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Chapter 1| Introduction

1.1 INTRODUCTION

Not many aspects of human cognition are more intriguing or mystifying than creativity. It could
be argued that it is the highest level of our cognitive abilities and that all of humanity's
advances have been accomplished through it. Creativity is sought after and treasured in
numerous domains. Also within the realm of primary education, creativity is progressively seen
as a skill of great value. It is an integral part of the so-called 21st-century skills, identified as
those skills future generations need to deal with the challenges of a world growing in
complexity and interdependence (Van Graft et al., 2014). This defined set of skills takes a central
position in various educational contexts, also within primary education (Thijs, Fisser, & van der
Hoeven, 2014). Schools want to foster creativity in their classrooms, but often have difficulty
implementing creativity in their curriculum and harnessing the creative talent of their pupils
(McLellan & Nicholl, 2013). Luckily, design-related subjects can offer opportunities to encourage
and develop pupils' creative abilities (Klapwijk, 2017; Lewis, 2005, 2009; Rutland & Barlex, 2008).

Designing is an inherently creative activity (Goldschmidt, 2014; Rutland & Barlex, 2008).
Working on authentic design challenges confronts pupils with ill-structured open-ended
problems for which no single 'right' answer or formula exists (Dorst, 2003; Lewis, 2005).
Consequently, they will need to think and act creatively to design a valuable solution (Dorst &
Cross, 2001; Lewis, 2009). One can think, for example, of the participation of primary schools in
real-life co-design projects. In these types of projects, pupils often participate as experts by
experience to help solve issues from clients and other stakeholders. Here, pupils generally work
collaboratively in teams to explore the problem, generate ideas, and develop promising
solution directions. Communication moments with the clients and other stakeholders are
crucial and used to share their progress and receive feedback. Through these feedback
moments, pupils are encouraged to evaluate the state of their design and generate avenues for
further development. When implemented well, these types of projects can create a win-win
situation in which the clients end up with valuable insights and ideas, while pupils are
encouraged to develop a wide range of knowledge and skills (Hokanson, 2012).

Even though designing can bring many creative opportunities to the classroom, care
needs to be put into its implementation and execution. There are various obstacles that can
inhibit pupils from behaving creatively while designing. A key issue is the occurrence of a type of
design fixation, which creates an (unconscious) adherence to the current state of their design
(Jansson & Smith, 1991; McLellan & Nicholl, 2009; Nicholl & McLellan, 2007a; Purcell & Gero,
1996). This adherence is generally unfavourable, as it stagnates the pupils’ creative processes
and hampers the development of the design. In this dissertation, a start is made to tackle this
issue of design fixation in the context of primary education. To further illustrate this issue, we
give an example from one of the first studies of this research project. This study was done on a
case encompassing a real-life co-design project in which primary school pupils helped design
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'the gymnasium of the future'. During one of the design sessions, the following conversation
took place between a design team of four pupils and a facilitator:

Pupil 1: What if we make it (the gym) dark?

Pupil 2: That's impossible; the lights go on when you enter the gym.
Facilitator: Well, I'm sure we could turn off the lights.

Pupil 2: it is still too light because of the window.

Facilitator: We could cover the windows.

Pupil 1: Then it is too dark, children won't be able to see, that is dangerous.

The dialogue starts with pupil 1 proposing an adjustment to the current design idea of the
design team, with the intention of making it more interesting for the players. This proposal is
swiftly turned down by pupil 2, who does not appear that open to making any alterations.
Following this interaction, the facilitator tries to prompt further development of the design idea
by proposing several alternative solutions. However, the design team did not recognise the
same design possibilities as the facilitator. At the end of the dialogue, even pupil 1, who
suggested the initial adjustment, rejects it altogether. The example illustrates how the pupils
parry any proposed alterations, thereby maintaining the current state of their design idea.
Through this behaviour, the pupils avoid critically evaluating their design, thereby hampering
its creative development. Ideally, a designer intentionally works on discovering shortcomings to
generate then solutions that lead to iterations of the design to end up with ‘the best defensible
compromise’ (Keirl, 2017).

The type of design fixation illustrated by the example is common in various creative
and educational contexts (Finke et al., 1992; Luo, 2015; McLellan & Nicholl, 2009; Nicholl &
McLellan, 2007a). When putting time, effort, and attention into creating something, it can
become challenging to remain objective towards its quality (Baer & Brown, 2012b). Although it
can be useful to be persistent in creative processes and hold on to what you believe, it is
essential also to be aware of the possibility of being misdirected and showcase openness to
opposing and alternative views (Crilly, 2015; Csikszentmihalyi, 1999). Design education can
provide opportunities for pupils to practice this type of openness, thereby supporting them in
mitigating their fixation, for example, through the feedback exchanges with clients, other
stakeholders, educators, or their peers. Although opportunities are present, what this support
could be and how it could be implemented in practice needs to be explored. This dissertation
aims to create understanding and practical know-how on nurturing pupils' creative skills
through design.
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1.2 LITERATURE REVIEW

1.2.1 Defining creativity

What do we mean by 'creativity' in this dissertation? Creativity is often defined as the ability to
produce an output that is both novel and useful (Amabile, 1996; Cropley & Cropley, 2010;
Guilford, 1967). In this definition, novel can be considered synonymous with original, and useful
means that what is produced is relevant to the situation at hand. The combination of both
elements is crucial for creative output. If something is novel and not useful, it is often merely
viewed as weird. While if something is useful and not novel, it is generally considered generic
and unremarkable. How creative something is thought to be, depends on many contextual
factors. After all, what one person regards as creative, might not be considered as such by
someone else.

Often a general distinction is made between big-C and little-C creativity (Craft, 2002;
Richards, 2010; Simonton, 2010). Big-C creativity generates the type of output that is world-
changing. It is rare and only reserved for a few special people among us. Think of the scientific
breakthroughs of Einstein or the paintings by Van Gogh. Little-C creativity generates the type of
output that enriches our lives on a regular basis. It is the everyday creativity we all get to create
and experience. For example, thinking of small hacks that improve a daily routine or creating a
wooden birdhouse for the garden. In this dissertation, the focus will lie on little-c creativity
(henceforth creativity), as it is this type of creativity that primary school pupils come into
contact with when starting to design. By generating and making things that, first of all, are
original and purposeful in their eyes (and that of their teacher and perhaps client), pupils will
steadily stimulate and develop their creative abilities.

1.2.2 Creativity in design processes

As stated in the introduction, designing is an inherently creative activity (Goldschmidt, 2014;
Rutland & Barlex, 2008). A driving force behind a designer's creative actions can be considered
their creative thinking processes. There appears to be a general consensus within the literature
on creative cognition that creative thinking processes (in design) can be divided into two main
modes of thought: divergent (DT) and convergent (CT) thinking (Finke et al., 1992; Goldschmidt,
2014, 2016; Howard-Jones, 2002). DT entails the generation of new thoughts and ideas, and is
therefore generative in nature. CT entails the reflection and evaluation of these generated or
previously existing thoughts and ideas, and is therefore evaluative in nature (Finke et al., 1992;
Goldschmidt, 2014; Sowden et al., 2015).

According to the dual-process theories of creative cognition, continuous shifting
between both modes of thinking is needed when working towards creative solutions (Finke et
al., 1992; Howard et al., 2008; Sowden et al., 2015). When designing, this continuous alternation
between DT and CT leads to the development of an initial design idea into a final design that
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solves the problem at hand and adheres to any predefined criteria. During this development
process, convergent thoughts help uncover strong points within the design, as well as various
shortcomings and sub-problems. Divergent thoughts aid the generation of new additions and
alterations, which are also needed to help solve the uncovered issues (Cardoso et al., 2014; Oh
et al., 2013; Yilmaz & Daly, 2016).

Within a design process, this process of development takes place right after any
brainstorming and idea selection activities, when the initial design idea is chosen, and the focus
lies on perfecting promising option(s) to end up with the best design possible. Tassoul (2009)
refers to this phase as the 'concept development stage'. This stage encapsulates physical
developments such as testing of material or construction of mechanisms, as well as mental
developments such as the conceptual development and creation and development of
overarching processes. The term "prototyping' might also be used for this stage of the design
process. However, the conscious decision was made not to use that term in this dissertation, as
the association with prototyping is generally more focused on the physical developments of a
design. In this work, we want to pay explicit attention to the mental developments that take
place.

1.2.3 Creativity meets fixation

Ideally, pupils engaging in design activities would display a continuous array of divergent and
convergent actions. However, even though designing is a creative activity, this does not mean
pupils will automatically behave creatively (contrary to popular belief). These difficulties in
practice are acknowledged on various educational levels and can be attributed to a wide range
of (interdependent) causes. This dissertation focuses on the occurrence of design fixation, a
common factor hindering pupils' creative thinking processes while participating in design
activities (McLellan & Nicholl, 2009; Nicholl & McLellan, 2007; Nicholl & McLellan, 2007, 2008).

Although fixation had been studied previously within the cognitive sciences, for
example by Duncker (1945), it was not until 1991 that fixation generated attention in the context
of design processes. Design fixation was first researched by Jansson and Smith (1991) and
defined as "a blind, and sometimes counterproductive, adherence to a limited set of ideas in
the design process”. Purcell and Gero (1996) added the aspect of premature commitment to a
particular problem solution to this definition. In their words: "...the designer appears trapped
by the characteristics of a possible solution that has been developed or an existing precedent
solution" (Purcell & Gero, 1996). In short, design fixation can be described as a sort of mental
block (Finke et al., 1992), inhibiting a designer from successfully moving forward in their creative
process.

11
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Currently, we can roughly distinguish between two types of design fixation occurring at
different moments in the design process. Firstly, there is the occurrence of design fixation within
the ideation phase of the design process (Crilly & Cardoso, 2016). This type of fixation is
researched most extensively and often focuses on the effect different types of external
examples and stimuli can have on designers' idea generation (Jansson & Smith, 1991; Linsey et
al., 2010; Vasconcelos & Crilly, 2016). It is commonly identified through the level of conformity
the generated ideas have to the stimuli that were shown. In the classroom, this type of fixation
becomes visible through stereotypical designs with strong likenesses to teacher examples or
references from popular culture (McLellan & Nicholl, 2009, 2013; Nicholl & McLellan, 2007a).

