of Bi , j = 0. Consequently, low-frequent solutions are considered novel
and receive a novelty score of Bi , j = 1. A threshold in terms of percentiles of the
total number of generated solutions considers the size of the dataset.

4.3.1 Example from the current study

To determine whether or not an attribute is novel, we set the frequency threshold
’a priori at a .75 percentile(Q3) for the frequencies of the solutions for an at-
tribute (i.e., Q3 of all values for C j in equation 4.1). The choice for Q3 is in
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principle arbitrary, but it seems logical to choose a value that disregards at least
50% of the most frequently generated solutions. The third percentile focuses
on the twenty-five percent of least frequent half of generated solutions. To as-
sign the novelty value to the solutions, we first rank the solutions by frequency,
from the highest frequency to the lowest frequency, i.e., from the least novel
solution to the most novel solution. Then we determine Q3. A solution with
a frequency higher than Q3 is an expected solution, i.e., it is a non-novel solu-
tion with Bi , j = 0. A solution with a frequency equal to or lower than the Q3
frequency is an unexpected solution, i.e., it is a novel solution with Bi , j = 1.

Figure 4.3 shows the attributes for the attributes Time and HDI in order
of descending frequency. The Figure shows that for Q3, the novelty threshold
Q3T i me = 2, hence the attributes with a frequency of two and lower (C j É 2) are
considered novel. For HDI, the novelty threshold Q3HD I = 4. HDI attributes are
considered novel with a frequency of four and lower (C j É 4).

4.3.2 Overview of the steps to take for the alternative metric

The following steps summarize the proposed approach:

1. Collect all design artifacts generated;

2. Identify for each design artifact how the attributes are satisfied (i.e. ob-
serve the solutions);

3. Set the “expectation threshold”

4. Calculate for each solution h (in attribute i, from design artifact j) whether
Bh,i , j = 1 or Bh,i , j = 0.

In the context of a design competition (as reported in Shah et al. (2003))
the subsequent steps are:

1. Calculate the sum of the novelty scores for each design artifact (M j =∑
Bh,i )

2. Compare the scores for each design artifact to determine the most novel
design artifact.

In the context of comparing design methods the subsequent steps are:

1. Calculate the sum of the attributes (
∑

Bi , j ) per session for each method

2. Compare the scores for each session for each method.
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Figure 4.3: Analysis of the novelty of the design solutions for the attributes HDI and
Time. T is de total number of design solutions, Q is the .75 percentile (i.e.
third quartile Q3). For each attribute all design solutions are in descending
order of the frequency (i.e. in ascending order of novelty). The labels in the
bars show the absolute frequency of a particular design solution. The 75%-
line shows the .75 percentile Q3 where Q3Time = 2 and Q3HDI = 4. Thus,
all design solutions with a frequency F where FTime > 2 and FHDI > 4 are
considered as not novel (Bi , j = 0), all design solutions with a frequency F
where FTime ≤ 2 and FHDI ≤ 4 are considered as novel (Bi , j = 1).

4.4 Results of comparing NGT en prototyping for
novelty

This section reports the results for comparing the two methods for novelty.



4.4 Results of comparing NGT en prototyping for novelty 113

4.4.1 No significant difference between the number of novel
solutions for the two methods

The twelve group discussions were analyzed for ten different attributes (see
table 4.3), using the steps explained in the previous section. There were, in
total, 3225 solutions generated through the combination of prototyping and
NGT. After allowing only the 25% least frequent solutions for each attribute,
conversations after the NGT session contained on average 40 novel solutions
with a .05 confidence interval of [31.419;48.248]. The conversations after the
prototyping session contained, on average, 38 novel solutions with a confidence
interval of [27.947;47.053]. Using repeated measures did not show a significant
difference between the two methods. Figure 4.4 shows the difference between
the average number of novel solutions.
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Figure 4.4: The average number of novel solutions generated per method in a design
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ures of the general linear model. To display a representative confidence in-
terval for a within-subject contrast, the confidence interval is divided by
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(Loftus et al., 1994)
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4.4.2 Significantly more novel solutions when prototyping
follows NGT

The group results were further analysed for possible interaction effects. Using
repeated measures with α = 0,05 shows a between subject effect for order of
F = 5,926 and p É 0,035. Figure 4.5 shows the difference in average number of
novel solutions for order.
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Figure 4.5: The average number of novel solutions generated per method in a design
session, either after an NGT session or after a prototyping session. The Figure
shows a between subject effect for order; the order NGT-prototyping results
in more novel solutions than the reverse order. The error bars in the Figure
show the 0.05 confidence interval.

4.5 Discussion

This chapter applied the novelty metric as proposed in Shah et al. (2003) to
field data. When applying the novelty metric to design solutions generated by
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children, we found that a consistent interpretation of the novelty scores was
cumbersome. We presented an alternative process that does allow a consistent
interpretation. Furthermore, our approach is a relatively simple procedure to
calculate novelty. The resulting novelty scores for the design solutions did not
significantly differ in the number of novel attributes between NGT and prototyp-
ing. The study showed a significant difference in the number of novel attributes
depending on the order of NGT and prototyping.

4.5.1 Application of the metric on field data revealed an in-
terpretation problem with the novelty metric

In the demonstration of the novelty metric in Shah et al. (2003) the authors
did not encounter the reported problems. There are at least two good reasons.
Firstly, they did not have to show the procedure for comparing methods to show
the working principle for the novelty metric. Secondly, they worked with entries
from a conceptual design phase resulting in an equal number of design solutions
for each attribute. We worked with data from an exploratory design phase,
resulting in a different number of design solutions for each attribute.

The proposed metric for novelty by Shah et al., 2003 is fundamental. Shah
et al. (2003) dit not need to demonstrate the interpretation of the novelty metric
beyond comparing design artifacts to demonstrate a working principle. Others
considered (López-Mesa et al., 2011) or applied the metric in a study (Hernan-
dez et al., 2010; Wilson et al., 2010; Ferent et al., 2011), but none that we are
aware of applied the metric for comparing design methods.

Furthermore, there are two differences between the Shah et al. (2003) data-
set and our dataset that can explain why we detected the identified problems
(see table 4.2 in section 4.2.3 on page 105. Firstly they used a low number of
design artifacts. Secondly, our design artifacts were generated in a more ex-
ploratory phase of the design process, whereas in Shah et al. (2003) the design
artifacts were created during a conceptual phase. Shah et al. analyzed 46
design artifacts for which they identified four attributes. Each artifact satisfied
each attribute with one attribute; hence Shah et al. worked with four times 46
attributes.

As explained in section 4.2.1 one difference is that in Shah et al. (2003)
each design artifact had the same number of relevant attributes, and for each
attribute, there were 46 design solutions. A likely situation in a design compet-
ition is that a design artifact must comply with certain rules. Furthermore, it
is a probable situation in the context of the conceptual design phase, in which
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the important attributes for a design are determined. In an exploratory design
phase, the number of attributes and the importance of each attribute are not
(yet) determined. Some children focused on a few specific attributes in the
design sessions, generating multiple design solutions for these specific attrib-
utes and neglecting the other attributes. As a result, the design artifacts from
the presented study are not equal in the number of solutions for each attribute.
The exploratory character of the design artifacts is explained in Figure 4.6.
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(a) Multiple solutions for one
attribute
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Figure 4.6: In contrast with the dataset from Shah et al. (2003), in the results of the
comparative study, the number of design solutions per attribute differs.
Some children suggested alternative design solutions for one attribute (Fig-
ure 4.6a). Some children included design solutions for attributes (e.g. loca-
tion of the design artifact) that others disregarded (Figure 4.6b).

Shah et al. (2003) normalize novelty S with a multiplication by 10, prob-
ably to fit a 10 point scale. Their example showed novelty values comparable
and interpretable on a 10 point interval. However, in our review, we found
that the novelty values of different attributes are, in fact, not comparable. An
equal number of solutions for each attribute and a relatively low number of data
points can easily obscure that. A varying number of solutions and a big data set
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revealed that the metric would require normalization of scores between attrib-
utes, at least when comparing novelty scores from multiple attributes in artifact
- or method comparisons.

The proposed method works around creating normalized novelty scores for
the entire solution space. The proposed method only focuses on the most novel
ideas, which implies that the differences in novelty between attributes for each
attribute are small enough to be neglected in this area of the design space. The
congression of the lines for each function around N = 10 in Figure 4.7 shows
that in the Shah et al. (2003) study, the differences are at least smaller when
working with the most novel attributes. The chosen threshold value (in our ap-
proach the 25% most novel ideas) determines what is considered a reasonable
level of the relative difference in novelty between the attributes. Normaliza-
tion introduces the question of what normalization function should be applied,
which subsequently gives rise to a more fundamental question: How does nov-
elty relate to frequency?

4.5.2 Probably there is an asymptotic relationship between
novelty and frequency

The novelty values in Shah et al. (2003), are described as a linear relationship
(see equation 4.3).

S1 j =
T j −C1 j

T j
×10

= (
T j

T j
− C1 j

T j
)×10

=−10

T j
C1 j +

10T j

T j

=−10

T j
C1 j +10 (4.3)

The linear relationship between novelty and frequency described in equa-
tion 4.3 was in the case of Shah et al. (2003) the same for each attribute, in our
case this relationship was unique for each attribute, as T j was different for each
attribute. In Figure 4.7 we show S as a function for the attributes HDI (SHD I ),
time (St i me) and the function for the attributes in Shah et al. (2003).

The assumption of a linear relationship is remarkable for three reasons.
First, the linear function suggests that there are attributes in the design space
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of that attribute that can be perfectly novel (Sper f ect = 10) and that there are
perfectly trivial attributes (Str i vi al = 0). However, the interdependency of C and
T creates two rather odd situations: (1) Perfect novelty does not exist, because
it requires C j to be zero, and (2) an attribute with only one solution, regardless
of the frequency, will receive a score of perfect triviality (because C1 j == T j ).
Second, the linear function also implies that the increase (or decrease) in nov-
elty values is a constant in any given design space. That representation might
be an oversimplification of how human beings perceive novelty. We assume that
there will be only a few solutions with a high novelty score in any given design
space: a mix of truly novel solutions and a few very trivial ones. The majority
of solutions will only subtly differ in novelty. Therefore the function f (x) = 1

x
(Figure 4.8) might yield a better representation of novelty.

The function f (x) = 1
x suggests that there is not such a thing as a perfect

novelty or perfect triviality. Secondly, the asymptotic function is probably more
representative of the relationship between novelty and frequency. The vertical
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asymptote suggests that novelty will decline rather rapidly with a marginally
increased frequency. A steep decline in highly novel design solutions is more
intuitive because the difference in novelty between a solution that is generated
only once (very novel) and a solution that is generated four or five times (some-
what novel) is probably more significant than a solution that is generated 100
times vs. a solution that is generated 105 times. The horizontal asymptote sug-
gests precisely that: The novelty for attributes with a high frequency will not
differ much. In future work, this idea could be further explored and validated.

4.5.3 A significant interaction effect for NGT followed by pro-
totyping

The results from the statistical analysis show that the average number of novel
design solutions generated through NGT does not differ significantly from the
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average number of novel ideas generated through prototyping. A visual inspec-
tion indicates that prototyping generated a lower number of novel design solu-
tions than the NGT method. This indication is consistent with what we found
through peer review (Thang et al., 2008). Design experts reviewed design
artifacts from the same dataset for creativity in that study. The experts con-
sidered design artifacts generated through prototyping consistently less novel
than design artifacts generated through NGT. The data points in that study were
large enough for a straight comparison but not large enough for measuring a
significant interaction effect for the order of design methods.

Interestingly, this study shows a significant interaction effect for order. When
NGT was performed first, there is a significant increase in novel design solutions
generated through prototyping, whereas when prototyping was performed first,
the subsequent NGT method did not result in significantly more novel design
solutions. Only a few studies that we are aware of investigated the effects of
NGT on subsequent creative tasks (McGlynn et al., 2004; Coskun et al., 2009;
Al-khatib, 2012; Fitton et al., 2016). The general finding is that NGT positively
affects subsequent idea generation or creative problem-solving tasks. McGlynn
et al. (2004) also reports that in a series of subsequent NGT tasks, the earlier
possible design directions become apparent, the more the performance in sub-
sequent NGT tasks becomes inhibited.

4.5.4 Determination of the threshold

In our proposal, we suggested a threshold at 25% of the number of the most
novel solutions. That seems a sensible approach when working with large
amounts of data. However, when there are only a few solutions for an attribute
(like for Time in our dataset), the threshold might seem somewhat arbitrary as
the solutions differ only one instance in frequency (see Figure 4.3. For smal-
ler datasets, it is probably better to choose the median (50% of the number of
solutions with the lowest frequency). Further research is required to develop
proper guidelines on which threshold to apply. Another solution is to create a
more weighted value that accounts for the differences in frequency within the
percentile.

The advantage of disregarding 75% of the data is that it resolves the prob-
lems encountered. The bias of high novelty scores for trivial ideas will not apply.
In the extreme case for attribute P, where method A resulted in trivial design
solutions and method B resulted in only novel design solutions, all design solu-
tions for method B except design solution X are included in the novelty score.
In a method comparison, B results in 39 novel design solutions, and A results in
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0 novel design solutions, clearly showing B to be the most effective for gener-
ating novel (unexpected) ideas. In the extreme case for attribute Q, while both
methods A and B resulted in the same number of design solutions Y and Z, it
will depend on the threshold whether the design solutions are considered novel
or not. The design solutions Y and Z, each accounting for half of the generated
ideas, will only be considered novel if the threshold for novelty is 50%. A higher
threshold will disregard the ideas as too trivial to be considered novel (which
makes sense if they are generated so often).

Another disadvantage of using a threshold of 25% is that we discard 75% of
the data. There is room for improvement there, but it requires further advance-
ments in computational novelty. The high numbers of ordinary or even trivial
solutions obscure when we want to calculate statistical differences between the
low frequent, novel solutions. Therefore we suggest analyzing only the most
novel solutions in the data.

4.5.5 Expectedness as a measure for novelty

Expectedness is a simple but straightforward representation for the novelty of
design solutions (Grace et al., 2014). The results show that the metric for com-
puted novelty did not yield a significant difference between the attributes gen-
erated through NGT and prototyping, whereas designers ratings (Thang et al.,
2008) do differentiate the methods on assessed novelty. The lack of a difference
could be explained by the basis for the computed novelty metric: expectedness.
Expected solutions are probably not-novel as they occur in a higher frequency.
On the other hand, unexpected solutions are probably not only novel solutions
but also trivial ones. Good conversation skills require to minimize redundant
contributions, thus in a low frequency for trivial solutions. The low-frequency
results in a high novelty score for trivial solutions. Designers can distinguish
between novel and trivial solutions. However, in applying the metric, there
is not such filtering. Therefore, trivial solutions remain a potential bias when
using expectedness as a proxy for novelty.

4.5.6 Added value of applying the novelty metric in the field
of interaction design and children

In the introduction (section 4.1, we mentioned that research in the field of
interaction design and children on the ideation effectiveness of participatory
design methods is scarce. This work has made a small step in this direction. By
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applying a novelty metric on data from children, we have shown that it is theor-
etically and practically possible to apply measures for ideation effectiveness for
design solutions generated by 8-10-year-old children. The calculated novelty
also shows that children create significantly more novel design solutions using
a prototyping method after they have performed an NGT method.

Further research is required into the capability of children to generate novel
ideas related to their developmental stage. Also, it is necessary to gain more
insight into what skills they need to have acquired to be effectively involved in
ideation methods. This line of research is not limited to novelty but extends to
more ideation effectiveness measures, like variety, quantity, and quality (Shah
et al., 2003).

4.6 Conclusion

This chapter reviewed the application of the novelty metric as proposed in Shah
et al. (2003) to compare design methods used to value the input of children in a
design process (which informs RQ3). We applied the metric to data from a field
study comparing the novelty of design solutions generated by children through
two different methods, the Nominal Group Technique (NGT) and Prototyping.

The metric by Shah et al. (2003) leads to uninterpretable results. Differ-
ences between the dataset from the field study and the original paper (Shah
et al., 2003) could not explain the problematic results. A review of the nov-
elty metric with extreme examples revealed two fundamental problems: (1) the
proposed metric only yields sensible results for comparing design solutions for
an attribute, prohibiting a comparison between attributes, artifacts, and meth-
ods; and (2) the metric decreases differences in novelty scores when working
with large datasets, which is a confounding factor in analyzing for statistically
significant differences.

To overcome these problems, we have proposed an alternative procedure,
based on the same principle as Shah et al. (2003) that frequency (or “expected-
ness”) of a design solution indicates its novelty. The alternative method focuses
only on the top percentiles of most novel design solutions. Using this alternat-
ive method yields interpretable results when comparing methods. Secondly, it
is instrumental when using large datasets.

The alternative metric applied to the data from the field study did not lead
to a significant difference in novelty for design solutions generated through the
methods NGT and Prototyping. However, the study did show a significant inter-
action effect for the order: performing nominal brainstorming before prototyp-
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ing leads to significantly more novel design solutions than the reverse order. We
hypothesize that using a nominal brainstorming technique before a prototyping
method improves the accessibility of creative ideas in a prototyping session.

In further developing the novelty metric, we indicate that further research is
required to understand the relationship between frequency and novelty better.
The metric by Shah et al. (2003) defines a linear relationship between frequency
and novelty. We suggest that this relationship is probably better represented by
a variant of the function f (x) = 1

x , where x is the frequency of a design solution.
We argue that an asymptotic function better describes how expectedness relates
to the frequency of novel and trivial solutions than a linear function.

Finally, we have applied the metric novelty in the field of child-computer
interaction. As such, we contributed insights from the field of ideation effect-
iveness to interaction design and children. Further research should lead to in-
sights into which ideation methods facilitate children best in generating novel
design solutions and how the quality and quantity compares to design solutions
generated by adults.

In the previous chapters, we have validated the framework with measures
that evaluate only single aspects of creativity, like the quantity of design solu-
tions and the novelty of design solutions. In chapter 5 we will report our
program-experiment into evaluating children’s design solutions for creativity.





Chapter 5
Measuring Creativity in
Children’s Designs

Abstract

This chapter reports on the creativity of childrens’ design solutions. To help
professional designers with selecting a method (RQ1), we need to know (1)
whether we can apply metrics for creativity to childrens’ outcomes(RQ3) and
(2) how these metrics help describe the outcomes of the design method (RQ3),
so that (3) we can extend the MIDMACC framework (RQ2). We evaluated the
design solutions with two common assessments, a holistic using the Consensual
Assessment Technique (Amabile, 1982) and a constructivist using the Creative
Product Semantic Scale (O’Quin et al., 2006). Both evaluations show that ex-
perts’ qualifications for creativity can discriminate design solutions generated
with NGT from those generated with prototyping method (Thang et al., 2008).
The overall conclusion is that children’s design solutions generated with NGT
are rated higher for creativity than design solutions generated with a prototyp-
ing session. CAT discriminates sufficiently between methods, CPSS discrimin-
ates more descriptively between design solutions. The findings contrast with
the hypothesis in chapter 2: the design solutions for NGT rate higher for cre-
ativity instead of prototyping. Triangulation can explain this observation. More
intelligences in a design method means that children generate design solutions
from more perspectives. More evaluation of a design solution results in more of
the qualities ‘workable’ and ‘relevant’ in a design solution.
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5.1 Introduction

Creativity can exist without innovation, but innovation cannot exist without
creativity (Isaksen et al., 2010). In the previous chapters, we have paved the
path to compare design methods and explored basic measures like quantity
(chapter 2 and 4) and novelty (chapter 4) to assess and compare the quality
of the design output generated with a particular method. However, the ulti-
mate goal is to understand the creative value of the design solutions generated
by children. The promotion of creative ideas in a design process is crucial for
long-term economic success (Howard et al., 2008; Ayağ et al., 2009), thus con-
tributing insights to RQ1, we have set up a program-experiment to find appro-
priate creativity measures (RQ3).

The research in this chapter describes the program-experiment to find an-
swers for research question RQ3: Can measures for creativity be applied to
children’s contributions to real-world design problems? Moreover, if so, can
we define the expected creativity of contributions by children to guide pro-
fessional designers in their selection process for a design method? The study
with which we want to find these answers applies two methods. The meth-
ods were developed to evaluate design solutions generated by grown-ups. This
chapter evaluates design solutions generated by children with these methods.
This study builds on the previous chapters by comparing the outcomes of NGT
and prototyping with children. The research in Sluis-Thiescheffer et al. (2011)
(chapter 2) assumes that because prototyping results in more design solutions
than NGT, and thus designers are more likely to find solutions that score higher
for product creativity. We made this assumption based on the MIDMACC frame-
work, with the idea that prototyping involves more intelligences and therefore
allows children to approach and solve a design problem from more perspectives.

In chapter 1 we defined four perspectives on creativity: “people”, “process”,
“product” and “press” (or environment) (Amabile, 1982, MacCrimmon et al.,
1994, Strzalecki, 2000, Christiaans, 2002, Horn et al., 2006, Howard et al.,
2008, Isaksen et al., 2010, Moran, 2011, Casakin et al., 2011, Sarkar et al.,
2011 ), or a combination (Hennessey, 1994; Ayağ et al., 2009; Yuan et al.,
2014). This chapter focuses on the product creativity as a dependent variable
of the process (the design methods): we will measure the creativity of products
generated using two different processes (NGT and prototyping), while we as-
sume the people (children around 10 years of age) and the environment (a
classroom in school) as a constant.

We model the children’s creativity as a constant to focus on the level of
product creativity for children’s design solutions. Individual children will differ
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in creative skills; some might display creativity in solving the design problem
with (’small-c creativity’) design solutions, while others might generate design
solutions that are innovative in a professional environment (‘pro-C-creativity’
Kaufman et al., 2009, like the children we highlighted in chapter 1). Designers
that design children’s products could take the approach to work with the most
creative children, to access the part of the design space with the highest product
creativity. The drawback is that such an approach violates other aspects such
as inclusivity and risks a product that suits the needs of only the most creative
children.

We aim to analyze design solutions generated with the average creativity
skills for children of around ten years old. We will analyze the data we obtained
in chapter 2, generated by groups of children in fifth grade. The groups of chil-
dren generated design solutions partly with an individual process and partly in
a group process. Although each child is the owner of the concept they presen-
ted, we saw that children improved and added functionalities to their concepts
throughout the discussion during the group phase. Therefore each design solu-
tion is an individual effort that benefits from the creativity of all the children
present in each group.

By assuming we work with the average creativity skills of children, we can
evaluate whether the creativity measures are appropriate to use with design
solutions for this age group. If the level of creativity in the children’s design
solutions is not high and the children can only generate simple solutions (cf.
the concept of ‘small c-creativity’), then these metrics will not be helpful. Then
it does not matter which metric we use because the design solutions will not
show a high creativity level.

There are generally two approaches to measuring product creativity; one
approach uses an analytical, descriptive model and evaluates design solutions
accordingly. The other approach uses a holistic view of creativity. An often
used and cited analytical model of creativity in literature is the CPSS (Creative
Product Semantic Scale, O’Quin et al. (2006), describing creativity in fifty-five
opposing adjective pairs. The construct creativity is often simplified to one or a
few key aspects. The prime aspect of creativity is a form of novelty (surprise,
unexpectedness or similar) in combination with the second most important key
aspect: a form of usefulness (appropriateness, workability) (Shah et al., 2003,
MacCrimmon et al., 1994, Piffer, 2012, Sarkar et al., 2011, Toh et al., 2015,
Kristensson et al., 2002). A holistic view opposes these simplified represent-
ations of creativity. A holistic view is based on the idea that the construct
’creativity’ cannot be substituted with a close alternative or satisfactorily sub-
divided into a manifold of underlying constructs. Additionally, creativity has an
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emergent character: new creations redefine creativity repeatedly, thus making it
impossible to objectify (Hofstee, 1985). To obtain creativity ratings for products
can only be done through peer review. Peers are experts in a specific domain
(bound by culture and time); thus, they can recognize and assess creative value
for a specific domain(Amabile, 1982; Gardner, 1993; Hennessey et al., 2011;
Moran, 2011).

In this program-experiment, we conduct two creativity evaluations; the first
evaluation - following the holistic view (CAT, Consensual Assessment Tech-
nique) - comprises experts reviewing the design solutions generated by children
for creativity. The second assessment follows the constructivist view (CPSS),
measuring in detail the constructs that underlie the least and most creative
design solutions. By analyzing the most and least creative design solutions,
we can better describe the design space that these methods facilitate creativity.
NGT is typically known for generating original and novel ideas, whereas pro-
totyping is more associated with exploring concrete solutions. However, these
are common notions; we are not aware of any research that systematically de-
scribed design methods applied with children in terms of the creative value of
the design solutions they generate.

This chapter makes three contributions. There is a need for designers to un-
derstand the creative value of design solutions. Our line of research is to com-
pare design methods based on the creative value of the design solutions gener-
ated when these methods are applied. The first contribution is to help design-
ers to make an informed choice between design methods based on the creative
qualities of the design solutions generated by children using these methods. The
methods are NGT and prototyping, a choice based on which methods suit the
children best, using the MIDMACC framework (Sluis-Thiescheffer et al., 2011).
The second is a procedural contribution by subjecting children’s design solu-
tions to the CAT and CPSS. As far as we are aware, the CAT has only been used
with children’s musical output (Hickey, 2001) to test its reliability in the music
domain. The two approaches have not been used to evaluate design solutions
of children, only with adults. In this program-experiment, the objective is to
learn whether using either or both of these methods developed for professional
designers makes sense to apply to the design output of young children. Thirdly
there is a need to extend the validation of the MIDMACC framework for design
methods, based on the theory of multiple intelligences by Gardner (1999), in
Sluis-Thiescheffer et al. (2011) (chapter 2 of this thesis). The experiment in
(Sluis-Thiescheffer et al., 2011) shows that a prototyping method leads to more
design information than NGT. Sluis-Thiescheffer et al. (2016) indicate that NGT
leads to more novel ideas than prototyping, but the evidence is not conclusive.
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In the current experiment, we explore the differences between design solutions
generated through NGT and prototyping for their creative value, including the
novelty of the design solutions, according to experts.

The creative value of a method is a meaningful indicator of the impact of
a method in an innovation process. The hypothesis by Sluis-Thiescheffer et al.
(2011) was that prototyping would lead to more creative design solutions; the
higher the number of design solutions, the more likely it is there is a higher
number of creative design solutions. Further research (in Thang et al. (2008)
and Sluis-Thiescheffer et al. (2016))indicate that more information does not
necessarily lead to more creative or novel design solutions. Design solutions
generated through prototyping were considered more workable and relevant
(Thang et al., 2008). In the current chapter, we extend the study with a second
assessment of the creative value of design solutions generated through proto-
typing and NGT. If the findings are consistent with those in Thang et al. (2008),
we need to reconsider the assumptions about the generation of creative design
solutions behind the MIDMACC framework of Multiple Intelligences and design
methods (explained in chapter 2). If prototyping indeed generates less creative
design solutions, we need to explain why the involvement of more intelligences
can account for that.

5.2 Defining Product Creativity and two measure-
ments (CAT and CPSS) to observe product cre-
ativity

In this section we define creativity as the creative value of design solutions and
we explain two techniques to measure product creativity:

• the ‘Consensual Assessment Technique’ (CAT) (Amabile, 1982); and

• the ‘Creative Product Semantic Scale’ (CPSS) (O’Quin et al., 2006).

5.2.1 Defining the value of product-creativity

Two elements are essential to judge product creativity: the perspective on cre-
ativity and the metric to assess innovative products. To determine the type of
measurement tool, first the perspective on creativity needs to be determined
(Horn et al., 2006). Without a well-defined perspective on creativity, reproduc-
tion of the study is impossible as it remains unclear whether the assessment tool
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matches the implicit perspective of creativity (Fishkin et al., 1998). Therefore,
in addition to a general assessment of creativity, a clear perspective on creativity
is required.

Originality and Usefulness are key aspects of product creativity ((Amabile,
1982; Kristensson et al., 2002; Shah et al., 2003; Horn et al., 2006)). How-
ever, originality does not exclude trivial and obvious ideas, and usefulness must
be more nuanced. The requirement usefulness limits the number of novel but
bizarre ideas (Warr et al., 2005; O’Quin et al., 2006), but still allows the un-
wanted possibility to create useful, though inappropriate (thus original but irrel-
evant) ideas. Therefore, originality and usefulness are further specified based
on an extensive review of practical cases and research projects by MacCrim-
mon et al. (1994). They define the originality of an idea by novelty and non-
obviousness, and usefulness by workability, relevance, and thoroughness. An ar-
tifact is novel if it has not been expressed before, and it is non-obvious if it can
surprise people knowledgeable in the field. It is workable if it does not violate
known constraints, it is relevant if it meets the goals set by the problem solver and
it is thorough if it is worked out in detail.

Thus the creative value of an artifact is defined by how it is judged on:

• novelty

• non-obviousness

• workability

• relevance

• thoroughness

5.2.2 The Consensual Assessment Technique

The Consensual Assessment Technique (CAT) is a subjective measurement based
on the concept that "a product or response is creative to the extent that appro-
priate observers independently agree it is creative" (Amabile, 1982). The CAT
has proven to be an appropriate and reliable method for assessing creativity
in visual arts (e.g., creating collages, telling stories to go with pictures), mu-
sic (e.g., musical compositions), writings (e.g., writing poems and stories), and
design (Christiaans, 2002), with both children and adults as subjects (Baer et
al., 2004).

The CAT rests on two essential assumptions. The first assumption is that an
appropriate group of judges can provide reliable judgments of product creativity.
Furthermore, people familiar with such products can agree with one another on
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this perception. A second assumption is that there are degrees of creativity such
that observers can, at an acceptable level of agreement, differentiate between
products for their creative value (Amabile, 1982).

Five requirements need to be satisfied to apply the CAT properly. First, the
judges should all have had some experience (and roughly equivalent experi-
ence) with the domain in question. It is important to note that the judges’
familiarity with the domain is essential, not the fact that they, themselves, may
have produced work rated as highly creative. A second requirement is that the
judges must make their assessments independently. Third, judges should be
instructed to rate the products relative to one another. The relation between
the products is important because, for most studies, the levels of creativity pro-
duced by the ’ordinary’ subjects who participate will be shallow compared to the
greatest works ever produced in that domain. Fourth, each judge should view
the products in a different random order. If the raters make all judgments in
the same order, high levels of agreement might reflect methodological artifacts.
Finally, if this technique is used to evaluate performance on a task to which it
has not been applied in the past, judges should be asked to rate the products on
other dimensions in addition to creativity. In this study, we also asked judges
to rate the products on novelty, non-obviousness, workability, relevance, and
thoroughness (Amabile, 1982; Gerrard et al., 1996; Qu et al., 2005).

Compared to the CPSS, the CAT is similarly time-consuming. Selecting an
appropriate task, an appropriate group of judges, and assessing the creative
value of the products, are time-consuming processes. A disadvantage of the CAT
compared to the CPSS is that the CAT is probably not appropriate for identifying
slight or specific differences in creative value (Amabile, 1982).

5.2.3 The Creative Product Semantic Scale (CPSS)

The CPSS (O’Quin et al., 2006) is an evaluation instrument based on the theor-
etical construct of product creativity, construed in the Creative Product Analysis
Matrix (CPAM) (Besemer, 1998; Besemer et al., 1999). The CPAM is a model
of the creative value of a product. This model defines product creativity along
three dimensions: novelty, resolution, and style. Each dimension consists of
subscales (11 subscales in total), and each subscale consists of a set of bipolar
adjective pairs. The CPAM is a creativity analysis matrix, and CPSS is its coun-
terpart as a rating scale (O’Quin et al., 1989; O’Quin et al., 2011). Both instru-
ments are validated; each adjective pair can significantly differentiate between
the creative values of different products.
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The CPSS improves raters’ judgment. The underlying idea is that the CPSS
contains all aspects that compose product creativity. If a rater uses the CPSS to
judge product creativity, (s)he will have used all aspects to make his judgment
of the product (O’Quin et al., 2006). This measurement technique intends to
be useable by non-expert judges. Since 1986, the CPSS has been continuously
refined and improved through empirical studies (O’Quin et al., 2006).

The CPSS’ first dimension is novelty. Novelty considers newness in materials,
processes, concepts, and methods of making the product (Besemer et al., 1999;
White et al., 2002). The novelty dimension consists of three subscales: (1)
originality, (2) surprise, and (3) projected germinal qualities (characteristics
related to perceived influence in suggested spin-offs or other new products).

The second dimension is resolution, which refers to how well the product
works or functions (Besemer et al., 1999). A product that functions well, that
people can understand how to use, that is logical and has usefulness and value,
prevents a bizarre or unrealistic product from being creative. The product must
be workable and novel (Besemer et al., 1999; O’Quin et al., 2006). The sub-
scales associated with the resolution dimension include valuable, logical, un-
derstandable, and useful (Besemer et al., 1999; White et al., 2002).

The third is style. This dimension describes how the product presents itself
to the customer; the product’s presentation style (O’Quin et al., 2006). This
dimension contains five subscales, including organic, elegant, and ‘being well
crafted’ (Besemer et al., 1999; White et al., 2002).

The CPSS is a robust tool validated in multiple studies and multiple coun-
tries. A disadvantage of the CPSS is that the measurement is rather long for
repeated administration. The strength of the CPSS is its adaptability. As creativ-
ity is a constantly evolving construct (Hofstee, 1985), a strict set of constructs
is impossible. Therefore the CPSS allows researchers to select various subscales
based on the investigated theoretical construct (Michael, 2000). For our study,
we will select the subscales based on the definitions of novelty, non-obviousness,
workability, relevance, and thoroughness from the previous paragraph.

5.2.4 Applying the CAT and the CPSS

Although the CAT and the CPSS differ on the various aspects (e.g., holistic vs.
constructivist), they both are validated and appropriate measures to compare
the creative value of children’s design solutions. The CAT seems to be more
robust on ecological validity (the look, feel, and procedure of general creativity
assessment), the CPSS seems to be firmer on external validity (being able to
generalize the results beyond the study-setting). In the study in this chapter,
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we will use the CAT to measure product creativity of children’s design solutions
for a comparison between the effectiveness of NGT and prototyping. CPSS is
then used to gain in-depth insight into the differentiating factors for product
creativity between NGT and prototyping. When using the MIDMACC framework
to select a design method, a designer will learn about methods for the number
of design solutions it can generate and learn more about the qualitative aspects
of design solutions it can generate. For example, whether design solutions are
more likely to be novel, surprising, and useful. In the next section, we will
describe how we prepared the data and applied CAT and CPSS to the design
solutions generated with children.

5.3 Creativity research using CAT and CPSS

In this program-experiment, we aim to find answers for research question RQ3:
Do measures for creativity apply to children’s contributions to real-world design
problems? Furthermore, can we define the expected creativity of contributions
by children to guide professional designers in their selection process for a design
method? To clarify the second part of the question: are design solutions gener-
ated with prototyping rated as more creative than those generated with NGT?
The idea is that for prototyping, children can use a wider variety of intelligences
(linguistic, interpersonal, spatial-visual, and bodily-kinesthetic) and thus can
generate ideas that origin from innovative combinations of problem-solving. In
contrast, in NGT, which requires one intelligence (linguistic), children can only
use linguistic problem-solving. For this study, we used the dataset from the
study reported in chapter 2.

The method for this study is inspired by Christiaans (2002). Christiaans
used the CAT to compare creativity evaluations of different groups of judges. He
used the CPSS to elaborate on CAT ratings and identify discriminating factors
between the groups of judges. This study will mostly follow his setup, except
that we focus on product creativity. Therefore in this setup, adjustments are
made to compare product creativity generated by different methods assessed
by one group of judges and the CPSS is used to identify discriminating factors
between the methods.

Figure 5.1 explains schematically the process of this study which we describe
in more detail below.

First, we will describe the group of judges who participated in this study,
then how we prepared the design solutions for the judges, and finally, how we
applied CAT and CPSS.
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5.3.1 Participants: master students in Industrial Design as
judges of creativity

According to Amabile (1982), judging creativity requires appropriate observers.
A judge is appropriate if he/she is familiar with the domain of the product. The
level of expertise of the judges does not influence ratings; it is sufficient if they
have a moderate level of exposure to the domain. Christiaans (2002) supports
this idea; his study showed that senior male students in Industrial Design En-
gineering from the same year with high design grades were more reliable judges
than teachers in Industrial Design Engineering.

We recruited the judges for this study among master students in Industrial
Design (ID) at two technical universities, Eindhoven University of Technology
(TUE) and Delft University of Technology (TUD). Both first and second-year
masters were allowed. We assume that their educational background (bachelor
in industrial design) provided the necessary experience to develop implicit cri-
teria to assess the creative value of design solutions. They were admitted to the
study if they had some experience in projects dealing with children and design.

Fifteen master students in industrial design participated as an expert from
the two universities, thirteen design students from the Eindhoven University of
Technology (TUE), and two design students from the Delft University of Tech-
nology (TUD). Five participants were female, and the others were men.

All the participants who participated in the CAT were kindly invited to par-
ticipate in the CPSS evaluation. Unfortunately, two participants dropped out:
thirteen participants joined the CPSS evaluation. The evaluations took place
with each participant in a meeting room. The setup was maintained at both
universities. After each evaluation, participants were compensated for their
time and effort with a nominal fee.

5.3.2 Dataset: Design solutions generated by 9-10-year-old
children

In chapter 2 we conducted 13 focus group sessions with 67 nine-to-ten-year-
old children in a within-subject design. The evaluation of the resulting design
solutions for creativity was conducted in 2007; it is only now (2021) that we
publish the results from this dataset. The judges evaluated the design solutions
with the same mindset as the children, defined by the state-of-the-art, culture
and time of that period. The dataset in chapter 2 was analyzed for quantity.
To evaluate creativity using CAT and CPSS, we need to prepare the dataset
for a panel of judges. We needed to obscure from the judges which method



136 Measuring Creativity

generated the design solutions. Therefore we presented the judges with the
verbatim transcript-fragments explaining each design solution. In figure 5.2
there is an example of the transcripts presented.

4: but there is a teaching camera in it

E: a teachingcamera, oh tell me about it

4: yeah and then there is a book and then yeah there is the

er explanation, the explanation camera in it...

4: ...and then...

4: ...he gets an explanation and then he knows what to do

4: and then he can also lie in bed, and when you are tired

you can sleep and then yeah yes when you wake up then

work again...

5: ...if there is such a book, such a camera, then the teacher

can see you too

4: no, there is yeah a man or a woman is in there

5: it is an entirely built-in woman [laughs]

4: [laughs] ok a robot, like a computer explaining something,

and then he explains it to you too

2: yes, ok with video, or just on speakers?

4: then he talks

Figure 5.2: Example of a partial explanation for the judges. E stands for Experimenter,
and 2, 4, and 5 indicate a child talking.

A summary of the procedure with which the dataset was created: We provided
each group of children the design problem: How to best involve in two school
activities from a remote location: attending class and working together. Each
focus group session consisted of two timeslots in which they worked individu-
ally. In those timeslots, each child had to describe (using NGT, a form of brain-
storming) or create (prototyping) their design solution individually. After each
timeslot for individual work, the children explained their solution to the group.
All individual explanations were transcribed, resulting in 134 explanations of
design solutions, 67 generated through NGT and 67 through prototyping. Fig-
ure 5.3 shows four examples of children’s design solutions.

We need to prepare the data for this study. We reduced the dataset to avoid
problems with understanding and rating the design solutions, such as inter-
referenced design solutions from the two consecutive group discussions and
differences in group size.
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Figure 5.3: Four examples of design solutions generated with children. Starting top left,
clockwise: (1) remote control unit to control a digital twin at school, both
hands go in the box (2) a camera and TV-set to record a child at home and
display the child at school, (3) a broadcasting device for communication and
(4) a face-rig to control a hologram at school that allows participating in
physical games during the break.
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Interreferencing took place in some group discussions in the second half of
the session when children referred to ideas from the first group discussion. For
example: ‘it is again a robot, and now it has a camera for each child.’ The child
focuses on the differences between the robot from the first explanation and the
robot from the second explanation. Avoiding redundancy is perfectly fine within
the realm of the discourse, but assessing such explanations without the context
of the first discussion is difficult, if not impossible. In the previous analysis, this
was not a problem since we analyzed both timeslots for discussion at once, and
references made could be retraced, either in the transcription and, if necessary,
we could review the explanation with the video recording. External references
become unintelligible outside the context of the discussion, for example, when
we present them to the judges.

Therefore, we selected for the current study only the explanations generated
in the first group discussion of each session we ran for chapter 2. Using only the
first group discussions creates a possible confound for group-size effects. We did
not have that problem in chapter 2 because that study was set up with a within-
subject design. In most focus group sessions, exactly five children participated
in the session. Two focus group sessions had six participants. The two sessions
with six participants were conveniently from one block in the block design of
the study in chapter 2. Therefore we disregarded that entire block of sessions
altogether, which leaves the data of eight sessions for the study in this chapter.