Secondly, we distinguished another type of fixation within this research that occurs
later in the design process during concept development. This type of fixation entails a
designer's "...(unconscious) adherence to the current (possibly unfavourable) state of the
design (idea)" (Schut, Klapwijk, Gielen, van Doorn, et al., 2019). Its occurrence hampers the
development of a design (idea), as (sub)problems are easily overlooked, and requirements are
sooner thought to be already embodied within the design. In the classroom, this becomes
visible through pupils' fixation on one of their early generated ideas for which they already
worked out how to proceed and their reluctance to change, modify, or develop this idea
(McLellan & Nicholl, 2009; Nicholl & McLellan, 2007a). This fixation hampers pupils' creative
thinking processes, as the constructed image of the final design - the exact image of how the
design will look and function - prevents them from further developing their idea.

Even though concept fixation is a pervasive obstacle within design education, no real
strategies are available for teachers to help pupils avoid or overcome this type of fixation while
designing. This pervasiveness is partly due to the lack of research on this specific type of design
fixation and, we argue, how it is generally identified. Currently, design fixation is identified by
analysing and comparing the design ideas and produced artefacts at the end of a design
process (Sio et al., 2015; Vasconcelos & Crilly, 2016). However, knowing that design fixation has
occurred at the end of design projects is not directly helpful in supporting pupils during their
design process. From a pedagogical viewpoint, there is a need to make design fixation visible
while designing since this would allow pupils to avoid or overcome this hurdle during the
project. Thus, teachers and pupils need to be able to collect evidence and diagnose whether
there are any occurrences of design fixation as early as possible.

Following recent developments in (design) education literature, feedback exchanges
that take place within the classroom can provide opportunities for the early identification of
this type of design fixation (Cardoso et al., 2014; Fox-Turnbull, 2016, 2018; Yilmaz & Daly, 2016).
Additionally, design feedback appears to be a promising avenue to explore ways of supporting
pupils in mitigating this type of fixation (Cardoso et al., 2014, 2016; Yilmaz & Daly, 2016). After all,
creative design processes do not happen in a vacuum. In an educational setting, the designing
pupils generally have various exchanges with their peers, teachers, clients, users, and other

12
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stakeholders. During these exchanges, questions and comments on the state of the design are
shared, which influence the next steps pupils’ take in their design process. In other words, the
feedback shared with the pupils can influence the divergent and convergent directions they
might take to develop their design. This potential influence on pupils’ creative thinking provides
opportunities for reducing design fixation.

Even though design feedback can provide opportunities, this is not a given. Within
general education, it is well recognised that feedback exchanges can play an essential role in
learning when guided in a constructive manner (Colfer, 2017; Mercer & Littleton, 2014). However,
it is well known that design feedback is not always shared constructively and does not
automatically benefit novice designers' creative thinking processes (Anthony, 1991; Cardoso et
al., 2014; Yilmaz & Daly, 2016). This issue brings us to the question of what is needed to create a
context in which design feedback could help overcome design fixation. And specifically, what is
needed and how this could be implemented the context of primary education.

1.3 RESEARCH AIM AND QUESTION

In this dissertation, we aim to understand the interplay between design feedback and pupils'
creative thinking processes to develop and test feedback interventions that stimulate these
thinking processes and thereby help mitigate pupils' design fixation. In line with the
aforementioned aim, the following main research question was formulated:

Which qualities of design feedback processes stimulate pupils' creative thinking and mitigate their
design fixation in the concept development stage of the design process?

To answer the main research question, four sub-questions are formulated. Sub-question 1 and
2 are focussed on gaining an understanding of the occurrence of design fixation within
unguided design feedback exchanges between the designing pupils, their peers, and the clients.
The goal was to make a diagnosis of the unguided situation and uncover critical problems that
hamper the pupils' creative thinking processes and could be tackled through the creation of an
intervention. Building on this new information, the third and fourth sub-questions focus on
developing a peer feedback intervention to encourage pupils' creative thinking processes and
testing this in practice.

13
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Sub-questions:

1. What are early indicators of design fixation within pupils' design feedback exchanges,
and how can they be identified?

2. What is the convergent and divergent nature of the design feedback given by the client
and peers, and what are the pupils' direct responses in an unquided design feedback
situation?

3. Inwhat way does the peer feedback intervention influence the convergent and divergent
nature of the design feedback given by the clients and peers and the concurrent direct
responses of the pupils?

4. In what way does the peer feedback intervention enable pupils in their process of design
feedback uptake?

Sub-question 1 aims to uncover ways in which pupils' design fixation could be
identified during their design process, instead of in hindsight. This early identification was done
through the analysis of the unguided design feedback exchanges that take place within the
classroom. Sub-question 2 aims to further understand the occurrence of pupils' design fixation
by looking in more detail at unguided design feedback exchanges. To gain this understanding,
the divergent or convergent nature of the design feedback given by the client and peers was
identified and compared to the different types of concurrent responses of the pupils. The goal
was to gain insight into the interplay between design feedback and direct responses to
diagnose factors hindering pupils' creative thinking. Special attention was given to those
exchanges in which design fixation is present. Sub-question 3 aims to understand how the
intervention shaped the divergent or convergent nature of the design feedback given by the
clients and peers, and the concurrent responses of the pupils. Again, the goal was to gain
insight into the interplay between design feedback and direct responses to uncover possible
successes and obstacles for pupils' creative thinking linked to the principles behind the
intervention. Finally, sub-question 4 aims to understand how the intervention could support the
pupils beyond their initial direct responses and enable their process of feedback uptake.

1.4 RESEARCH DESIGN

To answer the research questions, we implemented an educational design research approach
consisting of a series of three cases and four studies over the course of three years (Bakker, 2018;
Yin, 2014). Design research in education includes the design of interventions and materials for a
specific educational context, testing these in a naturalistic setting, analysing the results, and
creating new theoretical insights (Bakker, 2018). It generally has an iterative approach, in which
the designed interventions and materials go through one or more development rounds based
on the analysis results. Since the research topic is novel within the context of primary education,
there is little pre-existing knowledge and experience to build upon. Therefore, qualitative
methods were used, enabling us to 'look inside the black box' and understand how, why and

14
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when things happened and worked (Bakker, 2018). Additionally, contrasting cases were created
to provide robust analytical and theoretical generalizability (Robson & McCartan, 2015).

Lastly, it is relevant to add that this dissertation was part of a larger research project
named ‘Co-Design with Kids: Early mastering of 21" century skills’. This project focussed on the
successes and obstacles of developing three key 21° century skills - empathy, creativity, and
communication - through design activities. As a result, the scientific, educational, and industry
partners developed a toolbox together to support ways of conducting (co-)design sessions with
primary school pupils.

1.4.1 Participants & Setting

The cases took place at three different primary schools in The Netherlands. The selection of
schools was based on their general interest in design and technology education, specific
interest in the research project, and offering favourable research environments. The
participating schools all had an interest in improving their design and technology education
and some experience with inquiry-based learning. In addition, they had a specific interest in the
research project, which meant they supported the researchers where possible with the
implementation of the interventions and gathering of research data. This interest and support
from the schools created favourable conditions for the execution of the case studies, as it
ensured support from the teachers within the classrooms and a dedication of resources. From
each school, one class of pupils (ages 7-12) participated in a case. The pupils participated in
authentic learning situations, where they became co-designers to help solve real-life design
challenges introduced by real clients. Each case had its own design challenge and
corresponding clients, who were also partners in the research project. The choice of clients and
design challenges was predetermined due to their partnership within the overarching research
project.

To complete each design challenge, the pupils were guided through the entire design
cycle in a series of design sessions by researchers of the project. The design activities in the
sessions were based on tools and methods from the CPS tradition (Isaksen et al., 2010; Tassoul,
2009) and design tools from the Delft Design Guide (Van Boeijen et al., 2013). Next to this, the
newly developed research interventions were included, of which a peer feedback intervention is
a focal point within this dissertation. Currently, the tools used and developed in the design
sessions can be found on the following websites: www.tudelft.nl/codesignkids (English version)
and www tudelft.nl/yourturn (Dutch version)

1.4.2 Overview case-studies

Figure 1 gives a visual overview of the cases and studies. Table 1 provides more detailed
information on the cases in terms of participants, clients, and design challenge. The first case
served as a problem exploration, which corresponds with the first and second sub-question.
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This case aimed to identify early indicators of design fixation within design feedback exchanges
and gain insight into the interplay with the preceding feedback. Two studies were done on this
first case, of which the results fed into the design of the first version of a peer feedback
intervention. Next, this intervention (11, see Figure 1) was implemented in the second and third
cases, on which two overarching studies were done. These studies correspond with the third
and fourth sub-question. A design iteration of the intervention was done based on an initial
analysis of the second case to make grounded improvements for the third case (12, see Figure 1).
These two cases and studies aimed to develop, test, and improve a peer feedback intervention
that can help mitigate pupils' design fixation and stimulate their creative thinking.

P ‘ﬂ@ﬂ” _

Casel Case 2 Case 3

Figure 1: Overview of the cases and studies in this dissertation
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Table 1 Overview of the participants, client, and design challenge per case

Case 1l Case 2 Case3
Education Theme-based Montessori Dalton
type education
Participants School class of 24 School class of 27 School class of 27
pupils (age 9-11) pupils (age 8-12) pupils (age 7-11)
Client HALO sports Jantje Beton Wilhelmina
academy, The Hague | A Dutch NGO which Kinderziekenhuis
University of Applied | promotes outdoor A Dutch children’s
Sciences activities and play. hospital.
Design Gymnasium of the Outdoor education- | Wellbeing of long-term
challenge future — Design a Design something hospitalized children -

game, lesson, or
sports equipment
that enables pupils
with different
participation motives
to be active together.

that enables regular
indoor classes
(calculus, language,
geography, etc.) to
be taught outdoors.

Design something for
the park of the hospital
that enables
hospitalized and non-
hospitalized children to
play and be active
together.

1.5 Structure of the Dissertation

As described, this dissertation aims at understanding the interplay between design feedback
and pupils' creative thinking processes to develop and test feedback interventions that
stimulate these thinking processes and help mitigate pupils' design fixation. Through the
execution of three cases and four studies (see Figure 1), the main research question - Which
qualities of design feedback processes stimulate pupils' creative thinking and mitigate their
design fixation in the concept development stage of the design process? - is answered.

The first two chapters focus on understanding the issue at hand. Chapter 2 presents
the results of the first study on the first case, which addresses the first sub-question: What are
early indicators of design fixation within pupils' design feedback exchanges, and how can they be
identified? This study dives into the occurrence of design fixation during the concept
development stage of primary pupils' design processes. Although the occurrence of design
fixation is commonplace, its identification mainly happens when a design project is finished.
This late identification leaves a lot of teaching and learning opportunities unused. In this study,
early means of identifying design fixation are uncovered through the responses of the designing
pupils in the feedback exchanges with their client, peers, and facilitators.