This selection process resulted in the forty design solutions generated with
NGT and prototyping. Hence we have twenty design solutions generated with
the NGT-method and 20 explanations generated with the prototyping method.
The resulting data set is a balanced sample for the two conditions in the study
reported in chapter 2. Table 5.1 on page 139 provides an overview to illus-
trate the sessions we disregarded to create a set of design-solutions suitable for
review by external judges.

5.4 Method

The method is inspired by Christiaans (2002). Christiaans used the CAT to
compare creativity evaluations of different groups of judges. He used the CPSS
to elaborate on the CAT ratings to identify discriminating factors between the
groups of judges. This study will mostly follow his setup, except that we focus
on product creativity in this study.

The method consists of two evaluations distributed over a period of three
weeks.



5.4 Method 139

NGT firstPrototyping second Protyping firstNGT second
included
excluded

Session 1.1 Session 1.2

B
lock

1

Teaching 1st 5 explanations NGT/ Teaching 5 explanations Prototyping/ Teaching
Groupwork 2nd 5 explanations NGT/ Groupwork 5 explanations Prototyping/ Groupwork

Session 1.3 Session 1.4
Groupwork 1st 5 explanations NGT/ Groupwork 5 explanations Prototyping/ Groupwork
Teaching 2nd 5 explanations NGT/ Teaching 5 explanations Prototyping/ Teaching

Session 2.1 Session 2.2

B
lock

2

Teaching 1st 5 explanations NGT/ Teaching 5 explanations Prototyping/ Teaching
Groupwork 2nd 5 explanations NGT/ Groupwork 5 explanations Prototyping/ Groupwork

Session 2.3 Session 2.4
Groupwork 1st 5 explanations NGT/ Groupwork 5 explanations Prototyping/ Groupwork
Teaching 2nd 5 explanations NGT/ Teaching 5 explanations Prototyping/ Teaching

Session 3.1 Session 3.2

B
lock

3

Teaching 1st 4 explanations NGT/ Teaching 6 explanations Prototyping/ Teaching

Groupwork 2nd 4 explanations NGT/ Groupwork 6 explanations Prototyping/ Groupwork

Session 3.3 Session 3.4
Groupwork 1st 4 explanations NGT/ Groupwork 5 explanations Prototyping/ Groupwork

Teaching 2nd 4 explanations NGT/ Teaching 5 explanations Prototyping/ Teaching

Total number of
explanations

4x5=20 explanations
generated after NGT included

4x5=20 explanations
generated after Prototyping in-
cluded

Table 5.1: Schematic overview of the selection of explanations used for the study in this
chapter. We discarded every second assignment in a session and the block of
sessions in which the number of participants varied. The selection ensured
comparable, interpretable explanations.
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• Evaluation with CAT

– Empathizing activity: become engaged with the problem for which the
design solutions were created

– Evaluation using CAT: rate forty design solutions for creativity

• Analysis of creativity ratings

– identify two design solution; one rated highest and one lowest for NGT
– identify two design solution; one rated highest and one lowest for

prototyping

• Evaluation with interview and CPSS

– Interview judges to compare two pairs of a highly rated and a low
rated design solution and explain the difference

– Evaluation using CPSS: rate each of the four design solutions for cre-
ativity

5.4.1 Evaluation with CAT

To prepare the judges for the evaluation task, we needed them to become more
aware of the creative aspects of each design solution. First, we presented the
judges with a description of the design problem for attending class from home.
The judges had to sketch his/her design solution for the same problem in five
minutes. The sketching exercise helps to empathize sufficiently with the chil-
dren’s design solutions.

Following the sketching exercise, we provided training to let the judges
become acquainted with reading transcripts and rating the design solutions.
Rater-instructions provided the judges with an overview of what we expected
from them. We provided a rater form with a 7-point Likert scale for creativity
and the additional criteria. The left-side of the scale represented the negative
extreme of the criterion, and the right-side the positive extreme. The sequence
of criteria had a fixed order, the same for each design solution. Each participant
had to make the judgment right after reading each design solution. Judges had
four minutes for two exercises. The exercises were the same for each parti-
cipant.

Finally, we handed each judge a pile of forty numbered design solutions and
corresponding rater forms. Each rater form contained the name of the judge and
the number of the design solution. The judges evaluated the forty design solu-
tions in the same manner as they did during the training. The judges worked
individually on the evaluation task in the room. Judges had approximately
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ninety minutes to rate all forty design solutions. The rating form contained six
items: creativity and five explanatory criteria (based on the work by MacCrim-
mon et al. (1994)). The rating instructions for the judges defined creativity and
the explanatory criteria as the following:

• Creative – Use your own (subjective) definition of creativity.

• Novelty – An idea is most novel if nobody has expressed it before.

• Nonobviousness – An idea is nonobvious if it surprises you.

• Workability – An idea is workable if it does not violate known constraints
or if it can be readily implemented.

• Relevance – An idea is relevant if it satisfies the goals.

• Thoroughness – An idea is thorough if it is worked out in detail.

At the end of the evaluation, we kindly invited each judge to participate in
the successive evaluation a few weeks later.

5.4.2 Analysis of creativity ratings

Between the first evaluation and the second evaluation, we analyzed the ratings
for the forty design solutions. The CPSS (see below) consists of a large number
of items. To ask the judges to rate all forty items will most likely suffer from
an order effect for rating fatigue. This study aims to determine whether we
fundamentally can apply these metrics and whether we can discrminate between
the two methods. Therefore we optimize the quality and number of the design
solutions for the second evaluation for the judges.

We selected the design solutions rated highest and lowest for creativity to
discriminate between the design solutions generated by each method. By con-
fronting the judges with these extremes, it will be easier for them to explain the
rating for creativity. Also, because the number of design solutions is limited, the
ratings are less likely to be influenced by the rating fatigue of the judges.

5.4.3 Evaluation with interview and CPSS

The interviews were taken individually with each of the thirteen remaining
judges. First, we asked a judge to read one pair of design solutions – one rated
high on creativity and the other low on creativity. Then we asked them to ex-
plain why they considered one solution more creative than the other. The judge
had three minutes for reading two design solutions, followed by an interview of
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approximately fifteen minutes. This procedure was then repeated with the other
pair of design solutions. After another fifteen minutes, the moderator would
conclude the interview. The moderator would summarize the explanations to
confirm the findings with the judge. The interviews were recorded on an Olym-
pus digital voice recorder DS-2300 and afterward verbosely transcribed. We ob-
served positive and negative statements related to product creativity from the
transcripts. We labeled all statements with either creativity, novelty, surprise,
workability, relevance, or thoroughness and counted the number of statements
for each label. The labeled statements will help trace the reasons for positively
or negatively assessing a design solution.

The second task asked all the judges to assess the exact four design solutions
used in the interview using the CPSS. The rater instruction gave detailed inform-
ation on how the evaluation would take place. The judges were instructed to
read each transcript of a design solution again and consecutively evaluate it on
the CPSS subscales using 7-point Likert scales. This procedure was repeated for
all four ideas.

We adapted the CPSS for the task and domain at hand. According to O’Quin
et al. (2006), the most critical indicators of creativity in products are novelty,
resolution, and style. The degree of originality is measured in the dimension
novelty and usefulness in the dimension resolution. The design solutions were
not evaluated on style: the transcripts prohibited any exposure to a visual style.
For the dimensions novelty and resolution, only the subscales that denote nov-
elty and usefulness were used in this study. Table 5.2 presents the complete list
of the dimensions, subscales, and the bipolar adjective item pairs selected from
the CPSS for this study.

5.5 Analysis

Study setup: Within Subject Design

The study setup is a within-subject design. In the evaluation with CAT, each
judge rated forty design solutions generated with either NGT or prototyping. We
arranged the design solutions in a unique order for each judge with alternating
design solutions by the methods. Throughout the evaluation, the experimenter
stayed with the judges, checking that they kept the ratings in order and met the
time limits. The results are analyzed using a within-subject design to compare
the differences in ratings between each method for each judge. An inter-rater
reliability test is applied, using Cronbach’s alpha to learn whether this approach
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Dimension Novelty Dimension Resolution

Subscale "Original" Subscale "Surprising" Subscale "Useful"

exciting - dull startling - stale effective - ineffective
zippy - bland surprising - customary functional - non-functional
fresh - overused astonishing - commonplace feasible - unfeasible
eccentric - conventional astounding - common operable - inoperable
new - old shocking - ordinary useful - useless
novel - predictable unexpected - expected workable - unworkable
unusual - usual usable - unusable
unique - ordinary durable - flimsy
original - commonplace substantial - insubstantial

Table 5.2: Overview of the part of the CPSS used in this study. Included in the study are
the dimensions Novelty and Resolution. Novelty is composed of 15 adjective
pairs, 9 in the subscale Original and 6 in the subscale Surprising. Resolution
is composed of 9 adjective pairs in the subscale Useful.

is justified for the judges involved.
In evaluation with the interview and CPSS, the judges are offered four design

solutions for review, from each method two. To control for a possible order
effect in the ratings, we assigned each judge a combination of two design solu-
tions, either in block 1 (table 5.3 or in block 2. Additionally, we alternated
design solutions within each pair.

The distribution of judges over the different blocks in the within-subject
block design is presented in table 5.3.

Block Order Number of

1st 2nd judges

1 Bmin/Pmax Pmin/Bmax 4
Pmin/Bmax Bmin/Pmax 3

2 Bmin/Bmax Pmin/Pmax 3
Pmin/Pmax Bmin/Bmax 3

Table 5.3: Evaluation with interview and CPSS; Distribution of judges over the different
blocks of the within-subject block design.
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Likert-scale analysis

We provided the judges with Likert scales. There is ample discussion on whether
Likert scores should be considered as ordered categorical data or as continuous
interval data. Treating Likert scores as ordered categorical data prevents the
calculation of an average score for an item, making it difficult to summarize the
data. The consequences of treating ordered categorical data as continuous are
reported in, for example, (Olsson, 1979; Muthén et al., 1985; Dolan, 1994).
The general conclusion is that if there are at least five categories (this study
uses 7-point Likert scales), the bias introduced by treating categorical data as
continuous is small (Bollen et al., 1981), with seven or more categories, the bias
is minimal. We consider the Likert scales as continuous intervals in the analysis
to simplify the comparisons.

For the analysis of the ratings using CAT, we apply the repeated measures
of the general linear model. The advantage of the general linear model over
MANOVA is that it takes the distribution of the data into account rather than
approaching the data as a normalized distribution. Consequently, the general
linear model is more sensitive to differences between samples when the sample
size is small (Hill et al., 2007).

The CPSS ratings only apply to four design solutions, for which we provide a
descriptive analysis. Additionally, we performed a quantitative analysis by treat-
ing the CPSS-subscale measurement as a mass-univariate setting, treating each
item of the CPSS scale as independent items but accounting for responses that
belong to one judge. The constructs of the CPSS are already tested and validated
for measuring a substantially different aspect of creativity. Thus within the given
context of the CPSS, we treat the items as such. We applied repeated measures
within the mass-univariate setting because of the within-subject design.

Rater reliability and rater accuracy

In the evaluation one using CAT, there is a risk that we do not find a difference
in creativity between NGT and prototyping because either there could be no
difference or because there could be a low inter-rater consistency. To check
the consistency of the ratings of the design solutions, we compared the judges’
ratings using Cronbach’s alpha. Cronbach’s alpha is used when the items of
a measurement instrument measure different substantive areas within a single
construct. The single construct here is creativity, and the substantive areas are,
for example, novelty and surprise. An example of statements and subsequent
coding from the pair-wise comparison during the interview, see tabel 5.4.
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Judge Design Criterion Statement
solution pos/neg

P13 Bmin n- “this one only makes use of known

solutions”
P9 Pmax n- “they are quite similar”
P5 Pmax O “this one relates to a rich

imagination”
P6 Bmin n- “webcam-based solutions for

long-distance communication go

without saying”
P8 Pmin n- “... was clearly inspired by

existing technologies. So took

solutions from existing devices”
P5 Bmin w+ “this one appears increasingly

realistic”
P13 Pmax t+ “this one has given it's

implementation a bit more thought”

Table 5.4: Evaluation interview: Example of statements and subsequent coding from the
pair-wise comparison during the interview.
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In the evaluation with the interview and CPSS, we analyzed the interviews
for positive and negative statements, with which the judges explained why they
rated a design solution as creative. The positive and negative statements were
labeled with the five constructs we adopted from MacCrimmon et al. (1994).
Two researchers analyzed and labeled the statements. There is no commonly
accepted measure to control for a rater-effect in the labeling task. Therefore
we performed a rater-accuracy check: we asked an independent observer to
analyze four interviews and compared those results with those of the two re-
searchers that executed this study. We then performed a rater-accuracy test
with a measure borrowed from the field of automatic text categorization (Yil-
mazel et al., 2007). Rater-accuracy is based on the number of false positives
and false negatives compared to the number of true positives. Statements from
four interviews were labeled individually by two researchers. The classification
of the two researchers will be compared for accuracy using a confusion matrix.
Accuracy is reported by computing three different measures: precision, recall,
and F-measure (Yilmazel et al., 2007).

Precision (Pr) is defined by the total number of positive statements (TP)
divided by TP + the number of False Positives (FP). The higher the number of
False Positives, the lower the precision rate. Recall (Re) is defined by the number
of positive statements (TP) divided by TP + the number of False Negatives (FN).
The higher the number of False Negatives, the lower the recall rate. β defines
the weighting of Precision vs. Recall. β= 1 gives equal weight to precision and
recall. Using F-measure provides a single number to compare the performance
of different raters, see equation 5.1, 5.2 and 5.3.

Preci si on = T P

T P +F P
(5.1)

Recal l = T P

T P +F N
(5.2)

F −measur e = (β2 +1)Pr Re

β2Pr +Re
β= 1 F1 = 2Pr Re

Pr +Re
(5.3)

The procedure is that all statements of four interviews are coded individu-
ally. Then the researchers compare the results and discuss the differences. When
the researchers compare the results and discuss the differences, the labels TP,
TN, FP, and FN are assigned as follows:
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• both researchers scored an utterance for one criterion identically = True
Positive

• both researchers both discard an utterance = True Negative
• researchers have different judgments, evaluated as a judgment: False Pos-

itive for the changed criterion
• one researcher considers an utterance a judgment, one does not:

– evaluated as a judgment: False Negative for the criterion agreed upon
– evaluated as to be discarded: False Positive for the criterion scored.

The result is a list of observations that contains true and false positives and
true and false negatives. Following the scoring instructions above results in a
confusion matrix (see table 5.5).

Scored Criterion

Criterion Not Criterion

Agreed Criterion TP FN
Not Criterion FP TN

Table 5.5: Confusion Matrix; Overview of the possible outcomes in rater accuracy after
reaching agreement on the observed statements for each criterion, being a
True Positive (TP), a True Negative (TN) and a False Positive (FP) or a False
Negative (FN).

Assuming that the researchers are experts in the domain, the expected rater
accuracy should be above chance-level. In a random assignment, there is a
chance of 1 in 36 to reach an agreement (Both researchers assign independently
one out of six criteria, the chance they assign the same criterion is (1/6∗1/6 ≈
0,027778)). In the ideal situation F-measure= 1, there is no confusion at all. For
this study, we aim at F-measure> 0.50, accepting a rater accuracy of at least 50%.
If the rater accuracy falls below 50%, we will have to change the observation
protocol.

5.6 Results

5.6.1 Results from the evaluation using CAT

The objectives of the evaluation using CAT were to gather quantitative data on
how judges assessed children’s design solutions generated through NGT and
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prototyping on creativity and to test our hypothesis. Judges rated children’s
design solutions generated in NGT sessions and prototyping sessions on creativ-
ity using their subjective definitions of creativity, and five explanatory criteria
originated from the literature research.

Inter-rater reliability

The inter-rater reliability between judges for rating the forty concepts is determ-
ined by calculating Cronbach’s alpha for each criterion. Usually, Cronbach’s al-
pha is used to measure whether all questions test the same thing. In this case,
we wanted to check whether all the design solutions were assessed on the same
criterion, which would show if the raters would have a similar understanding
of the criterion. Cronbach’s alpha ranges between 0 and 1 where generally a
result between 0.7 - 9.5 is considered acceptable - strong consistency (Nunnally
et al., 1994). If Cronbach’s alpha falls between 0.7 and 0.6, the consistency is
questionable, and below 0.5 consistency is considered poor. Cronbach’s alpha
above 0.95 means that consistency is so strong that the criterion is redundant;
the answer is probably obvious. The consistency in rating a design solution gen-
erated through NGT or prototyping by all fifteen judges was calculated for each
criterion (table 5.6). The consistency in rating the design solutions is at least
acceptable (with α ∈ [0.7;0.95], the numbers rounded to one decimal).

Criterion Cronbach’s α

NGT Prototyping

Creativity 0.9 0.9
Novelty 0.7 0.8
Surprising 0.7 0.7
Workability 0.8 0.7
Relevance 0.7 0.7
Thoroughness 0.8 0.8

Table 5.6: Six inter-rater consistency tests (Cronbach’s α) for fifteen judges rating 20
design solutions for NGT and 20 for prototyping. 0.7 ≤ α ≤ 0.9 indicates an
acceptable -strong consistency. Each result falls in that range, thus indicating
that the judges are sufficiently consistent in rating the design solutions.
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Within-subject comparison

For each criterion, we compared the ratings for 20 design solutions generated
through NGT and 20 design solutions for prototyping using repeated measures
of the General Linear Model with a significance level of α = 0.05. Figure 5.4
shows the average and the p ≤ 0.05 confidence intervals for the ratings of the
children’s design solutions on a Likert Scale. that the product creativity of
design solutions generated by NGT is rated higher than the product creativ-
ity of design solutions generated through NGT. The ratings for the explanatory
criteria show that design solutions generated through NGT are considered more
novel and more surprising, while those for prototyping are considered more
workable and relevant. The within-subject contrasts (table 5.7) show that ex-
cept for thoroughness, the differences in Figure 5.4 are significant for p ≤ 0.05.

Figure 5.4: Average scores including the confidence intervals (p = 0.5) for expert’s rat-
ings of children’s design solutions on a 7-point Likert scale (the Likert-scales
are considered to be a continuous interval). The left (negative) side of the
zero-point on the x-axis negates the criterion increasingly, the right (positive)
side confirms the criterion increasingly. To display a representative confid-
ence interval for a within-subject contrast, the confidence interval is divided
by

p
2 (Loftus et al., 1994).
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Criterion Mean F-value Significance level

NGT direction Prototyping p≤ 0.05

Creativity 1.375 > 0.893 23.098 0.000

Novelty 0.860 > 0.282 20.414 0.000

Surprising 1.183 > 0.495 45.314 0.000

Workability 0.813 < 1.121 7.000 0.019

Relevance 1.190 < 1.593 30.757 0.000
Thoroughness 0.060 > 0.051 0.006 0.941

Table 5.7: Evaluation using CAT; overview of the within subject contrasts for each cri-
terion. The marked criteria indicate a significant difference. The table shows
that the difference in ratings between NGT and prototyping is significant for
each criterion (with p ≤ .05), except for thoroughness.

5.6.2 Results from the evaluation with the interview and CPSS

This section presents the results from the interviews and the corresponding rater
accuracy analysis for the observing researchers, and the results from the CPSS-
ratings.

Rater Accuracy

Table 5.8 provides a condensed overview of the True Positives (TP) on the diag-
onal, False Positives (FP) above the diagonal, and False Negatives (FN) below
the diagonal. Applying equation 5.1 and 5.2 results in an F-measure for each
criterion, displayed in table 5.9. The F-measure shows an accuracy below the
threshold of 0.5 for creativity, relevance, and thoroughness, mainly explained
by a low precision. Looking into the agreements, we found that observing differ-
ences between creativity and the other criteria was too difficult. To increase pre-
cision, we devised a decision tree to maintain a more formal process in judging
the criteria. We did not measure whether the F-measure increased, assuming
that introducing a more formal process would be sufficient to increase rater-
accuracy.
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Scored

Ctvty Nov Sprise Work Relv Thor

Agreed Creativity 8 5 10 0 1 2
Novelty 1 16 4 2 0 0
Surprising 0 3 10 1 0 0
Workability 2 0 0 13 3 3
Relevance 2 1 0 2 2 0
Thoroughness 2 4 1 5 0 5

Table 5.8: Condensed confusion matrix of the two researchers coding the same four tran-
scripts. On the diagonal are the True Positives (TP). Above the diagonal are
false positives (FP) (eg. creativity judgments that were agreed to be actually
novelty judgments) and below the diagonal are false negatives (FN) (eg. dis-
carded statements that were agreed to be creativity judgments).