17
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Chapter 3 aims to further understand the occurrence of pupils' design fixation by
looking in more detail at these unguided design feedback exchanges. It presents the results of
the second study on the first case, which addresses the second sub-question: What is the
convergent and divergent nature of the design feedback given by the client and peers and what
are the pupils' direct responses in an unquided design feedback situation? The goal was to gain
insight into the interplay between different types of design feedback and pupils' direct
responses to diagnose factors hindering pupils' creative thinking. Special attention was given to
those exchanges in which responses indicating design fixation were present.

The following two chapters report on the development of a peer feedback intervention
and its testing in practice. The goal of the intervention was to guide the design feedback
processes in a way that stimulates pupils' creative thinking and helps mitigate their fixation.
Chapter 4 presents the results of the third study on the second and third cases, which addresses
the third sub-question: In what way does the peer feedback intervention influence the convergent
and divergent nature of the design feedback given by the clients and peers and the concurrent
direct responses of the pupils? It aims to understand how the intervention shaped the divergent
or convergent nature of the design feedback given by the clients and peers, and the concurrent
responses of the pupils. Chapter 5 presents the results of the fourth study on the second and
third case, which addresses the fourth sub-question: In what way does the peer feedback
intervention enable pupils in their process of design feedback uptake. It aims to understand in
what way the intervention was able to support the pupils beyond their initial direct responses
and enable their process of feedback uptake.

Finally, Chapter 6 summarises the main findings of Chapters 2to 5 and provides a general
discussion about the results, limitations and future research opportunities, and practical
implications of the results.

We want to notify the reader that there will be a certain level of overlap in the introductions,
literature reviews, and research designs of Chapters 2 through 5. This overlap is due to the article-
based nature of this dissertation and the wish to have the studies in these chapters be
independently readable.,
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This chapter is based on: Schut, A., Klapwijk, R., Gielen, M., Van Doorn, F., De Vries, M. J.
Uncovering early indicators of fixation during the concept development stage of children’s
design processes. int J Technol Des Educ 30, 951-972 (2020). https://doi.org/10.1007/510798-
019-09528-2

2.1 INTRODUCTION

In the world we live today, being able to behave creatively is progressively seen as a skill of great
value. As introduced in the previous chapter, it is therefore no surprise that creativity is gaining
more and more attention within all educational levels, and primary education is no exception.
Although often believed that creativity is something a lucky few among us just inherently
possess, it can be, to some extent, found in everyone (Guilford, 1987). Additionally, evidence
suggests that it can be trained (Scott et al., 2004). Designing and is an undoubtedly creative
activity (Barlex, 2007; Goldschmidt, 2014; Howard et al., 2007), and it therefore offers excellent
opportunities for pupils to develop their creative abilities (Lewis, 2005, 2009; Rutland & Barlex,
2008). However, research has also shown that behaving creatively is not always easy for pupils.
This is due to various external reasons, such as the available teaching methods, teacher beliefs
(Cropley & Cropley, 2010; Thijs, Fisser, & Hoeven van der, 2014) and examination requirements
(Greven & Letschert, 2006), as well as internal reasons, such as pupils’ personality and their
cognitive abilities (Atkinson, 2000; Lewis, 2005).

Another contributing factor is the occurrence of design fixation - a sort of block in
creative thinking processes - in pupils participating in design classes (McLellan & Nicholl, 2009;
Nicholl & McLellan, 2008; Nicholl & McLellan, 2007). It shows that behaving creatively doesn’t
always come naturally to children and that the context is of influence on the development of
creative thinking (Cropley & Urban, 2000). There is a need for research that focuses on how
pupils can develop their creative abilities through design-related subjects and how they can
best be guided during this process. An essential part of this is to investigate the problem of
design fixation in pupils, which will be the focus of this chapter.

When working towards a creative output, creative thinking processes play an essential
role. Creative thinking involves the continuous shifting between two cognitive processes:
divergent (DT) and convergent (CT) thinking (Finke et al,, 1992; Goldschmidt, 2014, 2016).
Ideation and evaluation will follow each other continuously. When designing, these two modes
of thinking are needed throughout the whole process. Design fixation, commonly known as the
blind adherence to a limited set of ideas (Jansson & Smith, 1991), may however occur and
hamper the continuous cycles of divergent and convergent thinking. A great body of literature
describes how designers often have great difficulty to avoid or overcome design fixation, and a
few studies identified this problem also in secondary education (MclLellan & Nicholl, 2009;
Nicholl & McLellan, 2007). Ultimately, the occurrence of design fixation results in less creative
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and less complete designs, e.g. not all the design criteria or needs of the user and context have
been met.

Design fixation is commonly identified by analysing design ideas and produced artefacts
(Sio et al., 2015; Vasconcelos & Crilly, 2016). In the classroom, design fixation has for example
been identified by teachers at the end of a design project through ‘stereotypical’ designs that
are made by the pupils (Nicholl & Mclellan, 2008; Nicholl & McLellan, 2007). However, knowing
that design fixation has occurred at the end of design projects is usually not helpful in moving
novice designers forward. From a pedagogical viewpoint, there is a need to make design
fixation visible during the design process. As this would give pupils an opportunity to overcome
a creative hurdle in the specific design project at hand. In addition, the increased
understanding of their own fixation will also help them to strengthen their creative thinking in
the long run.

In this chapter we will therefore look for ways to identify fixation in the design process,
through other methods than analysing the design outputs at the end of a design project. When
designing in teams, talk is used as one of the main principles in constructing and developing
design ideas. Through talk, a shared understanding of a design idea can be reached and
agreements and compromises can be made (Fox-Turnbull, 2018). Therefore, the conversations
held while designing may offer opportunities for the identification of design fixation. In the
study presented here, we observed a group of primary school pupils {(ages 9-11) carrying out a
design project. We will take a closer look at the conversations that took place between the
pupils, their peers, and the client to identify the fixation moments. We are especially interested
in the occurrence of fixation when design ideas get developed during the later stages of their
design processes.

2.2 Literature review

In this section, we elaborate on creative thinking in the context of the concept development
stage and address problems that may arise. First, we discuss the role of DT and CT during the
concept development stage of the design process. Subsequently, a common factor stagnating
creative thinking when designing, design fixation, is explained in the context of concept
development and D&T education.

2.2.1 Creative thinking during concept development

Throughout the whole design process there is a continuous shifting between divergent (DT) and
convergent (CT) thinking, through which ideation and evaluation follow each other
continuously (Finke et al., 1992; Goldschmidt, 2014, 2016; Isaksen et al., 2010; Tassoul, 2009).
The terms ‘DT and ‘CT’ were first mentioned by Guilford in the 1950s (Guilford, 1956, 1962). DT
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entails the generation of novelty, which is commonly thought to go hand in hand with the
ability to see lots of possible answers and interpretations to a problem or issue. CT entails the
evaluation of this novelty, which deals with analysing and selecting the ‘best’ answer to a
problem or issue. As the ability to separate and alternate between DT and CT is considered
extremely valuable when developing creative solutions (Guilford, 1967, Howard-Jones, 2002;
Isaksen et al., 2010; Tassoul, 2009), it is important for pupils to practice this continuous
alternation throughout the whole design process.

In the Creative Problem Solving (CPS) tradition idea development is explained as the
stage in which an initial idea is selected and the focus lies on perfecting promising option(s) in
order to end up with the best design possible (Isaksen et al., 2010; Tassoul, 2009). Figure 2
shows Tassoul’s adaptation of the CPS model in which this idea development is part of the last
stage, named: ‘Concept Development’. Usually, the idea that is initially selected does not have
much detail yet, and not all criteria of the design problem at hand are covered. Further
elaboration is needed. In addition, there can be unforeseen shortcomings within the idea that
only come to light later in the design process. To identify these various sub-problems critical
reflection and evaluation (CT) of the design idea is needed. When designers work on these sub-
problems they need new input in the form of ideas (DT) and this, in turn, leads to the selection
of one of these ideas (CT) to solve the sub-problem at hand. If too many unsolvable sub-
problems arise, the decision can be made to reject the idea and start over, or merge elements
of the idea with another idea.

Tassoul acknowledges the equal importance of DT and CT, and the necessity of the
alternation between the two in order to fully develop ideas (Tassoul, 2009). The importance of
these iterative processes are made visible by three spiralling lines in the model (see Figure 2). As
the number of alternations of DT and CT increase, the design process becomes more
sophisticated (Mioduser & Kipperman, 2002). Ideally, design ideas keep on developing and
continuously improving in order to manifest into the ultimate design, which embodies all the
desired design requirements. Here we focus on the concept development stage to gain insight
into one of the hurdles in pupils’ creative thinking when they develop their design ideas, namely
design fixation.
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Figure 2 The Creative Problem Solving (CPS) model (Tassoul, 2009)

2.2.2 Design fixation

The repeated alternation of DT and CT during the concept development stage is not without
effort and can be easily stagnated by many factors. One of the factors hampering this
alternation in the creative thinking processes is the occurrence of ‘fixation’. In its most broad
definition fixation can be described as a sort of mental block (Finke et al., 1992). It is a very
common phenomenon which is not only limited to creative processes, but can occur in a wide
variety of cognitive domains (Finke et al., 1992). Its occurrence in creative processes has been,
and still is, researched quite extensively. Predominantly in relation to creative idea generation
(Crilly & Cardoso, 2016; Smith et al., 1993). One of the first well-known examples of fixation
stems from research into creative problem-solving within the domain of psychology and is that
of Duncker’s candle problem (Duncker, 1945). In the candle problem, subjects are expected to
attach a candle to a vertical surface and light it without letting wax drip on the table surface by
making use of a box of tacks and a book of matches. Fixation, or here called functional
fixedness, is then observed through the inability of the subjects to produce alternate functions
for the given objects in order to solve the problem.
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Jansson and Smith (1991) were the first to conduct research into the fixation in the
domain of engineering and design, in which they tested the effects of examples on creative idea
generation. Their results showed that the examples shown to the subjects induced conformity
within their designs. The fixated mindset of the subjects constrained their creative idea
generation. Even when they were specifically told to diverge as much from the examples as
possible the fixation effect persisted. Additionally, one version of their experiment showed that
even experienced designers fixate on attributes in the example designs, despite their clear
undesirableness. Jansson and Smith refer to design fixation as “a blind, and sometimes
counterproductive, adherence to a limited set of ideas in the design process” (Jansson & Smith,
1991). Purcell and Gero (1996) also note the aspect of premature commitment to a particular
problem solution: “.. .the designer appears trapped by the characteristics of a possible solution
that has been developed or an existing precedent solution”. There are a number of causes that
can contribute to the emerging of design fixation: example solutions, inspirational material, ill-
defined problems, expertise or unfamiliarity with certain domain knowledge, previously
generated ideas, feelings of ownership and it appears that even the will to be ‘different’ can
cause design fixation (Jansson & Smith, 1991; Moreno et al., 2015; Purcell & Gero, 1996; Smith,
2003).