Criterion Precision Recall F-measure

Creativity 0.308 0.533 0.390
Novelty 0.696 0.552 0.615
Surprising 0.714 0.400 0.513
Workability 0.619 0.565 0.591
Relevance 0.286 0.333 0.308
Thoroughness 0.294 0.500 0.370

Table 5.9: Precision, Recall and F-measure; the results for rater accuracy for two raters,
rating four interviews individually.
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Interviews indicate Bmax more creative and novel, Pmax more surprising,
Pmin and Bmin most relevant

Judges expressed more positive statements about Bmax and more negative
about Pmax. The main arguments for the creative value of Bmax and Pmax
were “originality” and “out-of-the-box thinking”. Statements made about Bmax
indicate that Bmax offered a starting point for further idea generation. Not all
qualities of Bmax were considered creative; judges indicated that one of the
functionalities mentioned was an instant messaging service, which was a sim-
ilar design solution as Pmin. Altogether the general impression is that Bmax is
considered more creative than Pmax and that Bmax and Pmax are confirmed to
be more creative than Bmin and Pmin.

For the criterion novelty, more positive statements were conveyed for Bmax
and more negative statements for Pmax. Bmax was mainly described as the
most original design solution compared to Pmax, Bmin, and Pmin. Pmax was
more novel than Bmax by some; others considered Pmax straightforward and
standard. Pmin and Bmin received only negative statements about novelty;
both solutions were considered obvious, employing existing technologies. Pmin
and Bmin were regarded as solutions composed of initial associations, “the first
thing that comes to mind”; resulting in obvious solutions. Based on these ob-
servations, the general impression is that Bmax is considered more novel than
the other design solutions.

Most statements about surprising were classified for Pmax. The most com-
mon term used by judges to express surprise for Pmax and Bmax was fantasy.
Both solutions were considered very imaginative and solutions that people, in-
cluding the judges, would not think of so readily. Moreover, Pmax’s direction or
pattern was considered to be unexpected. The only statement noted for Bmin
was that everyone could imagine this solution. In general, by using existing
technologies, children were limiting themselves in their fantasies, leading to
design outcomes that were not considered surprising. One of the judges stated
that if children do not restrict themselves by using existing technologies but in-
stead being very imaginative, they could filter more requirements for an idea.
Thus the conclusion is that Pmax and Bmax are more surprising than Bmin and
Pmin, and considering fantasy as a characteristic representing surprise, Pmax is
more surprising than Bmax.

For the criterion relevance, Bmin and Pmin were considered good, easy, and
straightforward solutions. Pmax was believed to be a solution for the problem
but not very thorough in solving the problem. The judges noted that for the
value of design solutions from the children, the design outcome should maintain
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relevance (not only fantasy (regarding Bmax and Pmax)), i.e., it should always
answer the design brief (design problem), the current solutions Bmax and Pmax
were considered too far off to have a purpose in the original problem domain.

As expected, more positive statements were made for Pmin and Bmin about
workability, while Pmax and Bmax contained more negative statements, Bmax
held the most negative statements. Bmin and Pmin were considered more real-
istic and practical solutions; Pmax and Bmax were considered unworkable, un-
practical, and impossible. Bmax was considered unrealistic and illogical; just
“an absurd idea”. Thus, Pmax and Bmax were considered less workable than
Pmin and Bmin and Bmax less workable than Pmax. Concerning the creative
value of workability: feasibility was not considered critical in the early phase of
the design process, instead considered a limitation in the creative process.

More statements had been expressed on thoroughness for Pmax than Bmax,
positively and negatively. Judges believed that Pmax was still evolving. Not
everything had been worked out in detail, but the concept of Pmax put more
effort into certain aspects and made an effort in thinking of future possibilities.
Bmax, on the other hand, was considered more detailed, but the description
did not provide details on how the product would work. For the two least cre-
ative design solutions, Pmin received more positive statements than Bmin and
Bmax. Pmin described what was needed for the communication (the technology
was described) and how it worked, which some judges found too concise. In
contrast, Bmin was not considered thorough as little had been explained about
the design solution, and some aspects of the design problem had not been con-
sidered. Thus the statements do not provide an outspoken difference between
the prototyped solutions and the solutions generated through NGT, although
the most creative ideas seem detailed but not per sé thorough. In general,
judges explained that thoroughness is not that important in the idea-generation
stage. Design solutions that are not thorough or where the technology is not
explained in detail might be among the most creative solutions, as they evoke
new creativity or new creativity is necessary to realize the idea.

Visual inspection of Min-Max creativity in CPSS ratings in line with inter-
views

To verify the subjective statements from the interviews with the judges with a
more objective approach, we repeated the comparison between the least creat-
ive and the most creative solutions using a visual inspection of the ratings from
the CPSS.

The average score range of all bipolar item pairs on originality (9 item pairs),
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surprising (6 item pairs), and usefulness (9 item pairs) between the high and
low creative design solutions for prototyping and NGT are shown in figure 5.5.
The figure provides the mean and the range between the highest and lowest av-
erage for each subscale. Figure 5.5 shows that Bmax and Pmax are considered
more original and surprising than Bmin and Pmin. Conversely, Pmin and Bmin
are considered more useful than Bmax and Pmax. Although Bmax is considered
more original, the range between the most and least original NGT design solu-
tions was larger than the most and least original prototyping solutions. In other
words, from the visual inspection, the ratings on design solutions generated
through NGT seem less conclusive - compared to design solutions generated
through prototyping. Also, the aggregated ratings on the subscales surprising
and useful, are less conclusive.

The descriptive statistics from the aggregated ratings on the subscales ori-
ginality, surprise, and usefulness are in line with the qualitative data: the ratings
for the most creative design solutions (Bmax and Pmax) are positive for the ori-
ginal, surprising and useful (relevant and thorough). The difference between
the most (Bmax and Pmax) and least (Bmin and Pmin) creative solutions is
more evident for original and surprise than what we have learned from the in-
terviews. The discussion around usefulness is reflected in the overlap for ratings
for Pmax and Bmin and Pmin.

CPSS ratings show Bmax more exciting, new, original, and astonishing,
Pmax more functional and useful

The two design solutions considered to be the most creative have been evalu-
ated on the dimensions novelty and resolution of the CPSS to examine which
subscale discriminates best between the high creative solutions of prototyping
and NGT. Each item pair was analyzed using repeated measures according to
the General Linear Model. Figure 5.6 shows the outcomes.

In this dataset, the difference between the most creative design solutions
generated through NGT and prototyping is characterized by six factors: the
design solution generated through NGT is rated significantly more exciting, new,
original, and astonishing, and the design solution generated through prototyp-
ing is significantly more functional and useful. Table 5.10 shows in detail the F-
and p-values for the significant differences in Figure 5.6.
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Figure 5.5: The average range of scores for the subscales original (9 item pairs), surprise
(6 item pairs), and useful (9 item pairs) for the most (Bmax and Pmax)
and least (Bmin and Pmin) creative design solutions generated through NGT
(Bmax and Bmin) and prototyping (Pmax and Pmin). The left side represent
the negative side of the sub-scale, the right side represents the positive side
of the sub-scale.



156 Measuring Creativity

conventional - eccentric

dull-exciting

overused-fresh

old-new

predictable-novel

commonplace-original

ordinary-unique

usual-unusual

bland-zippy

commonplace-astonishing

common-astounding

ordinary-shocking

stale-startling

customary-surprising

expected-unexpected

�imsy-durable

ine�ective-e�ective

unfeasible-feasible

non-functional-functional

inoperable-operable

insubstantial-substantial

unusable-usable

useless-useful

unworkable-workable

Brainstorming
Prototyping

-3 -2 -1 0 1 2 3

O
RI

G
IN

A
L

SU
RP

RI
SE

U
SE

FU
L

Figure 5.6: Bar chart showing the means of the Likert-scale scores for each CPSS sub-
scale used. The left side represent the negative side of the sub-scale, the right
side represents the positive side of the sub-scale. The sub-scales are grouped
by the subcales Original, Surprise and Useful. The error-bars show the 95%
confidence intervals, divided by

p
2 as proposed in Loftus et al. (1994). The

marked item-pairs indicate a significant difference in de ratings between NGT
and protoyping for that item-pair. See table 5.10 for the p-values for the
difference between NGT and prototyping for each marked item-pair.
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CPSS item F-value p-value

ORIGINAL

dull-exciting 6.452 .026
old-new 6.353 .027

commonplace-original 6.353 .027

SURPRISE

commonplace-astonishing 6.452 .026

USEFUL

non-functional-functional 5.851 .032
useless-useful 5.149 .043

Table 5.10: Overview of items for which there is a significant difference between the
means (p < .05, reporting the p − value and the F − value) for the most
creative design solution generated through NGT and prototyping. The CPSS
items are grouped by the subcales original, surprise and useful. In Figure 5.6
the means and 95% confidence intervals of all the scored items are displayed
for visual inspection of the means.

5.7 Discussion

This chapter aims to make three contributions: (1) learning how well CPSS
and CAT can be applied to children’s design solutions, (2) to help designers
make a choice based on a) what methods suits the children best and b) the
creative value of their output and (3) to validate MIDMACC framework. Before
discussing the contributions, we first discuss the process.

5.7.1 The process of measuring creativity

Applying both the CAT and the CPSS is an intense process for designers. Judges
indicated that the number of design solutions in phase one (forty) and the num-
ber of evaluations in phase two (4 evaluations in an interview and 4x24=120
ratings using CPSS) is intense to work through; it took them more than two
hours of concentration on a highly repetitive task. Thus, as a program-experiment,
this study was helpful to gain the insights we did. More recent work (Read et
al., 2016) defines reduction of cognitive load as one of the five core principles for
making ideas into designs. To use creativity measurements as a part of design
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practice with children, we can suffice with an evaluation using CAT, which re-
duces the process by more than half.

Our sample of judges is small if the goal is to measure significant differences.
The prime goal to research the feasibility of applying the metrics to children’s
design solutions. The quantitative analysis did not show any significant differ-
ences. Unfortunately, the sample size is too small to perform additional analyses
for confounding factors, such as an interaction effect for order. Nonetheless, we
conclude that the measurements can be applied to children’s design solutions.
Therefore, it is recommended for future design method comparisons to involve
more judges to perform such additional analyses. Still, we can report significant
differences in some aspects, which suggests that the chances are likely that there
is a difference in the creative quality of NGT and prototyping. Future work on
the creativity of design solutions is required to research the differences further.

Judges commented that they felt they missed relevant information for some
design solutions. For example, for descriptions of artifacts, when children poin-
ted at objects or referred to options that did not require further explanation.
The missing information hindered the judges somewhat in forming their opin-
ion. Alternatively, comparing colorful artifacts with written anecdotes would
have led to other possible biases for our research. Therefore, we believe that
the transcripts are still an adequate medium to compare design solutions from
different methods. Nevertheless, it is a topic that requires attention in future
studies.

Examining the interviews for statements in the evaluation with the inter-
view on aspects for creativity could be improved by an explicit protocol. In the
study by Christiaans (2002), there is no mention of a protocol for analyzing the
interviews; hence we did not develop one either. The F-measure for rater accur-
acy (table 5.9) was relatively low, decreasing the repeatability of our study. A
structured protocol for observing the interviews in future studies is desirable.

5.7.2 Applying CAT and CPSS to children’s design solutions

Overall, the results from the evaluation with CPSS are consistent with the find-
ings from the evaluation with CAT: Design solutions generated through NGT
seem more creative than design solutions generated through prototyping. There
are some interesting differences in the details.
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Different results for surprise through CAT and CPSS

Interestingly, the interviews from the second phase resulted in the impression
that Pmax (measured as one of the most creative design solutions) adds more
to the surprise aspect of creativity than Bmax, whereas the CPSS results show
that the opposite is true, consistently for each item-pair. Judges explained that
Pmax is somewhat controversial. Despite being measured as most creative,
some judges considered Pmax similar to Bmin and Pmin. Some judges prob-
ably focused more on the novel and surprising aspects, whereas others focused
more on the workable and relevant aspects. Novel and surprising aspects con-
tribute to the perceived creative value, whereas workable and relevant aspects
do not, and a design solution generated through prototyping has both qualities.
Maybe, the interview allowed room for a subjective bias leading to a different
conclusion than a rating using the CPSS.

5.7.3 Using the framework to choose a design method

For this program-experiment, we wanted to learn whether we could use the
metrics for creativity to differentiate between methods. The ratings from both
the evaluation with CAT and CPSS indicate what kind of creative qualities we
can expect from each method. Naturally, this impression would need further
verification with an empirical study for just this purpose. In chapter 2 we hy-
pothesized that prototyping would result in design solutions that would be con-
sidered more creative than design solutions generated with NGT. The judges
in this study qualify in every round the design solutions generated with NGT
higher for creativity than the design solutions generated with prototyping. One
explanation for that might be that the judges considered appropriateness (work-
ability and thoroughness) less important for the creative value of a design solu-
tion in the idea generation stage. Runco et al. (1993) find that an original idea
does not need to be appropriate to be perceived as creative, and an original
idea is not valued less by being appropriate. However, with unoriginal ideas,
appropriateness may discourage the assessment of creativity.

Another explanation for the unexpected result is that the judges stressed the
importance of generating extreme solutions in the early design stages. Judges
stated in the interview that usefulness or feasibility was not a requirement in the
idea generation stage. The results of the evaluation using CAT show that NGT
design solutions are more novel and surprising (subscale: originality), while
prototyping design solutions are considered more workable and relevant (sub-
scale: appropriateness). These contrasts in factors between the design methods
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can be explained using Osborn (1963) description of the creative process that
involves two stages: idea generation and idea evaluation. Idea generation can
be further divided into two sub-stages: (i) fact-finding – problem definition and
preparation – and (ii) idea-finding – producing novel ideas through the com-
bination of old and existing ideas. These novel ideas are assessed for their
‘appropriateness’ during the idea evaluation stage. Thus, the creative value of
a design solution is determined by its intrinsic creative aspects and the context
of the stage of the design process. It is possible that in an idea evaluation stage,
the design solutions generated through prototyping are rated as more creative
because then usefulness is more important.

The added value of the CPSS-ratings for comparing design methods seems
marginal, as it does not add much information to the conclusion of the first
phase. A conclusion on the level of the subscales (original, surprise, and useful)
is sufficiently discriminating to decide for either NGT or prototyping. The CPSS
subscales correspond strongly with the five explanatory factors we introduced
for the CAT: novelty, surprise, relevance, workability, and thoroughness. The
difference for only six subscales (out of 24 subscales) is statistically significant.
Visual inspection of the 95% confidence intervals (Figure 5.6) shows that the
NGT solution is structurally rated higher for the subscales original and surprise,
and prototyping mostly rated higher for the subscale useful. That is a conclusion
we could also draw from the evaluation using CAT.

On the level of the design solutions, the application of the CPSS is adequate.
From the interviews, we found that Pmax was considered more surprising.
However, the CPSS ratings do not support this finding; the average rating for
each item-pair for surprise is higher for Bmax than for Pmax. Also, the CPSS
item-pairs discriminate on specific factors between design solutions. This in-
formation could help choose a particular design solution for the (dis)continuation
of a design solution in the design process.

Interestingly "thoroughness" is not an aspect of design solutions generated
by either method. It might have to do with the fact that children generated
the design solutions. Children at this age have not (yet) built the expertise to
be thorough enough to describe a (technical) solution in thorough detail. The
other explanation is that it was not a demand of the exploratory design phase
to be thorough. Thus the children did not consider thoroughness. Researching
a comparison between these methods at a later phase in a design cycle where
thoroughness is a more critical aspect could differentiate between the expertise
of the children and the qualities of the methods.
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5.7.4 Validation MIDMACC framework

In this study, the average creativity of ideas generated through prototyping was
expected to be higher rated than the average creativity generated through NGT.
The results in this study indicate that design solutions from prototyping are not
judged more creative than design solutions from NGT. Most scores for (aspects
of) creativity were significantly higher for the design solutions generated in the
NGT session. A probable explanation is that multiple intelligences invoke a
natural triangulation process.

Prototyping involves four intelligences: “linguistic”, “interpersonal”, “spatial-
visual” and “bodily-kinaesthetic”. Solving the design problem, children ap-
proach the problem from different perspectives, inspired by each intelligence.
In doing so, the design spaces created by each intelligence add up to become
one big design space in which the children can find a solution. If triangula-
tion is not taken into account, children will generate solutions from the entire
design space. In the first studies, we measured the number of design solu-
tions (options and criteria), and we found that prototyping indeed results in
more design solutions than NGT (Sluis-Thiescheffer et al., 2011). Thus we
assumed that the expansion of the design space was explaining finding more
design solutions. Having a larger design space available would then also in-
crease the chance of finding more creative design solutions, or so we assumed.
Figure 5.7a schematically illustrates a design space expansion invoked by the
involvement of multiple intelligences.

The results from the current study, however, contradict that assumption. If
triangulation occurs, the design space focuses on design solutions that comply
with each intelligence. Hence, in the prototyping session, children will have to
solve more conflicting constraints than when using just one or two intelligences
to explore the design space. Thus, triangulation increases the workability and
usefulness of creative design solutions at the cost of novelty and surprise. Fig-
ure 5.7b illustrates the focus of the design space on the intersection of the do-
mains of multiple intelligences (as a result of triangulation).

In previous work (Sluis-Thiescheffer et al., 2011) we have shown that the
involvement of more intelligences results in more design solutions, assuming
that we have expanded the design space. Now we must consider the possibility
that children are more likely to create more ideas when they work in a more
focused design space, defined by the domains of multiple intelligences. The
opposite, lack of triangulation, would also explain why Bmax was considered
bizarre and useless. It is a design solution from a single domain defined by a
single intelligence. Without the constraints of the domains of other intelligences



162 Measuring Creativity

(a) Multiple intelligences result in expansion
of the design space

(b) Multiple intelligences result in triangula-
tion of the design space

Figure 5.7: Two views on how design methods based on the number of intelligences in-
volved (prototyping four; NGT one) affect the design space. Figure a shows
the initial assumption (in Sluis-Thiescheffer et al. (2009): each circle rep-
resents an intelligence, every other circle expands the design space. Figure
b illustrates the explanation that more intelligences focus the design space
through triangulation: the area where the design solutions comply with in-
volved intelligences.

and possibly violating those, it is more likely to fall into the category "bizarre."

5.8 Conclusion

This chapter’s program-experiment comprises a study into the design methods
NGT and prototyping for the creativity of the design solutions generated. The
experiment’s outcomes characterize the design solutions generated with eight-
to-ten-year old children. The comparison results help designers make a sup-
ported choice for either brainstorming or prototyping(RQ1). The creativity of
a design solution generated with NGT is most likely to be more novel and sur-
prising and could be astonishing, exciting, new, and original. The creativity of a
design solution generated with prototyping is most likely to be more workable
and relevant and specifically more functional and useful.
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The study shows that both CAT and CPSS are appropriate measures to ap-
ply to children’s design solutions (RQ3). Using transcripts to compare design
solutions from two different methods is semi-ideal. The absence of contex-
tual information is an effective way to obscure the originating method from the
judges, but sometimes too much information was missing to get a clear idea
of the design solutions. Subsequent research into comparing methods, apply-
ing CAT is probably sufficient to discriminate between design methods, whereas
CPSS is more powerful to discriminate between design solutions.

Finally, this program-experiment extends the research on validating the MID-
MACC framework (RQ2). The findings in this experiment suggest that meth-
ods with more intelligences invoke a process of triangulation, thus focusing the
design space on the area where all intelligences apply. Finding more design
solutions using prototyping is not a sign of an expanded design space but rather
a sign of a more confined design space where creative solutions are relevant
and workable.





Chapter 6

Conclusion: framework can
enhance a design process

Abstract

The research in this thesis contributes to answering the question “How to sup-
port professional designers in engaging in design methods with children to max-
imize the available design space with the most creative contributions”. This
chapter summarizes each previous chapter and its contributions: (1) the MID-
MACC framework for deciding on design methods that match children’s skills at
different ages with design methods, and (2) insights into measures for creativity
be applied to children’s contributions to real-world design problems. Other in-
sights from applying the four design methods in our studies include protocol re-
commendations and insights into the results of the design methods. We discuss
these contributions from three perspectives on creativity: product, process, and
person. Future research could extend the MIDMACC framework with more in-
formation about children’s development concerning creative skills. Future work
could also consider researching the press perspective on creativity and propos-
itions. We conclude the chapter with a reflection on how the contributions of
this thesis relate to developments in HCI, CCI and creativity research.
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6.1 Introduction

Children’s creativity is a critical factor when children are involved in a design
process, engaged with a real-world challenge. In the last two decades, children
have been increasingly engaged in decision processes of policymakers, boards
of advice, and in Human-Computer Interaction (HCI) design. In HCI, most at-
tention went to optimizing the collaboration between designers and children
when engaging in a design process. The literature reports studies into the role
of children in the design process (Druin, 1999b; Barendregt et al., 2016a), eth-
ical procedures (e.g. Read et al., 2014), and more practical factors like session
length, protocols and tools (e.g. Read et al., 2013a). Efforts into optimizing a
design process for the outcomes of design methods have been scarce. However,
there is a growing demand for creative skills and creative outcomes (World Eco-
nomic Forum, 2016; Bughin et al., 2018). In response to these developments,
this thesis explored how to support professional HCI-designers in organizing a
design process that maximizes the available design space of creative solutions
when designing with children. The insights obtained benefit (aspiring) HCI-
designers and HCI researchers in their work.