Most research on design fixation focuses on the idea generation phase in the early
stages of the design process. Specifically, the influence of external stimuli on creative idea
generation, like example solutions and inspirational material, has been researched rather
extensively. A literature review focussing on this type of design fixation by Vasconcelos and
Crilly (2016), in which they highlight the similarities and differences between the different
studies and suggest several recommendations, gives a good overview of its current state of the
field (Vasconcelos & Crilly, 2016). In a report summarizing the results from an international
workshop focussed on the future of design fixation research, Crilly and Cardoso (2016) even
propose a specific name for fixation on idea generation in the earlier phases, namely ‘ideation
fixation’. Further, they suggest several opportunities for future research, one of which is the
occurrence of design fixation during later stages of the design process (Crilly & Cardoso, 2016).
Next section will introduce design fixation in relation to concept development.

2.2.3 Concept fixation

Design fixation can also occur during the concept development stage of a design process. To
clarify the difference between this type of fixation in relation to fixation in the idea generation
phase, we propose the term ‘concept fixation’ to indicate this type of fixation. Concept fixation
leaves the designer stuck in a certain train of thought, adhering to the current (possibly
unfavourable) state of the design (idea). This adherence can range from small details to key
features and components. Through it (sub)problems within the are idea easily overlooked and
requirements are sooner thought to be already embodied within the design. Consequentially,
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success in developing a design idea then depends on one’s ability to abandon this train of
thought and generate alternative ones (Smith, 1995). Only then the continuous alternation
between DT and CT can continue through which an idea can be adjusted and elaborated on in
order to embody all the design requirements and fully solve the problem at hand.

2.2.4 Fixation in young novice designers

In the context of design and technology education, design fixation is mainly researched in the
design processes of university students. Yet there are examples of research into the occurrence
of design fixation in secondary and primary education settings. Rather well-known is the work
of Nicholl and McLellan, who researched the phenomenon of design fixation in secondary
design and technology (D&T) students (ages 11-16). In their research, it was acknowledged by
students and teachers alike that generating original ideas is difficult for the students. Many of
the generated design ideas are derived from popular culture or examples shown by the teacher,
since this is an easily accessible source of inspiration for them (MclLellan & Nicholl, 2009; Nicholl
& McLellan, 2007b). As a result, many of the designs became stereotypical in nature, showing
the ideation fixation-effect and exemplifying how thinking along the ‘path-of-least-resistance’
can influence a design (Ward, 1994).

It also became apparent that students became fixated on the first idea that came to
mind and that they were not motivated to think of multiple ideas. They did not understand the
concept and the possibility of accepting or rejecting ideas. The students simply wanted to go
with their first idea for which they had already worked out how to proceed. As one teacher
stated in Nicholl and McLellan’s research: “They get a fixed image, that’s what | want to make. It’s
very hard to make them see that you can change and modify this. They’re fixed, they think now
that’s what | want and that’s what I'll do” (Nicholl & McLellan, 2007). Here we see how the
occurrence of concept fixation hampers the student’s creative thinking processes. The students’
fixation on the constructed image of the final design prevents them from further developing
their idea. Since they already have an exact image of how the design will look and function their
creative thinking is set to a halt. Their CT is hampered because they see no need to critically
reflect on the state of their already ‘perfect” design. Consequently, they will also not explore
alternative solutions for these sub-problems within the problem space (DT).

A case study by Luo (2015) found comparable results regarding design fixation during
an engineering design project with primary school students aged 8 to 11. Similar to the results
of Nicholl and McLellan, these younger students fixated on popular culture, common features,
and their first design ideas (Luo, 2015). Although the distinction between ideation fixation and
concept fixation is not made in these studies, the results show that both types of design fixation
can occur from a young age.
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2.2.5 Identification of design fixation

Currently, design fixation is mostly identified and studied indirectly by analysing design ideas,
prototypes and artefacts when a design process has ended (Sio et al., 2015; Vasconcelos & Crilly,
2016). Also in the classroom, design fixation is only assessed at the end of a design project
through ‘stereotypical’ designs that are made by the pupils (Luo, 2015; Nicholl & Mclellan,
2007a, 2008). At that moment it is too late for the pupils avoid or overcome their fixation.
Identifying fixation during the design process, instead of when the project has already ended,
can transform the occurrence of design fixation into a learning process through which DT and
CT can be practiced. For that reason, we want to find ways through which concept fixation can
be identified during the concept development stage of a design process.

We expect that the analysis of conversations that take place about design ideas,
prototypes and artefacts offers opportunities for the early detection of fixation during concept
development. When designing in teams, talk is used as one of the main principles in
constructing and developing design ideas. Through talk, a shared understanding of a design
idea can be reached and agreements and compromises can be made (Fox-Turnbull, 2018). We
expect concept fixation to become visible through friction in the conversations in which the
young novice designers show resistance towards external comments, suggestions and
questions regarding the development of their design idea. There are for instance examples of
students reacting ‘negatively’ to design feedback from their instructors and clients to keep the
imagined construct of their design intact. We will introduce this in the following section.

2.2.6 Design feedback sessions

Feedback interventions, or design reviews, are common educational practice in design
disciplines at university level (Goldschmidt et al., 2010; Yilmaz & Daly, 2014) and can benefit the
design process greatly (Crilly, 2015). During these design reviews, the students communicate
their design ideas, goals and expected user interactions in words, sketches and early models to
the instructor, their peers and other stakeholders. They, in turn, react with questions and
comments in order to get clarification on aspects of the design and the choices made. This
feedback can encourage the students to take convergent or divergent paths in their design
process (Cardoso et al., 2014; Yilmaz & Daly, 2014, 2016), helping them with the development of
their design idea.

When receiving feedback on their design there is always an inherent contradiction with
which designers have to deal. As Crilly states, “Designers must remain open to the possibility
that their ideas are limited or misdirected whilst also being persistent in developing their
nascent ideas in the face of negative feedback” (Crilly, 2015). When a designer is too persistent
in developing an idea, fixation can emerge. Alternately, when a designer is too open to the
possibility that something might be wrong with their ideas, it might be that many valuable ideas
never get developed (Csikszentmihalyi, 1999). So, in conversations a designer has to balance
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between openness and persistence. We presume that the tension that occurs in this balancing
process can offer an opportunity to observe the occurrence of concept fixation.

We expect this tension between openness and persistence to become visible through
the manner in which the pupils react towards the design feedback that is posed. Research has
for example shown that university students can react negatively towards feedback that asks for
clarification of certain aspects of the design. As a result, they either end up being too descriptive
(Cardoso et al.,, 2014) or become defensive and try even harder to convince everyone of the
quality of their design (Cardella et al., 2014; Cummings et al., 2015). These types of interactions
could inhibit a student’s critical thinking processes, since they will not easily engage in
reflective or evaluative thinking about the state of their idea when they feel they have to justify it.

2.3 RESEARCH DESIGN

As discussed in Chapter 1, an educational design research approach was implemented,
comprising a series of case studies with in-depth analysis using qualitative research methods
(Bakker, 2018; Yin, 2014). Here we present the first study of the first explorative case, which is
focussed on identifying and understanding the problem. In this explorative case, we facilitated
a class of primary school pupils through a series of design sessions in which they created
solutions to a real-life design challenge. Our goal was to identify indicators of design fixation
through the conversations that took place during the later stages of their design process. This
was translated in the following explorative research question: What are early indicators of design
fixation within pupils’ design feedback exchanges, and how can they be identified?

2.3.1 Participants

The design sessions took place at a primary school in the Netherlands. The selection was based
on the school’s availability, their interest in design and technology education and a wish to
experience a hands-on project giving new insights on how to implement design and technology
within their curriculum. The participating school is, as they state, ‘development-focused’,
meaning that umbrella themes are used to integrate different learning subjects over the course
of a few weeks. The pupils are accustomed to collaborating in teams over a longer timeframe
on a range of educational activities. In this study, one class participated over a period of seven
weeks in March and April of 2016. The class consisted of 24 pupils, ranging between 9 to 11
years old. The class of pupils had not participated in any design project prior to this one. The
class was divided into six gender-mixed teams of four pupils by the teacher. When dividing the
pupils into teams, the teacher was instructed to provide in each team a mix of different ‘types’
of pupils to create heterogeneous teams. As Kolb’s learning styles are generally known by the
teachers in the Netherlands through a simplified categorization, namely: dreamer, doer, thinker
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and decider, this was chosen as a guide to compose the teams. In addition to this, the teacher
was asked specifically to pay attention to pupils’ abilities to lead so that each team would,
ideally, have one leader.

2.3.2 Design problem

The pupils worked on solving a real-life problem which was made available by the HALO sports
academy, which is part of The Hague University of Applied Sciences in the Netherlands. The
design assignment was presented as follows: “Design a game, lesson or sports equipment for
the gymnasium of the future that enables pupils with different participation motives to be
physically active together.” An example of different ‘participation motives’ is a child who enjoys
a competitive component during physical activities and plays to win versus a child who enjoys
playing together, regardless of winning or losing the game. A problem owner from the HALO,
who acted as a client, introduced the design assignment and was present during several of the
design sessions to give feedback on the pupils’ design ideas.

2.3.3 Design sessions

Over the course of seven weeks, the pupils participated in teams in weekly design sessions of 90
to 120 minutes in which the teams were led through different diverging and converging stages.
Table 2 presents an overview of the design sessions with the corresponding activities and how
they related to each design phase. The connection to the design phases was based on a general
representation of the design cycle that is used in primary schools in the Netherlands (Figure 3).
The design activities were based on tools and methods from the CPS tradition (Tassoul, 2009)
and design tools from the Delft Design Guide (Van Boeijen, Daalhuizen, Zijlstra, & Van der
Schoor, 2013). These methods and tools were transformed for use at primary school level in
collaboration with the Science Hub Delft (Wetenschapsknooppunt Zuid-Holland, n.d.), an
organisation who develops educational material for primary schools to help develop research
and design skills. The tools and methods were used during the design sessions to guide the
teams through their design process. Examples of these tools and methods during the later
stages of the design process, from session 4 onwards, were feedback interventions, prototyping
and guidance from the facilitators through questions and suggestions. An overview of the
design sessions can be found in table 2. Although we expected these tools and methods to help
the teams engage in DT and CT and develop their idea further during the later stages of their
design process, we did not try to intentionally counteract or evoke concept fixation within the
teams.
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Table 2 Overview of the design sessions, facilitation style, activities and corresponding relation
to each design phase. The highlighted sessions were selected for in-depth data analysis

Session  Facilitation

1 classroom
facilitation

2 Separate team
facilitation

3 Separate team
facilitation

4 Classroom
facilitation

5 Separate team
facilitation

6 Classroom
facilitation

T Classroom
facilitation

Design phase

Exploring &
Formulating design
problem

Exploring &
Formulating design
problem

Generating &
Selecting ideas

Generating &
Selecting concepts

Building a prototype

Testing & Optimizing

Presenting

29

Activities

- Introduction of the design assignment
by the client.

- Experiencing different sport
preferences and participation motives
within the class through group
activities led by the client.

- Timeline visualization of positive and
negative physical education
experiences.

- Brainstorm to shed first ideas.

- Constructing interview questions.

- Practice interview.

- Homework: do interviews with other
pupils.

- Discussing the interviews.

- 3 brainstorm techniques.

- Categorization of all ideas.

- Idea selection.

- Top 4 selection.

- Make a small model/first prototype of
two ideas.

- Feedback on ideas from the client and
peers.

- Selection of one idea.

- Make a building plan.

- Build a prototype with provided
materials.

- Make a testing plan.

- Build-up for the test.

- Test with other pupils.

- Get feedback from testers.

- Think of implications for design.

- Present the design to the client and
peers and receive feedback.
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Figure 3 Representation of the Design Cycle by the Science Hub (Klapwijk, 2017)

2.3.4 Facilitation

Three facilitators were present during the design sessions to facilitate the teams. Each
facilitator was assigned two teams. Two facilitators, the first and second author, had a double
role as researcher within the project. The client was present during sessions 1, 4 and 7 in which
he actively participated by explaining the design assignment (session 1) and giving feedback on
the design ideas (session 4 and 7). During session 1, 4, 6 and 7, which were organised in a
classroom setting, the teacher of the class was also present, yet did not guide the sessions.

2.3.5 Setting

During design session 2, 3 and 5, the teams were facilitated by their assigned facilitator in
separate sessions in separate rooms. Session 1, 4, 6 and 7 took place in a classroom setting in
which all teams participated simultaneously in one session.

2.3.6 Data colleclion
The seven design sessions were audio and video recorded and the materials that the pupils
produced during the sessions were photographed.

2.3.7 Data analysis

To analyse this stagnation in the development of the design ideas, we focused on the
conversations that took place between the design team, their peers, the client and the
facilitator during session 4, 5 and 7. During these sessions, the teams had selected their initial
design idea and were expected to develop their idea further. In session 4, the teams had
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selected their initial design idea and received feedback on their idea from their peers and the
client. In session 5, the teams worked on building a prototype of their idea and in session 7 the
teams presented their final design idea to the client and their peers and, again, received
feedback. Two researchers transcribed the audio and video data of all the sessions, focusing on
the discussions between the team members, their peers, facilitators and the client.

The purpose of our analysis was to look for possible indicators of concept fixation
within the design teams through the conversations held with the client, peers and facilitators.
This means that we looked for moments during which the pupils show adherence to their
design idea (too much persistence) and a lack of openness to consider the questions,
comments and suggestions posed about the state of the design ideas. The explorative nature of
this study and limited previous research on design fixation in pupils’ design processes led us to
conduct an inductive data-driven approach. This approach was similar to the work of Yilmaz &
Dali (2016), who researched possible design feedback types and structures in the context of
university students.

Firstly, the entire dataset was analysed through the constant comparative method
(Glaser, 2008; Glaser & Strauss, 1967), to let recurring patterns indicating concept fixation
emerge. This process of categorization was executed in three rounds by the same two
researchers who also transcribed the audio and video data. During each categorization round,
each researcher first individually selected sections of conversation indicating concept fixation.
Afterwards, these individual selections were followed by sessions in which the researchers
compared their individual categories. After three rounds, a consensus was reached on the final
categorization and four categories were formed.

Secondly, we attempted to refine these categories by comparing them to the student
response framework from Cummings et al. (2015) and Cardella et al. (2014). This framework was
inductively constructed to analyse the responses of university design and engineering students
towards design feedback they received. Although the framework does not aim to identify design
fixation, we had strong suspicions that four codes from this framework could be an indication of
concept fixation and therefore have similarities to the categories we found. These codes are:
defend, ignore, denial and compensation. When comparing the codes to the categories, we
noticed that the codes could be applied to the same sections of conversations as that of the
categories found. Yet the codes grouped the types of concept fixation differently than the
categories composed through the first analysis. For example, most of the sections could be
coded with ‘compensation’, while the categories found by us distinguished more between the
different manners in which concept fixation was expressed by the pupils. Therefore, the
decision was made to keep the four categories found in the first analysis.
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2.4 Findings

The preliminary findings of our analysis have been presented at the E&PDE conference in 2017
(Schut et al., 2017). Based on the received feedback, we expanded the description of the results
and incorporated more detail. Here, we will discuss several moments during which the pupils’
exhibited fixation on their design idea. This concept fixation was observed through the manner
in which the teams responded during conversations with their peers, facilitators and the client
in sessions 4, 5 and 7. The response behaviours from the teams, indicating concept fixation,
could ultimately be grouped into four categories. We named these categories: ‘band-aids’,
‘already-in-there’, ‘question-not-relevant’ and ‘it’s-not-possible’.

The following sections introduce these four categories through examples of
conversations that took place between the pupils, facilitators, and the client. Each section
describes a category of response behaviour indicating concept fixation. The pupils that were
part of the design team that the example focusses on are indicated as ‘pupil’ and, if necessary, a
number. The pupils that were not part of the team are indicated as ‘classmate’ and, if necessary,
anumber. The client and facilitators are indicated as such.

2.4.1 Band-aids

The first category of response behaviour that we will present is what we named ‘band-aids’.
There was a clear instance of the use of this type of response behaviour when the teams got
feedback on their design idea during sessions 4 and 7. Band-aids are adjustments or additions
to the design idea that leaves the core of the idea intact and do not present a possible valuable
and relevant development. They are ‘quick fixes’ used to ‘patch up’ any flaws in the idea.

The ‘everyone is different” example illustrates the band-aids response behaviour of one of
the teams when they got feedback on their idea during the 7" session. In the example, the team
had just presented their maze-game idea to their peers and the client. Their idea consisted of a
maze in which different types of games can be played. the maze consisted of the equipment
that is normally used during physical education classes. Figure 4 showcases images of the maze
that the team built. The client started the conversation by asking a question related to one of
the criteria presentin the design question, namely, different participation motives.

Everyone is different

Client: Is it suitable for the different types of movers during physical education?

Pupil 1: In a sense, yes. If for example something is wrong, so you can’t run or walk or
something. Yeah, then. Uh. Or you can be there as a referee or you stand behind the line
with the pawns. As a referee, you can check if the players don’t cheat when they hide.
Client: Uh yes, ok. Uh. And what if | would like to stay very fit? If | would be a player and
find that important.

Pupil 2: Yes, well then you just have to run many laps.
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Client: Yes, so than | should make it more difficult for myself? Yes. Well, | guess that’s
possible. Ok.

In a sense, the pupils showed DT as they generated a number of options to make the maze-
game suitable for different types of movers. Nevertheless, something can be said about the
quality of the options mentioned. The proposed ‘referee’ idea, as well as the ‘run many laps’
idea, did not transform the idea of the maze-game to be intrinsically suitable for different types
of movers. Both ideas made use of external systems that compensate for possible problems in
the game itself. The difference between band-aids and idea development is that band-aids do
not solve the actual problem within the idea and often lead to new problems. For example, the
‘referee’ idea appeared to solve the problem of a player not being able to run or walk. However,
what if there are more players with the same problem? What about the players that cannot
really run that hard or long to begin with? In addition, the player that is a referee does not really
participate in the game, which could be guite demotivating. When pupils engage in band-aids
response behaviour, the possibility for critical evaluation of the idea is set to a halt because the
problem appears to be solved. As a consequence, the openness and reason to keep exploring

alternative solutions is lost.

Figure 4 Images of the maze-game idea. Both pictures illustrate the equipment used to build it.
In the image on the right, the maze is being used by players to hide from another player holding
a big ball

2.4.2 Already in there

Another category is ‘already-in-there’. This type of response behaviour was detected during the
4" and 7" sessions during the moments when the teams got feedback from their peers and the
client on their design idea. The already-in-there response entails that whatever others might
detect as missing from the idea is, in fact, not missing since it was already present within the
idea all along. However, that which is suddenly present within the idea according to the design
team was never mentioned before the moment that others point it out as missing.
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The ‘it's all-in-one’-example is from the 4™ session and illustrates a team engaging in
already-in-there response behaviour. One of the teams presented their design idea about a
device that combined a lot of sports in one object. Figure 5 showcases images of this design
idea. On the spot, more sports were added to the idea. The additions that were mentioned in
the conversation were not mentioned or discussed before within the team.

It’s all-in-one

Classmate 1: What about if you want to do handball?
Pupil: You can do that as well with it.

Classmate 1: And if you like to play football?

Pupil: You can do that as well.

Classmate 2: So, it is all-in-one, and there is no korfball.
Pupil: Yes, there is korfball in there!

In a way, the conversation shows a development of the existing design idea through several
elaborations. However, Pupil 2 is also deflecting the questions by stating that everything is
already present within the design. The team does not seem to use the feedback from others to
evaluate the quality of their design and to see if any further development is needed. Feedback
appears to be something that needs to be contradicted. Instead of something from which they
can learn and which can help them to critically evaluate their design idea.

Figure 5 Images of the all-in-one idea. The images illustrate a clay model that represents a new
type of sport equipment with which many different types of sports can be played.

2.4.3 Question not relevant

‘Question-not-relevant’is a type of response behaviour which, just like band-aids, peaked during
the 4™ and 7% sessions. Engaging in question-not-relevant response behaviour indicates that the
feedback given is not relevant to the design idea. The following examples will illustrate this type
of response behaviour. In both examples, the same team gets feedback on their idea, which
they called b-games. Images of the idea are made visible in figure 6. The idea entails a sort of

34



Chapter 2 | Findings

virtual reality dome in which different sports can be played. In the ‘no friends needed” example
below, a classmate suggests thinking about playing the designed game together with other

pupils.

No friends needed

Classmate: How can you do this game with friends?

Pupil: Well. You don’t have to do it with two people, you can also do it alone
Classmate: Okay...