The research approach in this thesis is grounded in research about design as
described in Brandt et al. (2015). Using this approach, we defined Questions,
a design research Program and Program-Experiments (Brandt et al., 2007), see
Figure 6.1. The program in this thesis was developing the MIDMACC (Multiple
Intelligences, Design Methods and Childrens Creativity) framework to help de-
signers decide on design methods involving children. To develop the MIDMACC
framework, we have conducted a program-experiment to compare design meth-
ods with designers as participants (chapter 2), we have set up design sessions
with children (chapters 2 and 3) and we have evaluated creativity measures
applied to children’s design contributions (chapters 4 and 5). Each program-
experiment resulted in insights adding to the program of building a MIDMACC
framework to compare design methods. Ultimately, the MIDMACC framework
and insights from this thesis contribute to a body of knowledge on optimizing a
design process when designing with children.

This chapter, the concluding chapter of this thesis, starts with summariz-
ing the previous research chapters. Then, we will discuss the contributions of
this thesis in view of how the program-experiments contributed to the design
research program. Thirdly, we will discuss our advancements and points for
future research for HCI from the three perspectives of creativity relevant in this
thesis: People, Process, and Product.
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Question:
How to support professional designers in organizing a design process with the most 
creative contributions when designing with children?

Program: 
Develop a framework to select co-design methods with 
the most creative contributions generated by children, 
evaluated with appropriate creativity metrics.

Categorize Design
Methods (chpt 2)X Evaluate Design

Solutions (chpt 4,5) X

Compare Design
Methods (chpt 2,3) X

Program-Experiments

Figure 6.1: The research in this thesis structured according the Research about Design
approach defined by Brandt et al. (2007) .
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6.2 Recapitulation of this thesis

The primary focus of this thesis addresses the question "How to support pro-
fessional designers in engaging in design methods with children to maximize
the available design space with the most creative contributions?". We have ad-
dressed this question with three research challenges:

1. How to support professional designers in selecting a design method that
generates the most creative contributions when designing with children?
(RQ1)

2. Can a framework for deciding on design methods that match children’s
skills at different ages optimize for the largest available design space of
creative solutions? (RQ2)

3. Can measures for creativity be applied to children’s contributions to real-
world design problems? Moreover, can we define the expected creativity of
contributions by children to guide professional designers in their selection
process for a design method? (RQ3)

The program (see figure 6.1) provided the context for research challenges
RQ1, RQ2 and RQ3. By developing a framework we can create program-
experiments that contribute to each RQ. Chapter two reports a program-experiment
that informs RQ1 and RQ2 by establishing and applying the MIDMACC frame-
work. We described how the theory of Multiple Intelligences (MI) provides a
useful reference and a definition of these skills and its potential for finding ap-
propriate design activities respecting children’s age. Subsequently, we applied
the MIDMACC framework to two design methods, Prototyping and the Nominal
Group Technique (NGT, a form of brainstorming), to understand whether the
number of intelligences associated with a design method corresponds with the
number of design outcomes. The significant difference found in options gen-
erated with the two methods suggests that children can generate more design
outcomes with prototyping (associated with four intelligences) than with NGT
(associated with one intelligence). Interestingly, starting with NGT and after-
ward prototyping positively affected the number of design outcomes generated
with prototyping.

Chapter three reports a program-experiment into the generalizability of the
findings from chapter two, with a study into the comparison of two other design
methods, Simulation/Roleplay and How-How-diagramming. The study com-
pares the number of design solutions generated with each method for two dif-
ferent age groups: first graders (five to seven-year-olds) and fifth graders (eight
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to ten-year-olds), thus extending the contributions for RQ2. However, the num-
ber of design solutions per method was not significantly different. Nevertheless,
there was a significant effect for order and a significant difference between the
number of outcomes per grade.

Chapter four reports a program-experiment into a creativity metric for nov-
elty (RQ3). We found that the frequency-based novelty metric as proposed by
Shah et al. (2003) is not suitable for comparing design outcomes from differ-
ent methods; it leads to unintelligible results. Subsequently, we proposed a
frequency-based novelty metric that does allow for comparing design outcomes
from different methods. We did not find a significant difference when we com-
pared the number of novel design solutions between NGT and Prototyping.

Chapter five extends our work on creativity metrics (RQ3) by applying the
holistic Consensual Assessment Technique (CAT) (Amabile, 1982) and the Cre-
ative Product Semantic Scale (CPSS) (O’Quin et al., 2006) on design outcomes
generated by children. We found that both metrics can be applied to children’s
outcomes. Secondly, the CAT provides a more general impression of the cre-
ativity of method results (e.g., how creative the outcomes are generated with
methods A and B). Thirdly, the CPSS provides more concrete, in-depth results
about the design outcomes (i.e., we applied a subset of 24 relevant different
bipolar semantic subscales, thus explaining why some outcomes are perceived
as more creative than others). These metrics worked well with design solutions
generated by children. The results also provided insights for the framework,
thus contributing to RQ2. With the results, we could reject our initial hypothesis
formulated in chapter 2 that the more intelligences involved in a method, the
more creative design solutions could be expected. Instead, it is more likely that
the more intelligences involved, the more triangulations take place, yielding
design outcomes that are more workable and relevant, rather than surprising
and original.

Figure 6.2 provides a graphical overview of the summary above. Each chapter
describes an experiment about design (as explained in Figure 6.1) and contrib-
utes to the program of this thesis. The program of this thesis is to make two
contributions that maximize the available design space with the most creative
contributions to support professional designers in organizing a design process
with children (RQ1). The two main contributions are

1. the MIDMACC framework for design methods based on the theory of mul-
tiple intelligences (RQ2); and

2. measures for the creative value of children’s products (design solutions)
(RQ3).
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CHAPTER 2
Developing a framework for 

optimising design methods with children

Framework associates design methods
with required intelligences(RQ1, RQ2).
Children generate significantly more 
options with prototyping which seems 
consistent with more intelligences
involved in the design method. (RQ3)

CHAPTER 3
Extending the application

of the framework  to
different design methods and age-groups

Comparing simulation and roleplay 
with howhow-questions (RQ2): 
 - relationship between intelligences and 
the number of outcomes not confirmed
 - significant difference between first 
and fifth grade in number of outcomes.

CHAPTER 4
Calculating the novelty

of children's design solutions

Metric proposed by Shah et al. proves
unfit for comparing methods (RQ3).

“Expectedness” metric shows 
brainstorming (NGT) amplifies novel
ideas in subsequent prototyping session.

CHAPTER 5
Measuring creativity
in children’s designs

Creativity techniques CAT and CPSS
effective to assess children’s designs
(RQ3). 
Framework hypothesis adapted (RQ2):
More intelligences, more workable 
outcomes.

Figure 6.2: Chapter by chapter overview of the results, related to the research chal-
lenges.
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We discuss these contributions below and indicate their usefulness for designers
and design researchers.

6.3 Contributions towards the Research Challenges
RQ1-3

We start this section bottom-up. First we will discuss the contributions to the de-
velopment of the MIDMACC framework (RQ1 and RQ2) and then the measures
for the creative value of children’ products (RQ3). Each program-experiment
had its own (combination of) studies and analyses. We report on the protocol
of the studies that informed the program-experiments in the last paragraph.

6.3.1 Contributions towards validation of the MIDMACC frame-
work (RQ1, RQ2)

By establishing the MIDMACC framework in chapter 2, we support professional
designers with a structural approach to think about the relation between chil-
dren’s skills and design methods. The MIDMACC framework uses the Theory of
Multiple Intelligences to define both children’s skills and design methods. Using
the same reference for children’s skills and design methods, professional design-
ers can compare children’s skills with competencies required for design methods.
In other words, they can rethink the design process from the perspectives of
personal creativity and process creativity. The MIDMACC framework provides
the field of HCI with a way of thinking about the design process at the interplay
between three of three perspectives of creativity: Person (children), Process
(design method), and Product (design solutions generated by children).

This thesis made some first steps in setting up and validating the MIDMACC
framework. We found support for the hypothesis that the number of intelli-
gences involved in a design method results in a more considerable number of
design solutions. We also concluded that the more intelligences involved, the
less creative but more workable solutions will span the available design space.

To take the step of personal creativity further, we suggested that a profes-
sional designer could use the MIDMACC framework to make an informed selec-
tion for a design method that best suits the children’s creative problem-solving
skills. A designer could start working from an age group and find an appropri-
ate design method. The reverse could work too: a designer has a method in
mind and wants to know at which age the children are sufficiently capable of
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engaging in this method creatively. Answering this question will require know-
ledge of which design methods invoke which qualities in children. Each of
these ways of working are schematically represented in figure 6.3 (repeated
from chapter 1).

Lookup skills of 
target group by age

Design brief 
with a target group

Match available skills with
required skills for a design method

Children generate design solutions
with the most creative outcomes

(a) Scenario 1

Lookup skills required 
to execute a design method

Design challenge requiring
a speci�c design method

Match required skills with
skills developed by children

Children generate design solutions
with the most creative outcomes

(b) Scenario 2

Figure 6.3: Two scenario’s to use the framework, scenario 1 (a): Start with a target
group and find a suitable design method; and scenario 2 (b): Start with a
design method and find an appropriate group.

We can associate age groups with design methods to perform either scenario,
(1) insights into children’s development and (2) skills required for design meth-
ods. We examined the possibilities of different types of children’s assessments
to complement the MIDMACC framework. In chapter 2 we describe the poten-
tial of the Teele Inventory of Multiple Intelligences (the TIMI, by Teele, 1992,
2017) for that purpose. The TIMI provides an overview of children’s dominant
intelligences throughout their development in primary schools. Combining the
TIMI with the MIDMACC framework, a professional designer can match the in-
telligences required for a design method with the dominant intelligence of an
age group. We hypothesized that a design method that addresses dominant in-
telligences would result in more creative outcomes than a design method that
does not empower children in their dominant problem-solving skills. In the ap-
pendix, we report a study using the TIMI for this purpose. The study showed
that the Inventory has several methodological issues that we could not resolve
within the context of this thesis. To further pursue the support of professional
designers in these scenarios, the field of HCI would need an improved version
of the TIMI or develop other tools to align the multiple intelligences by age.

The need for such an addition to the MIDMACC framework is amplified by
the findings in chapter 3, where we found that children in first grade provide
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a significantly smaller number of design solutions than children in fifth grade.
Thus the window of opportunity to maximize the design space with first graders
is much smaller than fifth graders. Having a tool available, such as our MID-
MACC framework, that supports designers to maximize the outcomes of a design
session with first graders is essential.

To summarize, this thesis made three contributions with the MIDMACC
framework (introduced in chapter 2):

1. we provided a structural approach to thinking about the relation between
children’s skills and design methods;

2. we provided insights about the number of intelligences involved in design
methods and the effects on product creativity;

3. we identified and explained the need to extend the MIDMACC framework
with age-specific information about children’s problem-solving skills.

The empirical studies reported in this thesis provided indications of how the
MIDMACC framework serves as a helpful tool to make decisions about design
methods involved in the design process. More fundamental questions and how
this MIDMACC framework contributes to HCI in a broader sense will be dis-
cussed in later sections in this chapter. First, we will continue with the measures
for the creative value of children’s design solutions.

6.3.2 Contributions towards measures for the creative value
of children’s design solutions (RQ3)

In this thesis, we explored for a variety of creativity measures whether they can
be applied to design solutions generated by children:

• quantity (chapter 2 and chapter 3, by means of counting options and cri-
teria);

• novelty (chapter 4, an established metric and an improved metric);

• creativity (chapter 5 by means of the CAT (Amabile, 1982) and the CPSS (O’Quin
et al., 2006)).

The metrics were applied to results from performing design methods with eight-
to-twelve-year-old children. In each program-experiment, the metrics helped
examine differences between the methods NGT and prototyping. These find-
ings suggest that the design solutions of eight-to-twelve-year-olds are creative
enough to (1) span a design space and (2) distinguish between the outcomes
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by the design method used. From a Research about Design (RaD) perspective,
these insights help designers decide on a design method.

In this thesis, we focused our measurements around the results from eight to
twelve-year-olds to compare NGT and Prototyping. The comparisons open up
the possibilities to search for further empirical evidence on how design meth-
ods and children affect the design outcomes. The studies raise further interest
into how other design methods differ for creative aspects and, more import-
antly, when applied with children. For example, it remains open for discussion
whether the size of design spaces opened up by six-to-seven-year-olds is suffi-
ciently large to make a distinction for creative design solutions. In chapter 3
we found that children in first grade generate a significantly lower number of
options and criteria than children in fifth grade; their design spaces comprise
twenty design solutions on average (which is substantially less compared to
the 50-60 generated by fifth-graders). Extending this study in future program-
experiments could chart how creative contributions develop as children mature
through their infant years. It could help professional designers make an in-
formed decision about involving age groups in the design process for creative
reasons. Naturally, it is always a good idea to involve children to understand
their needs and priorities.

6.3.3 Protocols and observation schemes to evaluate a design
process for creativity (RQ1)

For the studies conducted in this thesis, we developed a protocol based on good
practices in design, such as a warming up session. There are ample descriptions
of protocols for design methods. Novel in our protocol is that we created a
"container session": a meta-layer around the protocols for design methods. For
design researchers, the protocols provide an insight into the considerations and
possibilities for comparing different design methods using different media by fo-
cusing on the verbalizations during the methods. Often verbalizations are used
to observe opinions or experiences, not to observe the creative aspects of design
solutions. Using verbalizations, we could compare creative interpretations and
intentions of the children, despite them using different media to develop their
design solutions. Other ways could be drawings or stories. The difficulty with
those media is that children’s abilities differ considerably and that the media can
interfere or conflict with the design methods used (e.g., sketching and writing).
Verbalizations are a safe choice with young children. Compatibility of compar-
isons is a robust asset, as it allows to compare design methods that generate
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contributions with a rich diversity in form factors (e.g., notes vs. prototypes vs.
a play). Concerns about protocolized design activities used in design research
seem too confined to represent a professional, practical design setting. (Brandt
et al., 2015) interprets protocolized sessions as “rehearsals” for new practices.
Professional designers could view the protocols as examples and adjust them to
fit their design practice. Useful insights for designers are the reported timing
of events for each design method. For example, children required more time to
work on their ideas using prototyping than NGT. The protocols also help make
informed decisions about reserving time for warming up and reflection, as they
have been tested and optimized for confounding factors such as concentration
span and cognitive tuning.

Also, observation schemes for aspects of creativity in the design discourse of
children (chapter 4 and 5) are relevant for optimizing design processes and for
building a knowledge base of good practices in design research. Coding options
and criteria works mostly for children as well as for adults. Using discourse,
future observation schemes could be stronger rooted in linguistic analysis. In
linguistics there is much knowledge on how to code a discourse, for example
to evaluate someones linguistic competencies. Linguistic metrics related to con-
tent, such as morpheme, or lemma-analyses might be useful to consider for
future analysis of design discourse, for example as a proxy for the variety and
quantity of topics in the design discourse. In our research, design discourse was
a useful resource to learn about childrens design solutions.

6.4 Applying contributions (Q)

HCI designers, design researchers in HCI, and creativity researchers can apply
the contributions discussed above in several design and research activities, see
table 6.1. For example, designers can use the MIDMACC framework to choose
a method based on what intelligences they would like to involve in a design
process. A design problem might need a musical solution or a more logical
outcome. A designer might want to explore a problem for a single aspect (1
intelligence) or various aspects (multiple intelligences). For such dilemmas, a
designer can use the MIDMACC framework, such as in chapter 2 and 3.
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Target group Framework Options
and
Criteria

Novelty
Metric

Creativity
Measures

Design
Method
Protocols

HCI Designer Select a
co-design
method

Support choice for a design method Optimize
designing
with
children

Research about Design Evaluate
co-design
methods

Insights in product-creativity of
outcomes generated by children

Set-up
studies for
design

Table 6.1: Designers, design researchers and creativity researchers can apply the contri-
butions in several ways.

6.4.1 Using a Research about Design approach as proposed
by Brandt et al. (2007)

Our Research about Design (RaD) approach follows the paradigm proposed
by Brandt et al. (2007). This approach allows us to evaluate the program-
experiments we conducted at three levels, the level of the program-experiment
itself, at the level of the program (the development of the MIDMACC frame-
work), and at the level of the over-arching research question (how to support
designers with design methods that generate the most creative contributions
when designing with children). We will discuss the possible effect of this ap-
proach on answering the main research question at the two levels of experi-
ments and program.

Program-experiments and empirical studies

Our program-experiments have different approaches. The program-experiments
in chapter 2 and 3 rely on a linguistic analysis with an empirical approach of
hypotheses that can be accepted or rejected based on statistical analyses. For
example, we researched whether prototyping would result in significantly more
options and criteria than the Nominal Group Technique (Brainstorming). At
the level of the study, the empirical approach is sensible; we can safely assume
that children’s creative skills are normally distributed, as well as the children’s
verbalization skills. Thus, to look for the differences between design methods
as we did, is a sound approach to measure the (absence of) differences in the
numbers of design solutions.
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On the flip side, our setup is a heavily construed design session, strained
by measures to compare design methods and measures to counter-effect exper-
imental biases such as an order-effect. Such measures would be irrelevant in
a setting where there is not an underlying research paradigm. Thus, our ex-
periments arguably represent a design session outside a research context. Also,
using two design methods in one session, such as how-how diagramming and
simulation/roleplay in one session, is arguable a practical approach in a profes-
sional design process.

The value of our program-experiments is best interpreted, as Brandt et al.
(2015) proposed, as rehearsals of design practice. Thus, they should not be
implemented to the letter, but they should be understood for their value for
the design practice and the program of developing the MIDMACC framework.
For example, for design practice, there is value in our finding that combining
brainstorming (NGT) with a second method might benefit the outcomes of the
second method, that is, when NGT is performed first.

Inside and outside evaluation of the program

The program-experiments have an inherent value, as they should show whether
or not the program works. In our case, that means that the program-experiments
are designed to inform whether or not the MIDMACC framework is a valid pro-
position. However, design research has a double challenge; (1) it must be ex-
emplary in the sense that it demonstrates the program, and (2) it must show
evidence that pursuing such a program-experiment will provide opportunities
for unprecedented change and novelty through experiments and studies (Binder
et al., 2006). The program sets the norm for the work. Our program proposes
to change design processes to take creative skills into account, especially when
a design process involves children. In setting this norm, we focus on specific
aspects of the design process, for example, by excluding the influence of the
environment on the design methods. Thus, our design methods and creative
skills compete with, for example, a program researching design methods and
creative environments. These normative, focused aspects of a program mean
that a program is inherently customized (as opposed to universal).

Thus, our program-experiments provide inherently customized knowledge,
meaning that we cannot say whether a given hypothesis is ’true’ or not, but
rather to what extent the experiments flesh out and develop the basic notions
of the MIDMACC framework. This is what Binder et al. (2006) calls the "inside
evaluation". The previous sections describe an inside evaluation, identifying the
contributions of this thesis towards developing the MIDMACC framework. As
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there is an inside evaluation, there is also an outside evaluation of whether our
program still holds: is pursuing the MIDMACC framework a relevant endeavor,
and does it produce knowledge about optimizing a design process relevant for
HCI designers - and design researchers? We will argue that it does in the next
sections, possibly with some adaptations.

6.5 Discussion: Advancements for the field of HCI
from three perspectives of creativity: People,
Process and Product.

Over the last decades, creativity has become a top priority in the western world.
The World Economic Forum states that to “master the fourth industrial revolu-
tion” creativity is the most critical skill for the near future (World Economic
Forum, 2016). The job market shows an increasing demand for higher thinking
skills, such as creativity (Bughin et al., 2018). In this thesis, we focused on
evaluating the creativity of design solutions generated by children. We started
this line of research to complement research focused on aspects of the process
of designing with children rather than on the outcomes, the products, of these
processes.

6.5.1 Value from the product-perspective: on the children’s
outcomes for a designer

Research into the creative value of childrenś design solutions has gained atten-
tion (Van Mechelen et al., 2017b; Mast et al., 2018) from different angles. From
the angle of the value for a designer, exciting work is that of Van Mechelen et al.
(2017b), it suggests practices to analyze children’s contributions. They distin-
guish between a descriptive perspective (inspiration by children) and a know-
ledge perspective (understanding of children’s values and needs). These per-
spectives determine the “how” and “why” in analyzing children’s contributions.
In this Ph.D., we focused on the creative value of the “what”, the contribution. A
focus on the contribution best resembles the descriptive perspective. We did not
exclude the knowledge perspective. When children express their design solu-
tions, they express a solution to fulfill a need. We have looked at the creativity
of that solution, not so much at which need it fulfilled. Methods to elicit the
needs and values of children are well described in, for example, the work of
Van Mechelen et al. (2017a).
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An interesting next step in the creative value of children’s contributions
would be to compare children’s contributions to contributions by adults or ex-
perts. Mast et al. (2018) compared the contributions of children to adults in
co-design sessions and found no remarkable differences between them. We
have not made a direct comparison in our studies. We did find that design ex-
perts (adults) that evaluated the children’s contributions (see chapter 5) rated
children’s contributions sometimes bizarre or not very novel depending on the
method used. It would be interesting to make further comparisons between
the contributions of adults and children to learn if children respond similar to
design methods and if this similarity is consistent independent of the children’s
age.

6.5.2 Value from the process-perspective: the protocols for
engaging children in design

The protocols used in this thesis were developed based on the latest insights in
eliciting feedback from young children (Hennessey et al., 2011). Moreover, we
used a similar protocol for children in first grade and children in fifth grade.

Currently, the most extensive work for a protocol on working with children
in design is the GLID method, developed by Van Mechelen et al. (2017a) (which
was not available at the time this research was executed). GLID stands for
Grounding the analysis, Listing design features, Interpreting orientation and
organization, and Distilling discourse and values. It is relevant to mention GLID
here because it provides a structured method, which largely coincides with the
principles applied in this thesis). The GLID pursues the values underlying chil-
dren’s ideas expressed in discourse and prototypes. In this thesis, we focus on
the ideas per sé, the phrases that explain their prototypes, their simulations, or
the ideas they wrote down. In doing so, this protocol aims to obtain a means to
obtain elaborate, meaningful representations of children’s design solutions. The
difference between our work and the GLID method is that our research did not
focus on personal values; it focused on the creative value of children’s ideas.

6.5.3 Value from the persons-perspective: the children and
their creativity

From the perspective of the added value for children, an interesting recent line
of research is into the role of children in design activities (Barendregt et al.,
2016a; Barendregt et al., 2016c). Children are increasingly involved in the
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design process, but children’s added value and impact in the design process
can still be relatively limited. For example, if children’s contributions are only
observed, thus serving the designer’s inspiration, they only have an indirect
role in the design process. In this thesis, we have not explicitly evaluated the
role of children in the entire design process. Nonetheless, the implicit view on
participating children was very active: in the discussion phase of our protocol,
children explained their contributions, elaborated on them, and gave each other
feedback. Thus, children had a very active role in the design activity. The
final role of children’s input depends on the professional designer and whether
they see the contributions fit their real-world design challenge. Optimizing the
creative value of children’s contributions and understanding the creative value
is probably more worthwhile when the children have an active contribution to
the design process.

The discussion of the role of the children’s contributions touches upon ethics
in designing with children. The topic of ethics in designing with children has
been raised and discussed increasingly over the last years (Read et al., 2014;
Frauenberger et al., 2018), focusing on inclusion, transparency, and respect.
Since 2018, a new movement was initiated in Helsinki with global, but primar-
ily Scandinavian companies, universities, and agencies that design with or for
children, together with Unicef: Children’s rights in design (Childrens Rights in
Design, 2018). This movement aims to create a guide for children’s rights such
that any company, institution, or other legal body working with children knows
what should be taken into account when designing with and for children.

In this thesis, we have used an ethically responsible research process in terms
of inclusion, transparency, and respect for the contributions of children (Read
et al., 2014). We have always been transparent to the schools in communic-
ating the purpose of research and how we processed and stored the data. We
also asked for consent from the parents and children for their participation. We
informed them about what would happen in the sessions and what would hap-
pen to the results. Our observation process was elaborate and detailed such
that we could trace each idea from each child. Naturally, the results have been
processed anonymously to make objective observations, protect the children’s
identity, and respect their privacy.

An ethical issue may arise if this line of research leads indeed to optimiza-
tion for creativity. The chance cannot be ruled out upfront that some companies
will deploy activities that go into a direction that looks like exploiting children’s
creativity. We started this research to support researchers and designers with
the MIDMACC framework to maximize children’s creative potential. When chil-
dren can use their maximum creative potential, they can develop better design
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solutions. Creating better design solutions was the very reason behind the de-
velopment of participatory design and co-design techniques (Muller et al., 1993;
Muller et al., 2003).

This thesis presented some exploration into personal creativity with the TIMI
(Teele, 1992), see chapter 2 and the appendix(page 217), to expand the possib-
ilities of the MIDMACC framework. Children found value in their participation
in several ways: they felt appreciated for being involved as an expert, they could
express their ideas in ways that fit them well, and their takeaway from the ex-
ercise was that the threshold to design was lower than they thought. Some
expressed how they would start ‘inventing’ the next day. For some children, in-
volving them in a design process seems to trigger self-confidence in deploying
their creative skills.

Personal creativity has a strong focus in education to help children develop
creative skills. For example, the development of creative thinking and doing
is a superior skill in the 21st-century skills movement in Education (Binkley et
al., 2012). The 21st-century skills movement addresses the changes required
in education to raise future generations with the skills to meet the needs of
the future workforce. In 2018, more concrete guidelines were published to
integrate and assess personal creative thinking and doing in a curriculum (Care
et al., 2018).

The means to develop creative thinking and doing is promoted through a
strong emphasis on STEAM subjects in a curriculum; STEAM stands for Sci-
ence, Technology, Engineering, Arts and Math (Land, 2013; Giamellaro et al.,
2018). There is no clear consensus about what STEAM exactly entails and how
to integrate it in the curriculum (Giamellaro et al., 2018; Thibaut et al., 2018),
which offers an excellent opportunity for the field of design research to work
with children (Giannakos, 2016). Professionals in design research are experts
in these areas and know how to apply them to solve real-world problems. In
this respect, these are great times for designers to partner with schools; design
activities help schools with their STEAM subjects, with 21st-century skills, and
it helps children develop critical thinking and creative thinking and making.

Schools are currently figuring out how to design such curricula. Moreover,
soon (if not now), they will need tools to monitor children’s progress on creative
thinking and making (Care et al., 2018). Similarly, professional designers could
also benefit from estimating the quality of a design space determined by the
creative outcomes of a co-creation session with children. In schools, this is
obvious, and plans are ready (Care et al., 2018). The results in the thesis can
help designers consider their effort in co-design sessions with children.
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6.6 Future research

The research presented in this thesis has led to several promising insights. In
this section, we present possible directions for future work. We started this
thesis by plotting our work in the context of the four p’s of creativity (see fig-
ure 6.4. Therefore we will point to interesting directions using the same model.
We will address the four p’s in the sections below, including a fifth p: proposi-
tion.

person

process

product

press

Figure 6.4: Four perspectives on describing creativity, personal, process, press (environ-
ment) and product (Fishkin et al., 1998)). The creative sweet spot resides in
the middle, gravitating from all four perspectives.

6.6.1 Person: Advancing the MIDMACC framework with de-
velopmental milestones

This thesis offers a coherent set of elements to describe the relation between
design methods and personal characteristics to optimize creative outcomes us-
ing the Multiple Intelligence Theory. The theory of Mulitple Intelligences con-
tinues to drive research into design education, design research, and creativity
research (Cheatham, 2017; Jung et al., 2017b). The MIDMACC framework and
the TIMI form a way to describe design methods and children’s development,
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interlinked by the theory of multiple intelligences to describe problem-solving
skills in both design methods and children. To further advance children’s cre-
ativity in a design process, the field can benefit from learning how to address
children’s creativity in the context of design methods.

In chapter 2, we introduced the TIMI (Teele, 2017) and how it can be used
together with the MIDMACC framework. Further development of the TIMI
would help better understand the development of children in terms of the the-
ory of multiple intelligences. We have explored whether the TIMI is fit for use in
the context of the MIDMACC framework. The results (Appendix A) showed that
in its current state, it is not. The TIMI needs further work on a methodological
level, and it should be validated for local (geographical) interpretations before
it can be used for global comparisons. The MIDMACC framework can better
explain which methods could be used best with children in a specific age group.

The theory of Multiple Intelligences has proven to be a complete, practical,
and inspiring way to describe problem-solving skills in different modalities. In
psychology, the theory is under debate for its lack of psychometric possibilities
(see chapter 2). We invite researchers to use the MIDMACC framework as an
example and explore alternative psychological models of problem-solving skills,
or maybe a combination of psychological theories that can describe the wide
variety of skills involved in design methods and account for children’s develop-
ment in that skill. Interestingly there has been an effort to reframe the multiple
intelligences for design with adults (Cheatham, 2017).

A start could be to define a subset of the intelligences in terms of a more
psychometric alternative. For example, the logical-mathematical intelligence
(Gardner, 2011) relates to the work of Piaget (Piaget, 1964) on cognitive devel-
opment. Piaget clearly defined developmental stages, which could be helpful to
understand logical problem solving over different ages. Similarly, the interper-
sonal and intrapersonal intelligences (Gardner, 2011) overlap with Erikson’s de-
scription of social-emotional development (Berk, 1999). Erikson defined clear
developmental phases. This approach maintains the holistic character of the
MIDMACC framework in terms of the Multiple Intelligence Theory while open-
ing up possibilities to select a design method that fits known milestones in the
development of children. Extending the MIDMACC framework with an over-
view of developmental milestones in the context of the Multiple Intelligence
Theory is a precondition to research design methods and creative outcomes
that account for the rapid changes in skills of children in the first twelve years.
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6.6.2 Process and Product: Building towards a creativity mon-
itor

This thesis has contributed to creating new measures and evaluating existing
ways to assess creative value and children’s design solutions. It is the societal
responsibility of an academic environment to provide insights into how these
tools work for children. A creativity assessment supported by empirical evidence
usually means that it is a custom solution and needs further development before
being applied in a public or commercial environment.

For example, in chapter 4 we proposed a new measure for novelty. The
process to achieve the scores is highly labor-intensive. First, conversations need
to be recorded and transcribed, then coded for distinct design solutions and
subsequently tallied and totaled. Also, the processes described in chapter 5 are
labor-intensive. For example, applying CPSS with the current protocol needs
to become more time-efficient before it is interesting for frequent use. From
the range of measurements we applied is the Consensual Assessment Technique
(Amabile, 1982, chapter 5) the least labor-intensive to apply.

One way to optimize this process is to reduce the time for transcriptions.
Recent developments in speech recognition, applied in, for example, the intel-
ligent speakers by Google, Amazon, Apple, and Windows, show that speech re-
cognition can now recognize speech in household environments. Recent devel-
opments increasingly make this technology part of the discourse, for example,
in gaming (Griol et al., 2019). Further research could determine whether the
quality remains in group conversations with children about specialized areas in
product and service design.

Another optimization in the process is to identify design solutions from dis-
course automatically. Recent developments in Artificial Intelligence have shown
substantial advancements using semantics in, for example, the field of law and
medicine (Chen et al., 2016; Greenleaf et al., 2018; Nisbet et al., 2018). Artifi-
cial Intelligence could be trained to recognize design solutions in conversations
with children. A successful automated analysis of these creative processes then
results in a “creativity monitor”. It is a small step to help designers monitor
their creative process for novelty, quantity, variety, and quality with an efficient
monitor of design solutions. Such a creativity monitor would make the research
endeavours in this thesis much more accessible.
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6.6.3 Program-experiments with press and with an ethical
proposition

Further work could include the influence of the environment (press-perspective)
on the creativity of the design outcomes. As we laid out in the introduction, the
environment can influence the people performing in it by how it is perceived
or on the process by the space and props it provides. Our studies consistently
took place in a school, in a spare room. The room’s interior varied from a
tinker workshop, a hallway, or the director’s meeting room. In our experimental
setup, we did not control for the influence of the environment. We do not know
whether the children generated more creative outcomes in the room with the
tinker workshop (with lots of distractions) than in the empty hallway to arrange
to our needs. Possibly the children would have generated different design solu-
tions if we provided them with only natural tinkering materials for prototyping
or when the brainstorm sessions were located in the woods (Studente et al.,
2016).

In addition to person, process, product and press, there could be a fifth p for
proposition. If research shows we can optimize any design processes for chil-
dren’s creativity and that they have a distinct value compared to the solutions
developed by adults, then ethical dilemma’s arise and new norms and values
come into play when we ask ourselves the question of whether it is a good idea
to involve children for their creative contribution? Would we be working to-
wards something like child labor in creativity? Movements like the Childrens
Rights in Design (2018) show increased concern about the products designed
for and with children. As the research presented in this thesis advances, these
questions will become more prominent.

6.6.4 Considerations about the relevance of our findings for
the field of HCI during the time between finding and
reporting the results.

The research has been developed, executed and reported in this thesis in a
period just short of 17 years. The original ideas for the MIDMACC framework
originate from 2005 (Sluis-Thiescheffer et al., 2007a). The drive behind this
research is to contribute to developing a theory of designing with children.
The drive to develop a theory of designing with children is a development that
fits a maturing field such as child-computer interaction. Between 2005 and
2020, there have been several efforts to capture developments in the field in a
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more overarching body of knowledge. In the first issue of the journal for child-
computer interaction (2013), Read and Markopoulos identify the development
of a theory of design for child-computer interaction as the prime challenge of the
field (Read et al., 2013a). The field requires "models and guidelines that could
guide the design of interactive artifacts for children are few and far between"
and that "it reflects the relevant scarcity of empirical research on children to
develop models that can guide design." The drive to develop the MIDMACC
framework fits the demand for that research. An early attempt to assess meth-
ods available for use in developing technology with children is, for example,
(Markopoulos et al., 2003), which provides a structured approach to assess
usability method use with children. In 2013, the MIDMACC framework was
considered the only proposal since then for a systematic approach to evaluat-
ing methods (Allsop et al., 2013). The MIDMACC framework as such has been
recognized as a relevant contribution in three ways:

1. in reflections on building a body of knowledge around structural approaches
to designing with children, for example, (Mazzone et al., 2011; Iversen et
al., 2013; Read et al., 2014)

2. to inspire the development of other frameworks in CCI; for

• specific groups of children, e.g., (Potter et al., 2014), or
• a specific design context e.g. (Hayashi et al., 2011; Chiu et al., 2012;

Axelsen et al., 2015; Barendregt et al., 2016b) and

3. to use the framework (Sabariah et al., 2018) to select a design method in
a design process.

The examples given do not intend to represent an exhaustive or complete list
of articles that cite the research reported in chapter 2, as some are similar and
some make a reference to legitimize a user-centered approach in less-related
contexts, for example, Paniagua et al. (2019) and Yadav et al. (2021). Never-
theless, these citations recognize the MIDMACC framework in how we intended
to contribute to HCI and CCI throughout the period between performing the re-
search and publishing this work as a thesis. In chapter 2, we also identified that
the fundament of the framework; the theory of multiple intelligences, is a the-
ory that, on the one hand, inspired the field of education as a workable frame
of reference to define learning styles and, on the other, it is criticized in the field
of psychology because of its holistic approach and challenging psychometrics.
After our publication in 2009, the theory has received continued interest in all
three aspects listed in the previous paragraph (Jung et al., 2017a; Shearer et al.,
2017), but there has not been a significant change in the perception of the the-
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ory. Over the years between developing this framework (2007 and publishing
this thesis, 2021), the theory of multiple intelligences has had some attention in
the field of Child-Computer Interaction, primarily in an educational context, for
example, when developing digital solutions (Li et al., 2012), or teaching chil-
dren design-thinking skills (Grammenos et al., 2018). The framework aims to
identify methods that yield results with a specific rating for creativity. Creativity
and children have always been a topic in CCI, starting from pioneering research-
ers such as Seymour Papert, Edith Ackerman, Marvin Minsky, and Alan Kay, who
identified children use technology as a resource to be creative when he explains
a constructionist approach to children’s development (Papert, 1993). Creativity
seems to be an increasingly important topic in CCI. If we only look at the art-
icles published in the journal of Child-Computer Interaction, which started in
2013 and published 189 articles, 76 publications mention "creativity," and five
mention creativity in their keywords. The focus in these articles remains on the
procedure’s parameters, the interaction with the participants, or the interaction
with the creativity enabling technology during the creative sessions. Only one
article researched the outcomes of children’s work in figurative creativity as the
dependent variable in the study (Ali et al., 2021). As such, our work in the field
of Child Computer Interaction remains a substantial contribution in the way we
focused on the creative outcomes of children.

Our contributions to the field of creativity research are also robust. Articles
citing our work use our work to address the inconsistency and propose other
metrics or pursue the refinement of the original metric. Especially the work of
Fiorineschi et al. is noteworthy in this respect. Fiorineschi et al. continued to
publish work on the metric with most of the issues we identified throughout
2018-2020 (Fiorineschi et al., 2018; Fiorineschi et al., 2020). Others have not
applied the metric in the context of working with children, as far as we know.

Our contribution in terms of creativity is based on expert assessment of chil-
dren’s design solutions. This study provided the insight that the more intelli-
gences involved, the more triangulation occurs. This research has not yet been
published, but we argue that our contribution still stands the teeth of time. The
contribution is focused on procedural aspects (using the framework and CAT
and CPSS with children). As we argued before, the framework elements (design
methods, participatory design with children, and the theory of multiple intelli-
gences) have not changed the view on this contribution over time. The usage of
CAT and CPSS then need some consideration, whether these methods are still
in use or have been critiqued. The CAT has recently been critically evaluated
(Cseh et al., 2019). The main argument here is that the CAT has been applied
in different ways because of its flexibility, which means that its reliability as a
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measure is still incomplete. The authors argue that more research must clarify,
evidence, and harmonize CAT methodology. In our work, we have attempted
to be transparent enough to show how we applied the CAT methodology and
how we have tried to overcome some of the unclarities we encountered (for ex-
ample, we added the five evaluation variables). It could mean, though, that our
study might not be comparable to other research that included CAT. It should
not make a difference for the estimated creativity of children’s design solutions.
The CPSS has successfully been used, reviewed, and built upon throughout the
period (O’Quin et al., 2016; Form et al., 2019), although we are not aware of
a study that applied the CPSS with children. Another way to look at whether
our results stand the teeth of time is to reflect that the research took place in
2004-2009; most of the children we interviewed then are now in their twen-
ties. Naturally, what was considered novel in those days is not considered novel
anymore. The design case asked children to come up with a solution to attend
school from home and participate in group work. During the years 2004-2009,
children were inspired by real-life applications like MSN and their ideas about
robots. Some early applications were designed for that purpose, but in the
meantime, publishers of educational material have gone through a complete di-
gital transformation, recently accelerated by the COVID-19 pandemic. MSN has
been replaced by conferencing tools such as Zoom or professional online collab-
oration environments such as Teams. Some of the children’s ideas are still not
technically feasible, yet the groundwork for those solutions has progressed. For
example, some children came up with holograms, mirroring facial expressions.
The use of holograms has been successfully deployed (for example, the concert
by the Gorillaz in 2017, (Milton, n.d.)), and the technology of face-tracking has
matured enough to control an avatar as a digital twin. In our work, though
we did not focus on the solutions themselves, we recorded and evaluated them
to derive generalizations for creative processes. Novelty is a situated notion
(Janssen et al., 2015), and therefore it should be treated as such for the con-
tent of design solutions. Mapping creative processes to a design context and
researching how to obtain innovative results is a repeatable process. There-
fore we think that our work stands the teeth of time. We like to conclude this
reflection by referring to Frich et al. (2018) who argue that there is a limited un-
derstanding of how design methods affect the creative process in HCI. Creativity
research provides HCI and CCI opportunities as societal challenges continue to
grow. Part of the reason for the lack of understanding is an untapped poten-
tial for collaboration between research communities in HCI and in Creativity
Research, whose joint effort is key to increasing our understanding of the role
and nature of design methods in creative practices. Although the period of our



6.7 Conclusion 189

work is considerable, the type of contribution we make, bridge a gap between
HCI and Creativity Research.