The classmate’s question stems from the design question given by the client, which mentions
pupils being active together. One of the pupils from the design team answered that the game
could be played alone, implying that no other players are needed. This left the classmate a bit
puzzled. Since the classmate did not connect the feedback back to the design problem, it
appeared to be a personal preference instead of a reference to the design criterion that was still

missing. This could, in turn, explain the response behaviour of the team.

Figure 6 Images of the b-games idea. The left image shows a sketch of the idea. The right image
shows a clay model of the idea and two of the team members who demonstrate the model. One
team member points at the virtual reality dome and the other team member holds up a screen,
which is part of the dome

A second example, ‘no handball included’, showcases a different manner in which the
question-not-relevant response was observed during the sessions. After presenting their idea, a
classmate then asked a question about a technical aspect of the idea.

No handball included
Classmate: If you for example throw a ball during handball, then the computer can never
know how fast you throw. Because he can also not...

Pupil: But we don’t offer handball.

35



Chapter 2 | Findings

Here, the core of the question — how the speed of a ball thrown could be measured within the
game - was ignored by the team. Instead, it was made clear that the sport used as a reference
in the question was not part of their design idea. In both examples, engaging in guestion-not-
relevant response behaviour enabled the team to ignore the core of the question and show that
their idea still ‘worked’ by giving a deflecting answer.

2.4.4 It is not possible

The last category of response behaviour we will present in this paper is it’s-not-possible. This
response behaviour deems whatever is proposed or suggested as not feasible within the design
idea. It was observed in session 5 and session 7. The following ‘too light, too dark’ example
illustrates how a design team repeatedly engages in it’s-not-possible response behaviour during
the 51 session. In the example, the pupils of the team discussed a possible adjustment to their
design idea, which was proposed by one of the team members, to make the design more
interesting for the players.

Too light, too dark

Pupil 1: What if we make it (the gym) dark?

Pupil 2: That’s impossible, the lights go on when you enter the gym.
Facilitator: Well, I'm sure we could turn off the lights.

Pupil 2: It is still too light because of the window.

Facilitator: We could cover the windows.

Pupil 1: Than itis too dark, pupils won’t be able to see, that is dangerous.

After Pupil 2 rejected the idea as not possible, the facilitator tried to prompt the idea
development by proposing several alternative solutions yet the team did not see the same
possibilities as the facilitator and, in the end, even Pupil 1, who suggested the idea, rejected the
idea altogether.

The next example illustrates a team engaging in the it’s-not-possible response behaviour
during the 7" session.

We can'tdo it

Client: I might have a tip. Maybe you already know this, but I'm always looking for how
you can make something easier or more difficult. That you can customize it for all players.
Is that possible?

Pupil: Yeah, that was the idea you proposed, with the camera. That you think that
someone is far away, but then they are very close. But we thought, we cannot really test
that easily with the other pupils from our school.

Client: No, | understand. Also, I think that will mostly make it more thrilling.
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The client appeared to try to get the team to think about possible solutions to meet, what was
to him, an important design criterion: customizing the difficulty level for players. The team then
referred back to an idea that the client had previously posed to them, which could be a solution
to meet the design criteria, stating that they would not be able to execute an idea like this. Both
examples show how the teams parried a DT process by stopping it before it even began, making
it difficult for the facilitator and client to continue the line of questioning.

When evaluating all four types of response behaviour, we conclude that engaging in these
response behaviours allowed the teams to keep the core characteristics of their idea intact and
unchanged, therefore leaving the teams fixated on the current state of their design idea.

2.5 Discussion and conclusion

The presence of design fixation during the pupils’ design process is not a new phenomenon
(Luo, 2015; McLellan & Nicholl, 2009; Nicholl & McLellan, 2007). Yet where most work on design
fixation analyses it by looking at the design ideas or produced artefacts, this research shows
that it is also possible to signal design fixation through the conversations held in a classroom.
Additionally, the focus lies on design fixation that occurs during concept development in the
later stages of the design process, which we named: concept fixation. Four categories of
response behaviours indicating concept fixation were uncovered during our analysis. Through
several examples we aimed to illustrate these four behaviours. Table 3 gives an overview of the
response behaviours that we uncovered and the effect each type can have on the creative
thinking processes and, as a result, on the development of a design idea.

All four types of response behaviours allow the design teams to keep the core
characteristics of their idea intact and unchanged, therefore leaving the teams fixated on the
current state of their design idea. In the ‘band-aids’ and ‘It's not possible’ categories, the sub-
problems within the design idea, or the opportunity proposed, is acknowledged. However, this
feedback is also directly parried by either proposing worthless and irrelevant adjustments or
elaborations (‘band-aids’) or completely dismissing what is proposed as not feasible (‘t’s not
possible’). In the other two categories, ‘already in there’ and ‘question not relevant’, the sub-
problems within the design idea, or the opportunity proposed, is not acknowledged. The
feedback that is given is either ignored by indicating it as irrelevant (‘question not relevant’) or
dismissed by stating that any uncovered shortcoming or missing element was already present
and working within the design idea (‘already in there’). As a result of engaging in any of the
described response behaviours, the feedback given is not used to critically evaluate the state of
the design. We speculate that the absence of this critical evaluation let the teams to believe
their designs were already in a ‘complete state’ and no sub-problems were present. This
hampered their creative thinking by bringing continuous alternation of DT and CT to a halt.
Since critical evaluation (CT) was absent, possible sub-problems within the designs were not
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uncovered. Consequently, there was no need to generate new ideas (DT) to elaborate or adjust
the design.

Our results show that young novice designers (age 9-11) do not necessarily show to
critically evaluate their own design in the concept development stage of the design process.
Even though tools and methods were in place, like the feedback interventions, that are
commonly thought to help idea development (Crilly, 2015). This lack of evaluation of young
novice designers is also observed in the field of linkography by Blom and Bogaers (2018). The
field of linkography studies design cognition by analysing small increments of divergent and
convergent thoughts. Here, Blom and Bogaers (2018) obtained results suggesting young novice
designers (age 13-14) engage in limited critical convergent thoughts while designing compared
to older novice designers, like university students. They found that the young designers
proposed many new thoughts and ideas, but did not necessarily develop, evaluate or
summarise them (Blom & Bogaers, 2018). In their research no tools or methods were used to
guide the young designers through their design process, giving insight in to their ‘natural’
thinking processes. Similar to ours, their results suggest that critical reflection does not happen
‘naturally’ in pupils.

In the context of D&T education critical thinking is progressively seen as an important skill
(Williams & Stables, 2017). By practicing critical thinking and reflection within a design process
the pupils will not only be able to better optimize the design they are working on, but it will also
help them develop their personal critical view on design and technology in relation to this
world. While designing they will uncover a wide range of questions: about ethics, economics,
sustainability, usability, values, emotions and others, on what they plan to make and the impact
it might have on its future users and surroundings. As Keirl puts it: “Critiquing is an excellent tool
for arriving at the best defensible compromise” (Keirl, 2007). The ability to think critically about
one’s own design can prove valuable to eliminate or overcome concept fixation. In this study
the focus is on the early identification of concept fixation. Therefore, we did not explore the
reasons why the design teams might have experienced this type of fixation during their design
processes.

The parrying of feedback by the design teams suggests that they might have felt too
much attachment to their design ideas, creating strong feelings of ownership. Research by Baer
and Brown shows that too much ownership can lead people to only selectively adopt given
feedback (Baer & Brown, 2012a). Their findings suggest that the nature of the proposed change
in combination with the feeling of loss and the negative effect the person might feel directly
influences whether they remain open to or resist suggestions for change. This phenomenon is
also known as “kill your darlings’, which is a phrase that in some creative processes is used by a
facilitator or team member to remind one that sometimes you just need to let go of an idea
(Tassoul, 2009). Following the research of Viswanathan and Linsey (Viswanathan & Linsey, 2011)
we can speculate that the early first prototypes that the pupils made during the 4" design
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session (see table 2) might have created or enhanced any feelings of attachment to their design
idea. Yet feelings of attachment and ownership that a designer might have towards their design
ideas do not necessarily have a negative impact on idea development. They can, for instance,
help develop promising ideas of which the potential might be more hidden in the beginning of
the design process.

Table 3 An overview of the four uncovered response behaviours with a description of the
behaviour and the possible effect on the creative thinking processes and the development of a

design idea.

Type of Description of the Effect of the behaviour
response behaviour
behaviour
Band-aids Proposing adjustments or By proposing adjustments or elaborations, the
elaborations that don't uncovered sub-problem(s) appear to be
presenta valuable and immediately solved. Consequently, no critical
relevant development and evaluation takes place and the openness to
leave the flawed core of a generate alternative solutions to improve the
design idea intact. design is lost.
Already in Dismissing uncovered By stating that the uncovered shortcomings and
there shortcomings by stating missing elements were present within the idea all
(falsely) that they have been  along, the design becomes an all-encompassing
present within the design idea. The uncovered sub-problems are deemed as
idea all along. non-existent. Consequently, no critical evaluation
takes place and the openness to generate
alternative solutions to improve the design is lost.
Question Indicating that the given By indicating that the feedback holds no relevance,

not relevant

It’s not
possible

feedback holds no
relevance to the design
idea.

Dismissing proposed
adjustments or elaborations
on feasibility without proper
evaluation.

the design idea is still proven to be correct and
‘working’. The uncovered sub-problems are
deemed as non-existent. Consequently, no critical
evaluation takes place and the openness to
generate alternative solutions to improve the
design is lost.

By immediately rejecting proposed adjustments or
elaborations due to non-feasibility, the underlying
sub-problems these might tackle do not get
uncovered. Consequently, no critical evaluation
takes place and the openness to generate
alternative solutions to improve the design is lost.

39



Chapter 2 | Discussion and Conclusion

Furthermore, we assume that the type of feedback given might have been unfitting in
some instances, therefore pushing the teams even more into a fixated mindset. Interventions
and methods that give feedback are regarded by experienced designers as a means to
counteract fixation and help idea development (Crilly, 2015). Feedback has the ability to
encourage a designer to take DT as well as CT paths during their design process (Cardoso et al.,
2014; Yilmaz & Daly, 2014, 2016). A designer has to develop the skills to be able to balance
between remaining open to possible flaws within the design ideas, yet also persistent in
developing a promising idea despite receiving negative feedback (Crilly, 2015; Csikszentmihalyi,
1999). Nevertheless, our results show that feedback on (intermediate) design ideas does not
necessarily help young novice designers (pupils age 9-11) to develop their ideas. Specifically,
their lack of critical evaluation left sub-problems within their design hidden and discarded the
need and openness for new generative processes. This stagnated their creative thinking
processes by hampering the continuous alternation of DT and CT, which ultimately effected the
development of their designs.