6.7 Conclusion

In this chapter, we summarized and discussed the insights we acquired and their
contributions to the question “How to support professional designers in organiz-
ing a design process with the most creative contributions when designing with
children?”. With this thesis, we contributed to professional designers and re-
searchers in the field of HCI and Research about Design insights for organizing
a design process with children by making more informed decisions because:

• the MIDMACC framework allows them to think about design methods as
creative processes from both personal creativity and product creativity, thus
making a more informed decision about using them.

• the proposed novelty metric allows them to analyze outcomes from co-
design sessions with children more objectively and comprehensively.

• the Consensual Assessment Technique and the Creative Product Semantic
Scale can successfully be applied with outcomes generated by children.
Professional designers have now two measurements at their disposal that
they can confidently use with children’s outcomes

• the program-experiments with four design methods provide rich insights
into protocol improvements and insights into creative aspects of the out-
comes of each method.

• the research topic covers a relatively unattended combination interests in
CCI, HCI and creativity research. The relevance of creativity research in
CCI and HCI is stronger voiced in recent years.
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Appendix A
Exploring the added value of
the Teele Inventory of Multiple
Intelligences (TIMI)

Abstract

The Teele Inventory of Multiple Intelligences (TIMI Teele, 1992, 2017) could
help identify design methods that suit children best in terms of their current
dominant intelligence. The TIMI, validated for American children, provides an
overview of the dominant intelligences per school grade. In chapter 2, we ar-
gued that if the dominant intelligence in children and of a method are both
known, design methods can be selected based on matching design methods
with the dominant intelligence of children in a specific school grade. This ap-
pendix explores two challenges to resolve with the TIMI. The first challenge is
to examine how to match design methods and children. The second challenge
concerns whether children in Dutch schools will have similar TIMI results as
American schools. In an explorative study, we collected TIMI-profiles from 100
Dutch children, some in first- and some in fifth grade. Among other methodo-
logical issues with the TIMI, we find that the Dutch profiles differ substantially
from the American profiles. Because of this, the conclusion is that the TIMI is
not yet fit to select appropriate design methods.
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A.1 The potential of the TIMI

The proposed MIDMACC framework in chapter 2 is designed to find the op-
timal design method to empower children in generating creative value. The
MIDMACC framework is based on the theory of Multiple Intelligences (MI). The
theory of MI resonates with psychologists, pediatricians, and educators world-
wide who like to consider children’s abilities beyond the scope of established
sets of tests on specific cognitive tasks; logical, linguistic, and spatial-visual
(Anderson, 2000). The field of cognitive science assumes that intelligence as a
problem-solving ability can take a yet undefined number of different forms. In
that respect, the cognitive sciences consider Gardner’s ideas as an early contri-
bution (Calvo et al., 2008).

The theory of multiple intelligences is about 40 years old and is still be-
ing researched and discussed for evidence (or the lack thereof). MI theory is
considered one end of a range of theories about one or more types of intelli-
gence. The strongest shortcoming of Gardner’s observations is poor psychomet-
ric support. At the other end of the range of theories is the single-intelligence
approach, the g factor. The g factor is a psychometric construct introduced by
the statistician Spearman (Spearman, 1904). Spearman reported that an indi-
vidual’s performance on one type of cognitive task tends to be comparable to
that person’s performance on other kinds of cognitive tasks. The construct of a
“g factor” represents a general ability factor that manifests in different cognitive
tasks. It is an established and generally accepted psychometric measure, but
there is no consensus about the cause of the positive performance correlations
on the different cognitive tasks. So far, researchers have tried to find evidence
for either the multiple - ór the single intelligence approach (Morgan, 1996; Vis-
ser et al., 2006; Castejon et al., 2010), without being successful in completely
excluding one or the other.

A recent study provides neuroscientific evidence for each of the eight intelli-
gences Shearer et al. (2017). The TIMI covers the first set of seven intelligences.
Each intelligence possesses its own unique neural architecture (Shearer et al.,
2017). The researchers stress that their findings do not provide exclusive evid-
ence that the Multiple Intelligence theory and “g” are mutually incompatible
entities. From a neuroscientific perspective, they seem culturally determined
different perspectives on intelligence. The neurological areas in the brain are
densely interconnected. The consequences of these interconnections in the con-
text of either theory are unknown. More importantly, their study brings up to
date the neurological hypothesis put forth by Gardner over thirty years ago and
indicates its continuing plausibility.
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In this thesis, we explore the applicability of Gardner’s theory in the field
of design. We have explored the multiple intelligences and the impact of the
number of intelligences involved in a design method on the creative value of
the solutions generated. The next step in developing the MIDMACC framework
is to explore if the framework can be helpful to optimize the choice for a design
method for children at a specific age. Each child will develop a personal pro-
file in terms of the intelligences. However, developmental theories show that
children have common transitions in their development and that specific skills
develop in a universal order (like the stages of cognitive development as de-
scribed by Piaget (in Vasta et al. (1995)). A design method appropriate for
children’s developmental stage is likely fruitful. For example, it makes sense
to execute a prototyping method once the children’s fine motoric skills have
sufficiently developed.

In the field of design, the multiple intelligence theory is receiving continued
interest, often to support design decisions (Cuthbertson et al., 2007; Iversen
et al., 2007; Kang et al., 2007; Raffle et al., 2007) or to design applications
for education to teach children in their preferred learning style, based on their
dominant intelligence, e.g., Becker (2003b), Kelly et al. (2006a) and Chan et
al. (2011). However, as far as we are aware, nobody has applied this theory to
support selecting an appropriate design method. The skills required to perform
the design activity should specify the appropriate methods. Then, we can exam-
ine at what age children have sufficiently acquired the necessary skills for that
particular design activity. With such an analysis, we can predict which design
activities are optimal for a specific age group.

In this appendix, we want to explore whether the Teele Inventory of Multiple
Intelligences (TIMI) can further support the usage of the MIDMACC framework
that we introduced in chapter2. The TIMI is a validated inventory that can reli-
ably describe the dominant intelligences for children in a certain school grade in
the American school system. The promise of using the TIMI with the MIDMACC
framework is in two scenarios.

One scenario is that a designer wants to find a design method to gener-
ate ideas with a specific age group, which corresponds with a grade. In that
scenario, a designer starts with the TIMI. With the TIMI, the designer looks up
the most dominant intelligence(s) observed in each grade. Then the designer
would use the MIDMACC framework to identify the design methods associated
with those intelligences. Then that method is executed with that age group.

A second scenario is in the opposite direction: a designer wants to use a spe-
cific design method with children. In this scenario, the designer starts with the
design methods and looks up the associated intelligence(s). Then the designer
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would use the TIMI to find a grade (or age group) that would suit the design
method best. Both scenario’s are illustrated in figure A.1 and figure A.2.

Lookup skills of 
target group by age

Design brief 
with a target group

Match available skills with
required skills for a design method

Children generate design solutions
with the most creative outcomes

Figure A.1: Start with a target group and find a suitable design method

These scenarios raise questions about the TIMI, such as to what extent the
TIMI results can be considered in the light of the multiple intelligence theory
(MI-theory). The MI-theory aims to describe universal patterns in creativity in
different modalities. Can the TIMI then similarly be an inventory of dominant
intelligences during child development, independent of, for example, cultural
influences, educational system, and region. In this study, both scenarios are ex-
plored to determine if and how the TIMI can be of added value to the MIDMACC
framework.

A.1.1 Can the TIMI be used with the MIDMACC framework to
find age-appropriate design methods?

The Teele Inventory of Multiple Intelligences explained

The TIMI is a forced-choice pictorial inventory that contains fifty-six numbered
pictures of panda bears representing characteristics of each of the seven intelli-
gences. The TIMI asks children to associate their daily behaviors and preferred
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Lookup skills required 
to execute a design method

Design challenge requiring
a speci�c design method

Match required skills with
skills developed by children

Children generate design solutions
with the most creative outcomes

Figure A.2: Start with a design method and find an appropriate group

activities with the pictures. Each intelligence is represented in eight pictures.
The children perform a paired comparison of each possible unique combination
of any two intelligences. Based on which picture a child thinks that matches
best, he or she chooses one of the two pictures. The result is a ranked list of
intelligences for each child ordered by how well each intelligence matches ac-
cording to the child. Figure A.3 shows an example of two paired comparisons.

Table A.1 shows an overview of the results based on 6000 answer sheets
from schools in the United States. The table shows which skills are the most or
the least dominant for a specific school grade. The dominance level is ranked
by the numbers one to four, where one means most dominant (Teele, 1996).

Combining the TIMI with the MIDMACC framework we introduced in chapter 2,
creates an opportunity to optimize the involvement of children in a design pro-
cess by controlling for the intelligences (skills) involved in the process. The
table 2.1 (on page 42) is repeated as A.2 on page 239 for reasons of conveni-
ence in reading, The two scenario’s introduced above (see figure A.1 and A.2 )
are explained with concrete examples below.
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Figure A.3: An example of a forced-choice task in the TIMI. The top two pictures provide
a choice between a musical activity and a spatial-visual activity. The bottom
two pictures provide a choice between a musical activity and an interper-
sonal activity (Teele, 1992).
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Skill Linguistic Interpersonal Spatial-Visual Bodily-Kinesthaetic Logical-Mathematical Intrapersonal Musical

Design Relevance Domain specific

Kindergarten 3 1 2 4

First Grade 4 1 3 2

Second Grade 4 1 2 3

Thirde Grade 4 3 1 2 4

Fourth Grade 3 1 2 4

Fifth Grade 3 1 2 4

Sixth Grade 3 2 1 4

Middle School 1 2 3 4

High School 1 3 2 4

Communication Design Skills

Table A.1: Overview of the dominance levels of the intelligences per school grade accord-
ing to Teele (1996). The dominance level per grade is ranked by the numbers
one to four and represented by different shading of grey. The darkest shade
of grey (1) means most dominant. An empty cell means that the intelligence
plays a less dominant role in developing a child during this school period. The
second and third column groups the intelligences by the type of involvement
in designing: (1) communication, (2) the act of designing, and (3) method or
product-specific skills.

Scenario 1: start with a target group and find an appropriate design method

In a scenario where a specific age group is required (see figure A.1 (a)), the
design team would probably want to find an appropriate method to consult
them. With the MIDMACC framework and the TIMI, we can hypothesize which
design methods would best suit children in a specific grade. For example, the
two most dominant intelligences for children in grade one are visual-spatial
and logical-mathematical (table A.1. In the MIDMACC framework, the method
that involves both visual-spatial and logical-mathematical skills is the cognitive
map. Thus, following this line of reasoning, the most appropriate design method
would be cognitive mapping for involving children in grade one in a design
process.

Scenario 2: start with a design method and find an age-group that matches
the required intelligences

Assume a scenario where a specific design method is required (see figure A.2(b)),
for example simulation/roleplay for generating new ideas for product hand-
ling. With the MIDMACC framework and the TIMI, we can hypothesize which
age group(grade) would best fit simulation and roleplay. Simulation/roleplay
involves three intelligences: linguistic, interpersonal, and bodily/kinaesthetic.
Product handling is a bodily-kinesthetic activity. Table A.1 indicates that bodily-
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kinaesthetic intelligence is most dominant for children in sixth grade.

A.1.2 Conditions for the TIMI to work in a Dutch context

In the scenarios in the previous section, the TIMI could play a crucial role in
optimizing the creative value that children can add to a design process. It would
mean that designers can anticipate which age group to involve in their design
processes. To anticipate an age group sets some requirements on the usage of
the TIMI.

Are the TIMI measurements useful for small groups?

Table A.1 is based on a very large number of pupils (6000). Design sessions
with children generally involve up to twelve children. Are the TIMI’s variance
and distribution small enough to find the same or similar order of dominant
intelligences for each age group in smaller samples? For example, a designer
selects some children from a grade 1 based on table A.1 to create a cognitive
map. For an optimal cognitive map, the designer now relies on the children
to have a relatively better developed logical intelligence or interest in logical
activities than in other activities. Can that assumption be justified from the
results of the TIMI?

Are the TIMI-results universally applicable?

The TIMI was executed and conducted in the United States of America (USA).
The USA is known for giving a home to a wide variety of cultural origins,
brought together from many countries throughout history (Thompson et al.,
2017), and has developed social and cultural characteristics of its own. The
theory of Multiple Intelligences (Gardner, 1993) does assume that the multiple
intelligences are universal human entities, regardless of culture. A question that
is not sufficiently answered in the TIMI materials is whether the TIMI results are
also assumed to be universally applicable, regardless of cultural background. If
the TIMI results are culturally independent, Dutch children should provide a
similar result when they complete the TIMI.

For one design case, we worked with the TIMI to understand whether the
scenarios described in figure A.1 would work. In the design study in chapter 3,
we asked the children in grade 1 and grade 5 to participate in completing the
TIMI forms. All children in the class completed the forms, not only the chil-
dren that participated in the design activities. In doing so, we can distinguish
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between a small group involved in a design session and the group of children
that represents a class. In the next section, we will describe in more detail the
small study we conducted to explore the added value of the USA-TIMI results in
the MIDMACC framework for design.

A.2 Study setup: Conducting the TIMI in Dutch
primary schools

We describe a case study of the TIMI in the Netherlands with children in grades
one and five. This study examines whether the TIMI can help optimize a design
session with young children.

A.2.1 Participants

This study took place as a part of the study described in chapter 3 in which we
collaborated with three Dutch public schools. Eligible participants in this study
were all children in grade 1 and grade 5. We aimed for at least 30 children
from each grade who participated in the design sessions (the design sessions
reported in the study in chapter 3. All participants were asked to complete the
TIMI (Teele, 1992).

A.2.2 Expected dominant intelligences

The dominant order for the intelligences for children (as described in table A.1in
first grade and fifth grade is summarized in table A.3. If the TIMI describes a
universal order of intelligences, the results from our case study should be similar
to this table.

A.2.3 Protocol

The TIMI was conducted in a classroom setting. We asked the teacher to arrange
the classroom similar to an exam setting to ensure the children completed the
forms individually. In the instructions, we would clarify that this was not a test
but that the inventory required individual results rather than the results of any
combination of children.

The English instructions were translated into Dutch to ensure all children
would comprehend how to interpret the pictures and register their choices. In
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a pilot test, we noticed that it was crucial to instruct the teacher and classroom
assistants carefully and stay strict to the translation. For example, it seemed
convenient to instruct the children to choose the intelligence which matched
them best in the sense they “liked” most. However, we found children selecting
which activity they would prefer to do rather than which activity they actually
did.

For example, if we look at the lower half of figure A.3, some children would
rather play the piano with friends than ponder and reflect by themselves, even
if they do not have access to a piano nor ever play music with friends. In such
a case, we challenged the children to select the activity that matches best with
what they do regularly rather than what they wish to do.

Each child received a copy of the TIMI binder with the panda-bear scenarios
and a separate answer sheet. The score-form asked for demographic data and
the answers to the forced choices. To speed up completing the demographic
data, especially for children in grade 1 who were learning to write, the demo-
graphic data that applied for the whole class (school, date, teacher, and grade)
were completed beforehand.

A.2.4 Collecting and analyzing results

We used the TIMI protocol for analyzing the raw results: For each child, the
score for each intelligences that the child matched with him/herself is registered
on the answer sheet. The children could indicate the best matching picture with
a tick-mark in the corresponding box. The results were then compared with the
cheat sheet included in the TIMI materials. The cheat sheet reveals for each
picture the corresponding intelligence, thus allows to score the number of times
a child associated a picture with his/her behavior.

The four most often selected intelligences are the four dominant intelli-
gences. The frequency scores of the remaining three intelligences are con-
sidered too weak to represent a consistent order of dominance and are therefore
not meaningful to analyze Teele (1992).

The TIMI explains how to analyze the results for each child. It does not
provide instruction on how to analyze a group. To compare the coherence of
the scores, we used Kendall’s W. The absolute frequency scores for the intel-
ligences are not very meaningful for a fair comparison. The most meaningful
aspect of the frequency scores is the resulting order in frequency scores. The
TIMI manual explicitly mentions the importance of the order. However, sub-
sequent frequency scores are not available. To have meaningful results, we
normalized the frequency scores to ranked scores. The TIMI explains how to
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analyze the results for each child. It does not provide instruction on how to
analyze a group. To compare the coherence of the scores, we used Kendall’s
W. The absolute frequency scores for the intelligences are not very meaningful
for a fair comparison. The most meaningful aspect of the frequency scores is
the resulting order in frequency scores. The importance of the order is stressed
in the TIMI manual. However, frequency scores are not displayed beyond the
answer sheet or in the TIMI results’ overviews. We, therefore, normalized the
frequency scores to ranked scores to arrive at meaningful results.

Ranked scores

To normalize the frequency scores per child, we used the following procedure.
There are seven intelligences in the TIMI. Thus ranks will range from 1-7. The
most often selected intelligence will be ranked 7, the least often selected intel-
ligence will be ranked 1. The average rank will rank tied frequency scores for
the ranks occupied by the intelligences. For example, one child submitted the
frequency scores 2,6,3,1,6,3,7 for the intelligences. When ordered by frequency,
the scores are 1,2,3,3,6,6,7. The tied frequency scores are “3” and “6”, which
occupy rank 3 and 4 (the 3’s) and rank 5 and 6 (the 6’s). The average ranked
score for the 3’s is then 3.5 (the average of 3 and 4), and for the 6’s, it is 5.5
(the average of 5 and 6). Thus the line-up of normalized ranked scores for that
child will be 1,2,3.5,3.5,5.5,5.5,7.

Coherence measure by Kendall’s W.

The coherence in children’s ratings for intelligences is validated through test-
retest validation. In this study, we do not have the resources for a retest. There-
fore we will test coherence in the scores. Tests using the standard Pearson
correlation coefficient assume normally distributed values and compare two
sequences of outcomes at a time. In this study, we compare more than two
sequences of outcomes at a time, and probably the distribution for some intelli-
gences will be skewed. Kendall’s W makes no assumptions regarding the nature
of the probability distribution and can handle any number of distinct outcomes.
Therefore Kendall’s W is used for assessing agreement among raters (Siegel et
al., 1988).

Kendall’s W ranges from 0 (no agreement) to 1 (complete agreement). In
the event of tied scores, the value of W can be affected. The effect of ties is to
reduce Kendall’s W. However, the effect is little unless there is a large number of
ties (Siegel et al., 1988). Therefore we set a threshold of 50%; thus, if more than
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half of the children have one or more tied scores for at least two intelligences,
we will use the calculation for Kendall’s W corrected for ties.

H0 =The ratings are independent, meaning that the ratings are NOT
concordant H1 =The ratings are dependent, meaning that the ratings
are concordant

The critical value for Kendall’s W is required to reject one of the hypotheses.
There are two approaches. If the number of items n ≤ 7 we can use the direct
probability from the table of critical values, for n ≥ 7 we can compute χ2 as
χ2 = m(N −1)W and use the table of critical values for χ2 (Siegel et al., 1988).
Since n = 7 we can use both approaches, in this study, we use χ2.

A.2.5 Comparing Profiles

To explore the added value and the usefulness of the TIMI for our MIDMACC
framework, we will make two comparisons. First, we compare the TIMI results
of Dutch first and fifth graders to the TIMI results of American first and fifth
graders to learn more about similarities and differences in the profiles from
both groups. Second, we compare the profiles of the groups that participated in
the design sessions with the profiles of the entire class to learn more about how
the profile of the design participants relates to the profile of the entire group.

A.3 TIMI Results from Dutch children differ from
American children

A.3.1 Participants

The study reported in chapter 3 involved children from three different primary
schools. In two schools, we were allowed to ask the children to complete the
TIMI; in one, we were not. That school explained that the children are tested
rather often, and they wanted to protect their pupils from another activity that
looked like one. The other two schools were optimistic about conducting the
TIMI because it implied inclusiveness. Not every child could participate in the
design study for logistic reasons, but everyone could participate in the TIMI.
The schools felt that, in principle, all children should participate.

In total, sixty-four children in first grade completed the TIMI, from which
twenty-eight also took part in the design study. In total, fifty-five children in
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fifth grade completed the TIMI, from which thirty-four also took part in the
design study.

A.3.2 TIMI is not controlled for order

In first grade and fifth grade, approximately 95% of the children did have tied
scores. We also found that some intelligences were scored eight times, which
seemed odd. With seven intelligences, there are six intelligences to compare.
Thus the maximum score for a dominant intelligence is expected to be six.
We double-checked for errors in the distribution of the TIMI and for errors in
processing the results. Examining the provided cheat sheet revealed that the
TIMI offers two extra choices per intelligence, meaning that some comparisons
between intelligences are offered twice.