2.6 Implications & future research

The four response behaviours that we have uncovered and described are not meant to be a full
overview of all possible types. We expect that there might be more response behaviours
indicating concept fixation. Therefore, more research is needed on the conversations that take
place during design processes, both inside and outside design teams. Not only to gain insight
into response behaviours indicating concept fixation, but also those indicating success in
balancing between openness and persistence. For now, we expect that the indicators we found
- ‘band-aids’, ‘already taken care of’, ‘question not relevant’ and ‘it’'s not possible’ - will be
helpful in identifying concept fixation during the design process, especially in an educational
context. The process of identification of fixation, and reflecting on it, creates awareness. This is
considered as an important step by professional designers towards guarding oneself from
fixation episodes in future projects, and thus being more creative (Crilly, 2015).

For educators, this identification can lead to an adjustment in facilitation techniques in
order to help pupils practice and enhance their CT and regain openness in the design process
to start new DT processes. This aligns with suggestions from Nicholl and McLellan, who also
believe that targeted intervention from the person facilitating is needed to prevent and/or
overcome design fixation (Nicholl & McLellan, 2007). In our future cases, we will focus on
creating interventions to help pupils to become aware of concept fixation and stimulate their
divergent and convergent thinking processes to ultimately avoid or overcome their fixated
mindset. We expect that the development of pupils’ critical thinking skills will play a central role
within these interventions.
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This chapter is based on: Schut, A., Klapwijk, R., Gielen, M., & De Vries, M. J. (2019a). Children's
responses to divergent and convergent design feedback. Design and Technology Education: An
International Journal,24(2), 67-89.

3.1 INTRODUCTION

The study in the previous chapter shows that feedback given to primary school pupils while
designing does not always spark creative thinking and a set of response behaviours indicating
design fixation were uncovered by analysing these feedback conversations (Schut, Klapwijk,
Gielen, van Doorn, et al., 2019). It is commonly thought that receiving design feedback from
others is one of the factors that can contribute to this and benefit the creative design process
greatly (Crilly, 2015). Design feedback can help guide the creative thinking processes - divergent
and convergent thinking - that are present in a design process. Design feedback can push
towards convergence by suggesting evaluation, reflection and decision making. Or push
towards divergence by suggesting the exploration of alternatives. Yet, one may ask if the
divergent or convergent nature of the feedback always elicits the expected responses and
therefore push towards the intended direction in one’s creative process. Design feedback is
expected to help novice learners gain insight in their creative processes and design decisions
(Cardella et al., 2014; Cardoso et al., 2014; Cummings et al., 2015; Schut, Klapwijk, Gielen, van
Doorn, et al., 2019), yet, as the previous chapter shows, it can also uncover or evoke resistance.

In this chapter, we will therefore look at the same case to analyse feedback
conversations that take place between the pupils who are designing, their peers, and the client
during the later stages of their design processes. Our goal is to identify the divergent and
convergent nature of the design feedback present in the critiquing moments and the various
responses of the pupils to this feedback. This is translated into the following explorative
research question: What is the nature of the design feedback that is given by client and
classmates and how do the design teams respond to these different types of feedback? We are
especially interested in the moments in which the pupils show resistance to design feedback
and hope to uncover how this might relate to the divergent or convergent nature of the
feedback.
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3.2 LITERATURE REVIEW

3.2.1 Divergent and convergent thinking

As previously touched on, two creative thinking processes play a central role while designing:
divergent (DT) and convergent (CT) thinking (Finke et al., 1992; Goldschmidt, 2014, 2016;
Guilford, 1956, 1962). Though the continuous alternation between DT and CT, creative solutions
get generated and developed (Guilford, 1967; Howard-Jones, 2002; Isaksen et al., 2010; Isaksen
& Treffinger, 2004; Mioduser & Kipperman, 2002; Tassoul, 2009). Yet understanding how and
when to best shift between these cycles of thought is not easy, especially for novice designers.
Many factors can hamper these creative thought processes, of which the occurrence of design
fixation is a known obstacle in pupils designing (Luo, 2015; MclLellan & Nicholl, 2013; Nicholl &
Mclellan, 2007a; Schut, Klapwijk, Gielen, van Doorn, et al., 2019).

Within design education, guidance in navigating this shifting and alternating process is
therefore needed. Although this guidance can take different forms, like structured courses, tools
and methods, assessment guidelines and coaching (Dannels, Gaffney, & Martin, 2008; McLellan
& Nicholl, 2009; Nicholl, 2004; Nicholl & McLellan, 2007a; Tolbert & Daly, 2013), this chapter
focuses on the role of design feedback.

3.2.2 Design feedback

Although little is known in relation to young novice learners, feedback interventions are
common educational practice in design disciplines at university level to discuss the progress
and status of a student’s design projects (Dannels, 2005; Oh et al., 2013). Usually, there are
several feedback interventions integrated in the design process at different stages. In those
moments, students get the opportunity to update their instructors, their peers and other
stakeholders, such as real or simulated clients and potential users, on their envisioned design
and collect feedback. Oh et al. (2013) describe how these conversations are the predominant
way through which students acquire expertise from their instructors and other stakeholders.
Additionally, it adds the aspect of socializing students into the discipline, which prepares them
for the ‘real world” (Cummings et al., 2015; Dannels, 2005; Oak, 2000; Oh et al., 2013).

Commonly these feedback moments are known as ‘design reviews’ or ‘design crits’.
Although there are many similarities, and the terms are often used interchangeably, in this
chapter the focus will specifically lie on design crits. Design critiquing is about improvement.
This is attained by discussing how well the design addresses the goals and principles that were
set beforehand. Within these discussions is not necessarily about getting everyone’s approval,
like design reviews tend to be (Sater-Black & Iversen, 1994), but about giving options and
opinions on how to move forward within the design process. The active conversations can
trigger students to reflect on, evaluate, and revise their designs (Oh et al., 2013), therefore
impacting divergent or convergent paths they take in their creative process.
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3.2.3 Divergent and convergent design feedback

Design feedback can steer creative thinking processes in divergent or convergent directions
(Daly & Yilmaz, 2015; Goldschmidt et al., 2010). It can push towards convergence by suggesting
evaluation, reflection and decision making, or encourage divergence by suggesting the
exploration of alternatives. Although feedback can potentially benefit the creative design
process (Crilly, 2015), literature shows that it can also evoke less than optimal reactions in
novice designers. For example, Cardella et al. (2014) and Cummings et al. (2015) investigated
the different directions design feedback can push towards and linked it to the processes of
creating and reducing ambiguity between instructors and university students. They found that
instructors who only work on eliminating ambiguity by giving feedback that pushes towards
convergent actions through clarification, can provoke students to become defensive and try
even harder to convince everyone of the quality of their design (Cardella et al., 2014; Cummings
et al., 2015). These types of interactions could inhibit a student’s creative thinking, since they
will not easily engage in reflective or evaluative thinking about the state of their idea when they
feel they have to justify it.

This focus on clarification through convergent feedback by instructors was also
observed by others (Cardoso et al., 2014; Daly & Yilmaz, 2015; Yilmaz & Daly, 2014, 2016). In a
study on question asking during design reviews, Cardoso et al. (2014) observed that due to this
focus of the instructor, the students end up being too descriptive and do not engage in any
reflective and evaluative thinking about the design decisions made. Yilmaz and Daly (2014, 2015,
2016) also observed this focus on clarification and decision making and found that instructors
from different disciplines all primarily engage in convergent feedback. They note that although
this type of convergence is necessary in working towards a design result, it should not be
prioritized over the exploration of ‘better’ solutions or the pursuit of risky ideas. More balance
between both types of feedback is therefore encouraged by the authors and the need for
divergent feedback is brought forward (Daly & Yilmaz, 2015; Yilmaz & Daly, 2014, 2016).

From these studies, it appears that the, primarily convergent, design feedback from
the instructors is not always met with the expected reactions from the students and does not
necessarily facilitate DT or CT. Similarly, our previous study shows that feedback that is given to
primary school pupils while designing does not always spark creative thinking (Schut, Klapwijk,
Gielen, van Doorn, et al., 2019). Instead, it was found that the pupils often rejected or ignored
the feedback in order to leave the core characteristics of their design ideas intact and
unchanged. This fixation on their idea was observed through four uncovered types of response
behaviours: ‘band-aids’, ‘already in there’, ‘question not relevant” and ‘it’s not possible’ (Schut,
Klapwijk, Gielen, van Doorn, et al.,, 2019). Since unwanted reactions to feedback have been
observed with university students, it is possible that responses of the pupils have been
influenced the preceding feedback. It could therefore be worthwhile to explore the nature of the
feedback preceding these uncovered response behaviours.
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3.2.4 A design feedback model

One of ways in which the nature of design feedback can be uncovered, is through the use of Eris’
question driven design model (Eris, 2004). Eris perceives design as a question driven process.
He therefore created a model that encompasses the types of divergent and convergent
questions asked when designing in teams, which is made visible in Figure 7. Use of this model
has, for example, provided insight into the types and combinations of questions that can spark
creative thinking within design processes (Cardoso et al., 2016). Although the model is intended
to analyse the question behaviour of a design team while designing (Cardoso, Badke-Schaub, &
Eris, 2016; Eris, 2004), it has also been used to analyse the feedback present in design crits
(Cardoso, Eris, Badke-schaub, & Aurisicchio, 2014). It would therefore be interesting to explore
the nature of the design feedback present in the first case and the insight this can give in
relation to the pupils’ creative thinking.

CATEGORY EXAMPLE

Request Can you hand me the wheel?

Verification Did John leave?

Disjunctive Was John or Mary here?

Concept Completion | What did Mary eat?
Low-level Feature Specification | What material is the wheel made of?
Questions Quantification How many weels do we have?

Definition What is a pneumatic robot?

Example What are some flying insects? Convergent

Comparision Does the small wheel spin faster? Thinking

Judgemental Which design do you want to use?

“| Interpretation Will it slip a lot?
Deep Procedural How does a clock work?
Reasoning Causal Antecedent Why is it spinning faster?
Question Causal Consequence | What happenend when you pressed it?
(DRQ) Rationale/Function | What are the magnets used for?
High-level Expectational Why is the wheel not spinning?
Questions _-| Enablement What did they need to attach the wheel?
~ "7| Enablement What allows you to measure distance?
Geng:;; Method Generation | How can we keep it from slipping? .
Question Proposal/Negotiation | Can we use a wheel instead of a pulley? .?;“::Irgsgt
(GDQ) Scenario Creation What if the device was used on a child?
---| Ideation What can we do with magnets?