A closer examination of the cheat sheet reveals that the design of the TIMI
is not balanced for order. All linguistic intelligences are always offered on the
left side of each choice. The other comparisons are also unbalanced. We do
not know íf there is an influence for order, but if there is, the TIMI does not
compensate for it, nor does it balance a possible influence evenly over all intel-
ligences. To illustrate this issue, we listed the comparisons to the linguistic in-
telligence. It shows how they present to the children, see table A.4. In table A.5
we have summarized all observations of imbalance found in the answer sheet.
Note that the TIMI has balanced the number of times an intelligence appears in
the test; each intelligence appears eight times. Our point here is that the TIMI
does not balance for the number of combinations of intelligences that appear in
the test.

A.3.3 TIMI scores

We processed the normalized, ranked scores for each intelligences as described
in the study setup. The resulting scores are presented in figure A.4 for children
in first grade and in figure A.5 for children in fifth grade. The intelligences
are presented by order of dominance according to the American TIMI for each
grade. If the Dutch children have a profile similar to the American profiles,
then the ranked scores would decline when read from left to right. Instead, the
profile of Dutch children is different for both groups.

In table A.6 we summarize the ratings of the (participating) children in fifth
and first grade to focus on the differences in the order of the intelligences.
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Figure A.4: Dutch TIMI profile for children in First Grade. The blue bubbles show the
average rank for all the children in first grade that completed the TIMI. The
red bubbles show the average rank for the children in first grade that also
participated in the design study (see chapter 3). Each bubble shows the
mean rank for that intelligence. The size of the bubble shows the average
deviance to the mean as a measure for distributing the data. According to
children in first grade in American schools, the intelligences on the x-axis are
ordered by order of dominance (see table A.1). The graph has three insights:
(1) The order of dominance of American and Dutch children in first grade is
different. If the order of dominance of American and Dutch first grade had
been the same, the first four bubbles would have been in declining order
from strongest (left) to weakest (right) dominance. (2) The Dutch children
have a different set of four dominant intelligences. The interpersonal intel-
ligence in Dutch children is more dominant than in American children. (3)
The order of dominance of the children that took part in the design sessions
is different from the order of dominance of all participating children. The
values of the first four blue and red bubbles result in a different order of
dominance.
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A.3.4 Coherence in the ratings by Kendall’s W

To examine the ratings in figure A.4 and A.5 for coherence we calculated W,
Kendall’s coëfficient of concordance (Siegel et al., 1988). Kendall’s W starts
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Figure A.5: Dutch TIMI profile for children in Fifth Grade. The blue bubbles show the
average rank for all the children in fifth grade that completed the TIMI. The
red bubbles show the average rank for the children in fifth grade that also
participated in the design study (see chapter 3). Each bubble shows the
mean rank for that intelligence. The bubble size shows the absolute average
deviance to the mean as a measure for the distribution of the data. Accord-
ing to children in fifth grade in American schools, the first four intelligences
on the x-axis are ordered by order of dominance (see table A.1). The graph
has three insights: (1) The order of dominance of American and Dutch chil-
dren in fifth grade is different. If the order of dominance of American and
Dutch fifth grades had been the same, the first four bubbles would have been
in declining order from strongest (left) to weakest (right) dominance. (2)
Dutch and American children have the same set of dominant intelligences:
the dominance of the first four intelligences is higher than the remaining
three. (3) The order of the dominant intelligences for the children that took
part in the design sessions is not different from the order of dominance of
all participating children. The values of the first four blue and red bubbles
result in the same order of dominance.
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with defining H0 and H1, which are presented below.

H0 =The ratings are independent, meaning that the ratings are NOT
concordant H1 =The ratings are dependent, meaning that the ratings
are concordant

Kendall’s W for the TIMI-scores in first grade

The coefficient of concordance, Kendalls W for the subgroup participating chil-
dren in first grade, corrected for ties, is W= 0.168. With W = 0.168 the value
of χ2 becomes χ2 = m(N − 1)W = 28,210. Using the table of critical values for
α ≤ 0.05 and d f = 6 (N = 7 intelligences means d f = N −1 = 6 degrees of free-
dom) is v = 12.592. The value for χ2 is larger than the critical value v , which
means that we can reject the hypothesis H0 that the raters are independent,
thus that the subgroup participating children is sufficiently coherent.

To understand whether the subgroup participating children was different in
terms of the dominant intelligences, as compared to the entire group of children
in first grade, we also analyzed the entire group of first graders that completed
the TIMI (n=67).

Kendall’s W for the entire group of first-grade children is, corrected for ties,
W = 0,118, which shows a lower coherence between the raters than the group
of participating children. The subsequent chi-square analysis yields a value
of χ2 = 23,448, which is above the critical value v = 12,592 with α ≤ .05 and
d f = 6 which means that we can reject the hypothesis H0 that the raters are
independent.

Thus, both the entire group of children in first grade and the subgroup of
participating children are sufficiently coherent in rating themselves on the in-
ventory of multiple intelligences. Thus, the order of dominant intelligences in
the subgroup of participating children is most probably somewhat different from
the entire group of children in first grade. The significant coherence could imply
that Dutch children in first grade associate themselves with different intelli-
gences than American children in first grade.

Kendall’s W for the TIMI-scores in fifth grade

Thirty-four children in fifth grade completed the TIMI and participated in the
design study (n = 34). The coefficient of concordance, Kendalls W for the par-
ticipating children in grade 5, corrected for ties, is W= 0.301. With W = 0.301
the value of χ2 becomes χ2 = m(N −1)W = 59,5. Using the table of critical values
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for α ≤ 0.05 and d f = 6 (N = 7 intelligences means d f = N − 1 = 6 degrees of
freedom) is v = 12.592. The value for χ2 is larger than the critical value v , which
means that we can reject the hypothesis H0 that the raters are independent.

The entire group that completed the TIMI were fifty-six children in fifth grade
(n = 56). Kendall’s W for the entire group of fifth-grade children is, corrected
for ties, W = 0,355, which shows a higher coherence between the raters than
the group of participating children. The subsequent chi-square analysis yields a
value of χ2 = 70,33, which is above the critical value v = 12,592 with α≤ .05 and
d f = 6, meaning for this group, we can reject the hypothesis H0 that the raters
are independent.

Thus, both the subgroup of participating children and the entire group of
Dutch children in fifth grade are sufficiently coherent in rating themselves on
the inventory of multiple intelligences. Thus the order of dominant intelligences
of both the subgroup of participating children and the entire group of children
are probably the same. The significant coherence could imply that Dutch chil-
dren in fifth grade associate themselves with different intelligences than Amer-
ican children in fifth grade.

A.4 Discussion: The TIMI is not yet fit for use in
the MIDMACC framework

A.4.1 The TIMI needs work before it reaches its potential

The results show that some rather fundamental issues need to be resolved be-
fore the TIMI fits our purpose. The TIMI needs further work from three per-
spectives: from a methodological perspective, from a profiling perspective, and
from the perspective of the MIDMACC framework.

Methodological thoughts on the TIMI

This study learns that there are some methodological issues with the TIMI. On
the most fundamental level, there is the debate of the validity of the theory of
multiple intelligences. We have dealt with that in chapter 2, and we explained
that we interpret the theory of multiple intelligences as a way of thinking that
could inspire designers as it inspired educators. The TIMI raises a similar ques-
tion: if the multiple intelligences are not measurable entities, what does the
TIMI measure?
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The TIMI avoids that question by relying on self-evaluation by children. Nev-
ertheless, the TIMI does require each child to interpret each picture consistent
with the intelligence it represents. In this study, it appears that children some-
times have a different interpretation. For example, some children interpreted
choice 7A and 7B (see figure A.6 as a choice between interpersonal (playing
with friends) vs. intrapersonal (playing alone). The TIMI cheat sheet reveals
that the pictures represent a choice between musical intelligence (playing mu-
sic) versus visual-spatial intelligence (playing with structures).

Figure A.6: Choice 7a vs 7b in the TIMI (Teele, 1992). Some children interpreted choice
7A and 7B as a choice between interpersonal (playing with friends) vs in-
trapersonal (playing alone). The TIMI cheat-sheet reveals that the pictures
actually represent a choice between the musical intelligence (playing music)
vs the visual-spatial intelligence (playing in a three-dimensional space).

It could be that American children interpret the pictures according to the
intended answers, that Dutch children have a different perspective on the world
and thus interpret the pictures differently. It could also be that these issues do
occur with American children but have not yet surfaced because the TIMI cheat
sheet will not help in detecting these different interpretations: children only
need to tick a box for the intelligence of their choice, the tick will not reveal
how they made their decision.

The TIMI would increase in validity if the congruency of the intelligences
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and the picture that represent them increases.
Another remarkable aspect is the order in which the choices are offered. In

the current version of the TIMI, the linguistic intelligence is structurally presen-
ted on the left side (see table A.5, while the bodily-kinesthetic intelligence is
presented left only once (and thus seven times on the right side). That seems
a somewhat arbitrary setup. We do not know whether there is an influence of
order. Still, it is good practice in experimental design to compensate for possible
order effects.

Another interesting finding is that the TIMI offers some choices twice, for
example, between the linguistic and the interpersonal or intrapersonal intel-
ligences (see table A.5). That is a possible confound for the linguistic intel-
ligences, especially with the youngest children who do not have developed a
preference for intra- and interpersonal intelligences. This confound could lead
to an uneven increase in the score for the linguistic intelligence over the other
intelligence. All intelligences but the linguistic appear only once in combina-
tion with the interpersonal and intrapersonal intelligence. Eliminating duplicate
comparisons could resolve this imbalance, thus reducing the number of choices
to 21. Alternatively, each choice could be offered twice, thus expanding the
number of choices to 42.

The TIMI offers seven items (the intelligences) to be compared with ea-
chother in combinations of two. This is a classical problem in algebra of per-
mutations and combinations. The number of unique combinations (C) of n
objects taken r at a time is determined by the following formula:

Cn,r = n!

(n − r )!r !
(A.1)

There are seven intelligences (n = 7) offered in pairs (r = 2), thus there
are C7,2 = 7!/(7− 2)!2! = 21 possible combinations of any 2 intelligences. Thus
the current answer sheet in the TIMI seems to offer an imbalanced number
of choices. To compare each possible pair of intelligences in alternating order
would require 42 items in the test.

Increasing the number of items to 42 could make completion of the TIMI a
daunting task, if not impossible, for the youngest children (e.g., Teele conducted
the TIMI with children as young as in kindergarten). Reducing the TIMI to 21
items would still be a better alternative than the current implementation. For
future use of the TIMI, we recommend using a version that accounts for the
methodological issues.
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profiling perspective on the results of the TIMI

In developmental psychology, there is an ongoing debate about nature and nur-
ture, i.e., the aspects of children’s development that can be attributed to nature
(innate, universal drivers for development and what to nurture (external, en-
vironmental factors). The “nature view” resonates strongly for the development
of for example motor skills (Haywood et al., 2009), cognitive development(for
example Piaget, 1964; Bruner, 1966) and linguistic development (Otto, 2006).

The results show a strong indication that the profile for Dutch children is
different from American children: (1) The logical-mathematical intelligence
does not appear in the top-four dominant intelligences of Dutch children in first
grade, (2) the bodily-kinesthetic intelligence is the most dominant intelligence
of the Dutch first grade (see figure A.4) and (3) Dutch children in fifth grade
have the same dominant intelligences as American children in fifth grade, but
in a different order of dominance (see figure A.5). We can safely assume that
the Dutch children experienced the same methodological issues as American
children and responded in the same way.

The nature view cannot be maintained when looking at the differences in
the dominant intelligences between American and Dutch children. Suppose the
intelligences are not developed primarily by natural drivers. In that case, cul-
tural influences can account for the differences in dominant intelligences, both
locally and nationally. For example, the participating schools were different
(local), and motor development is considered more important in America than
in the Netherlands (national level).

Naturally, the results from this study need further work to come to a national
profile. Our small sample does not represent all Dutch children in first and
fifth grade. Nonetheless, the differences between our results and the American
results are indications that the TIMI needs further development to account for
these differences.

A.4.2 Impact of this TIMI study on the MIDMACC framework

To use the TIMI-profiles in the two scenario’s (see figure A.1 and A.2), we as-
sumed that, based on the test-retest validity of the TIMI (Teele, 2017), the TIMI
would be not only descriptive but also predictive of the intelligence profiles in
each school grade, possibly across countries. This assumption needs revision.
The sample of Dutch children in this study had a different TIMI profile from the
profile of American children, most significant in first grade. Thus, this study sug-
gests that the American TIMI profiles are not very accurate in describing Dutch
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children. Also, the diversity of profiles among Dutch children is large, which
raises the question of how powerful the TIMI is in describing the versatility in
children in general.

If the outcomes of this study are an indication of a representative sample of
Dutch children, then these findings have an impact on the scenarios (see fig-
ure A.1 and A.2). The first scenario would require a TIMI-reference of profiles
for Dutch children. A Dutch TIMI reference would help designers to help choose
a design method that fits Dutch children. The second scenario would require
conducting the TIMI method with the intended target group to find children
that match a design method. For example, when using simulation/roleplay, the
TIMI would help identify children with a dominant bodily-kinesthetic intelli-
gence in a specific school grade. Barendregt et al. (2007), for example, used
a similar approach by selecting children based on personality traits to optimize
the usability testing process.

Another approach is to complement the MIDMACC framework with develop-
mental descriptors supported by stronger psychometric research into pediatrics
than the TIMI. These descriptors should be matching the intelligences, such
as the aforementioned motor skills (Haywood et al., 2009), cognitive devel-
opment(for example Piaget, 1964; Bruner, 1966) and linguistic development
(Otto, 2006). Future work will tell whether that can lead to a practical and
workable MIDMACC framework for designers.

A.5 Conclusion: The TIMI requires further devel-
opment

With this study, we explored the use of the TIMI as proposed in chapter 2:
to find a design method that matches a child’s competency and interest at a
certain age in two scenarios. The study shows that the current version of the
TIMI is not in a solid shape to take this role. On a methodological level, the TIMI
needs improvement to (1) create more balance in the choices given between the
intelligences and (2) avoid possible order effects. A more fundamental aspect
is whether the children associate all the panda-scenarios with the represented
intelligence. Setting the methodological issues aside (as they are equal for both
the American and Dutch children), the MIDMACC framework requires a local
version of the TIMI results. The profiles of Dutch and American children differ
substantially, especially in first grade. Finally, the diversity between children is
high, which raises the question of whether the TIMI can be used to find à priori
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an appropriate method for children at a certain age.
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Four most dominant intelligences, ordered by dominance
Schoolgrade Most dominant... ...Least dominant

American First spatial-
visual

logical-
mathematical

bodily-
kinesthaetic

linguistic

American Fifth spatial-
visual

bodily-
kinesthaetic

interpersonal musical

Table A.3: According to the TIMI (Teele, 2017) the expected top four intelligences,
ordered by dominance for first and fifth grade. If the TIMI describes a univer-
sal order of intelligences, the results from our case study should be similar to
this table.

Comparisons for Linguistic Intelligence

linguistic - visual-spatial
linguistic - logical-mathematical
linguistic - bodily kinesthaetic
linguistic - musical
linguistic - interpersonal
linguistic - intrapersonal

linguistic - interpersonal
linguistic - intrapersonal

Table A.4: An overview of how the forced-choice comparisons for the linguistic intelli-
gences are presented to the children in the TIMI (Teele, 1992). To compare
the linguistic intelligences to every other intelligences once, six choices are
required. The choice between linguistic-interpersonal and linguistic intra-
personal is offered twice. Another observation is that all comparisons with
the linguistic intelligence, the linguistic intelligence is presented on the left
side. The observations regarding order and frequency of the comparison for
each intelligence is summarized in table A.5.
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Intelligence Appears left Duplicate Comparisons Dupl&Order

linguistic 8 intrapersonal interpersonal 2
logic-math 5 spatial musical 1

spatial 3 logical-math bodily-kin 1
musical 5 logical-math bodily-kin

bodily-kin. 1 spatial musical 1
intrapersonal 3 linguistic interpersonal 1
interpersonal 3 linguistic intrapersonal 1

Table A.5: Irregularities in the TIMI-score forms. The intelligences are not evenly distrib-
uted for order (column “Appears left”), offer duplicate comparisons (column
“Duplicate Comparisons”) and offer duplicate comparisons in the same order
(column Dupl&Order)

Four most dominant intelligences, ordered by dominance
Schoolgrade Most dominant... ...Least dominant

Dutch First bodily-
kinesthaetic

interpersonal spatial-
visual

linguistic

Dutch First in design bodily-
kinesthaetic

interpersonal linguistic spatial-
visual

American First spatial-
visual

logical-
mathematical

bodily-
kinesthaetic

linguistic

Dutch Fifth interpersonal bodily-
kinesthaetic

spatial-
visual

musical

Dutch Fifth in design interpersonal bodily-
kinesthaetic

spatial-
visual

musical

American Fifth spatial-
visual

bodily-
kinesthaetic

interpersonal musical

Table A.6: The dominant intelligences of the first- and fifth grade in this study and those
reported in Teele (1996). The intelligences are presented by ranking order
from left to right, starting with the most dominant intelligence.





Appendix B
How-How-questions sheet

In chapter 3 we reported the use of the How-How questions method. The form
on the next page shows an example of the form we used. Children should write
their name on the form. For each design solution (object, action, functionality)
they should write how it should work and how it would work for each actor
(teacher, the device itself, or one of their peers). The questions are numbered,
to allow the children to answer each question in any order and in any frequency
they prefer when explaining how their design solution works.
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Summary

Framing Design Methods for Children’s Creativity

This thesis starts from the premise that children are creative. The research
supports professional designers to incorporate children’s creativity in a design
process by (1) supporting grounded decisions on which activities to execute in
the design process that best facilitate the creative powers of children and (2)
by a better understanding of the creativity of the solutions generated by and
with children. To support the selection of design activities, we developed the
framework of Multiple Intelligences, Design Methods, and Children’s Creativity
(MIDMACC). The MIDMACC framework matches design methods with the skills
required to perform design methods. By framing design methods in terms of re-
quired skills, the framework can help designers identify design methods that
maximize the available design space with children’s skills. We found support
for the hypothesis that the number of skills involved in a design method results
in an ampler number of design solutions. We also concluded that the more skills
involved, the less creative but more workable solutions would span the avail-
able design space. These findings suggest that the design solutions of eight-to-
twelve-year-olds are creative enough to populate a design space and distinguish
between design methods. These findings support professional designers and
researchers in HCI and Research about Design in planning an optimal design
process with children. Future research on the development of the framework
includes children’s developmental milestones and the study into other factors of
impact on creativity, such as the environment in which a design process occurs.





Samenvatting

Framing Design Methods for Children’s Creativity

Dit proefschrift start bij de vooronderstelling dat kinderen creatief zijn. Het
onderzoek ondersteunt professionele ontwerpers wanneer ze de creativiteit van
kinderen willen inzetten in een ontwerpproces door (1) in kaart te brengen
welke activiteiten kinderen het beste ondersteunen in hun creativiteit; en (2)
door beter te begrijpen hoe creatief de oplossingen zijn die met - en door kin-
deren gegenereerd worden. Om ontwerpers te helpen met het kiezen van een
ontwerp-activiteit (een ontwerpmethode) stellen we een raamwerk voor, ge-
baseerd op de theorie van de Meervoudige Intelligenties. Met het raamwerk
willen we in kaart brengen hoe de vaardigheden van kinderen, ontwerpmetho-
des en de creatieve waarde van de uitkomsten van die methodes samenhangen.
Met het raamwerk kan een ontwerper de activiteiten uitkiezen waarmee de ont-
werpruimte gemaximaliseerd kan worden, gebaseerd op de vaardigheden van
kinderen. De onderzoeken ondersteunen de hypothese dat hoe meer verschil-
lende vaardigheden een methode vraagt van kinderen, hoe meer oplossingen
kinderen bedenken. We kunnen ook concluderen dat hoe meer vaardigheden
gevraagd worden, hoe werkbaarder de oplossingen zijn waarmee kinderen ko-
men. Deze bevindingen suggereren dat de oplossingen van 8-12 jarigen creatief
genoeg zijn om een ontwerpruimte te vullen met oplossingen en dat de cre-
ativiteit van hun ideeën verschillend genoeg is om tussen ontwerpmethodes
onderscheid te kunnen maken. Om het raamwerk verder te ontwikkelen is on-
derzoek nodig naar een goede koppeling tussen de ontwikkeling van kinderen
en de gevraagde vaardigheden in het raamwerk; en naar andere factoren die
van invloed zijn op creativiteit, zoals de omgeving waarin een ontwerpproces
plaatsvindt.
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