Figure 7: Eris’ Question Driven Design Model (Eris, 2004)

3.3 RESEARCH DESIGN

Here we describe the results of a second analysis of the first case in which we facilitated a class
of primary school pupils through a series of design sessions. The goal was to identify the nature
(divergent or convergent) of feedback present in the critiquing moments and the reaction of the
pupils to this feedback. This is translated into the following explorative research question: What
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is the convergent and divergent nature of the design feedback given by the client and peers, and
what are the pupils' direct responses in an unguided design feedback situation?

Since this second study was done on the same case as the first study described in
Chapter 2, the description of the participants, design problem, and design session will be
identical. Reference will be made to a table and figure presented in the previous chapter.

3.3.1 Participants

The design sessions took place at a primary school in the Netherlands. The selection was based
on the school’s interest in design and technology education and a wish to experience a guided
hands-on design project. The participating school is ‘development-focused’, meaning that
umbrella themes are used to integrate different learning subjects.

In this study, one class participated over a period of seven weeks in March and April
2016. The class consisted of 24 pupils, ranging between 9 and 11 years old. The class was
divided into six gender-mixed heterogeneous design teams of four pupils by the teacher.
Although the pupils had no experience with designing, the teacher stated that the pupils were
used to giving feedback to each other during other subjects in the classroom.

3.3.2 Design problem

The pupils worked on solving a real-life open-ended design problem. This was made available
by the HALO sports academy, which is part of The Hague University of Applied Sciences in the
Netherlands. The assignment: “Design a game, lesson or sports equipment for the gymnasium
of the future that enables pupils with different participation motives to be physically active
together.” An example of different ‘participation motives’ is a child who enjoys a competitive
component during physical activities and plays to win versus a child who enjoys playing
together, regardless of winning or losing the game. An experienced teacher of the HALO acted
as a client. He introduced the design assignment and was present during several of the design
sessions to give feedback on the pupils’ design ideas. He had no specific experience in
addressing or teaching primary school pupils.

3.3.3 Design sessions

Over the course of seven weeks the design teams took part in weekly design sessions of 90 to
120 minutes. Table 2 presents an overview of the design sessions and their connection to the
design cycle know by Dutch primary school teachers and pupils (figure 3). The design activities
were based on tools and methods from the CPS tradition {Isaksen et al., 2010; Tassoul, 2009)
and design tools from the Delft Design Guide (Van Boeijen, et al., 2013). These methods and
tools were transformed for use at primary school level in collaboration with the Science Hub
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Delft (Wetenschapsknooppunt Zuid-Holland, n.d.), which is an organization who develops and
researches educational design material for primary schools.

3.3.4 Facilitation

Three facilitators were present during the design sessions to facilitate the teams. Each
facilitator was assigned two teams. Two facilitators, the first and second author, had a double
role as researchers within the project.

3.3.5 Setting

During the design sessions 2, 3 and 5, the teams were facilitated by their assigned facilitator in
separate rooms. Session 1, 4, 6 and 7 took place in a classroom setting during which all teams
took part simultaneously.

3.3.6 Critiquing moments

During 4" and 7" session the design teams received feedback from their classmates and the
client on the state of their design ideas during two design crits. For both critiquing moments the
client and pupils received no specific instruction from the facilitators on how to give feedback.
Yet the teacher noted that the pupils were used to giving and receiving feedback during other
subjects.

The first critiquing moment took place during the 4" design session. At that moment in
the design process all design teams had selected one or two initial ideas and constructed
corresponding small ‘quick and dirty” models. Through turn taking each design team had the
opportunity to present their design idea, illustrated with the models. After presenting their
design idea each team received feedback from the client, as well as from the other design
teams (their peers). It was expected that the teams would use the feedback that was given to
improve their design idea by adjusting and elaborating on its current state. This expectation
was communicated to the teams by the client through a short presentation at the start of
design session. In this presentation the importance of feedback in relation to idea development
was pointed out through the phrase: “Feedback = OK!” and several examples. Additionally, the
client pointed out that although sometimes you might feel hurt or attacked by the feedback
that is given, itis always meant to help.

The second critiquing moment took place during the 7" design session. All design
teams had prepared a short presentation in which they illustrated their final design with
drawings or photos of their prototypes. Again, the design teams received feedback from the
client and the other design teams (their peers). Since this was the final design session, the focus
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was not so much on possible future improvements, but more on revealing the final state of the
design. This expectation was also communicated to the pupils by the client.

3.3.7 Data collection
The seven design sessions were audio and video recorded and the materials that the pupils
produced during the sessions were photographed.

3.3.8 Data analysis

Segments and pairs

To examine which type of feedback and responses occurred together, they were grouped
before coding. Segments were created of consecutive feedback and responses based on the
feedback content. Within these segments pairs of feedback and response were formed. When
multiple questions and comments were posed in a row, or when multiple answers were given in
a row, these would be grouped to form one pair consisting of multiple feedback and response
codes. All pairs were coded with the corresponding feedback type codes and response type
codes. Additionally, we coded who posed the feedback to the design teams, the client or peers.
The qualitative analysis software Atlas.ti was used during the entire analysis process.

Feedback types

To determine the nature of the feedback, Eris’s question-driven design model (see Figure 7) was
used as our primary lens to analyse the feedback posed by the client and peers (Eris, 2004). The
model makes a distinction between two levels of questions: Low-level Questions and High-level
Questions. The High-level Questions are divided in Deep Reasoning Questions (DRQs) and
Generative Design Questions (GDQs). Low-level questions are mainly information seeking
questions and are posed when a questioner for example wants clarification or verification
about certain aspects of the design. High-level questions ask for a higher level of reasoning and
often entail reflection, evaluation and/or generation. In the model Low-level Questions and
DRQs are classified as convergent. These types of questions are presumed to facilitate
convergent thinking processes and share the share the common premise that a specific answer,
or a specific set of answers, exists. GDQs are classified as divergent, since they are presumed to
facilitate divergent thinking processes by proposing alternative answers and prompting their
generation.

The first author initially coded all the transcribed data, after which consensus and
consistency were promoted by routinely discussing the coded data with the second author.
Since we were not solely interested in questions, not all instances of feedback could be coded
with Eris’ model. These particular segments of feedback were therefore coded inductively,
which resulted in three new codes: ‘Critique’, ‘Compliment’ and ‘Direct recommendation’. For
the purpose of this study, we added these three codes to Eris” model and classified them as
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Low-level Comments and part of the convergent category. This adapted model is visualized in
Figure 8.

Types of responses

To determine the different types of responses of the design teams, all responses were labelled
through open-coding, allowing codes to emerge from the data itself. Four of these response
types were previously identified in this particular dataset through open coding, namely ‘band-
aids’, ‘already in there’, ‘question not relevant’ and ‘it’s not possible’ (Schut, Klapwijk, Gielen,
van Doorn, et al., 2019). Afterwards we refined these codes by comparing them to a framework
of student response codes created by Cardella et al. (2014) and Cummings et al. (2015). Due to
the different context of their studies the conscious decision was made to not use their
framework inductively. When comparing the codes uncovered through open coding to the
framework of Cardella et al. (2014) and Cummings et al. (2015) we found that several codes
overlapped, some could be adopted and a few could be dismissed due to irrelevance to our
context. Overlapping codes were merged and the code name from the source that described
the response type in most detail was adopted. From this process an improved framework for
initial responses to design feedback in primary design projects emerged, which is made visible
in Table 4. Again, the first author initially coded all the transcribed data, after which consensus
and consistency were promoted by routinely discussing the coded data with the second author.

CATEGORY EXAMPLE
Request Can you hand me the wheel?
Verification Did John leave?
Disjunctive Was John or Mary here?
Concept Completion What did Mary eat?
|-°W'|?VE| Feature Specification What material is the wheel made of?
Questions Quantification How many weels do we have?
Definition What is a pneumatic robot?
Example What are some flying insects?
Comparision Does the small wheel spin faster?
Judgemental Which design do you want to use? Convergent
Compliment This part of the design works well. Thinking
cLow—IeveI Critique | don't think it's possible to make this work.
omments N ) . i
Direct Recommendation | | think you should do this.
"1 Interpretation Will it slip a lot?
Deep Procedural How does a clock work?
Reasoning Causal Antecedent Why is it spinning faster?
Question Causal Consequence What happenend when you pressed it?
(DRQ) Rationale/Function What are the magnets used for?
High-level Expectational Why is the wheel not spinning?
Questions __| Enablement What did they need to attach the wheel?
"] Enablement What allows you to measure distance?
GE”EE;V?] Method Generation How can we keep it from slipping? i
Questign Proposal/Negotiation Can we use a wheel instead of a pulley? _I[?'I‘\::E:;t
(Gba) Scenario Creation What if the device was used on a child?
_-| Ideation What can we do with magnets?

Figure 8: Adapted version of Eris’ Question Driven Design Model. The Low-ewe Comments
category was added for the purpose of this study.
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Table 4 Pupils’ initial responses to design feedback

Code Description of the behaviour

Band-aids Proposing adjustments or elaborations that don't present a valuable and
relevant development and leave the flawed core of a design idea intact.

Already in there Dismissing uncovered shortcomings by stating (falsely) that they have been

present within the design idea all along.
Question not relevant  Indicating that the given feedback holds no relevance to the design idea.

It’s not possible Dismissing proposed adjustments or elaborations on feasibility without
proper evaluation.

Ideation Coming up with new ideas/exploring new possibilities

Confirming Confirming that what someone states/assumes is correct

Insecure Reaction indicating insecurity about what to answer

Show Physically showing something (part of design/drawing/etc)

Ask Clarifying questions

Restate Student restates the information from the person providing the feedback

Acknowledge Indication of active listening

Agree “Ok”, “I will do that”

Report Explaining a feature or the design

Silence (non-verbal) No reaction present
Nodding (non-verbal)  Physical response to any type of feedback

3.4 RESULTS

The following sections introduce the occurrence of the different types of feedback and
responses throughout both critiquing moments. Specifically, we concentrate our efforts
towards discussing the responses that indicate a form of resistance and towards design
feedback and expose their relation to the nature of the feedback types and additional feedback
properties.

3.4.1 Types of feedback

Figure 4 gives an overview of the occurrence of the different types of feedback during the first
and second critiquing moment. In accordance with Eris’ model, low-level questions, comments
and DRQs are categorised as convergent and GDQs as divergent. In both critiquing moments
convergent as well as divergent is posed by the client as well as the peers. Overall, the first
critiquing moment contained more instances of feedback than in the second. In this first
critiquing moment, the client posed more feedback than the peers, especially low-level
questions, comments and GDQs. In the second critiquing moment the peers posed more
feedback than the client. Remarkable is the relatively high amount of DRQs asked by the peers
during this critiquing moment.

50



Chapter 3 | Results

Feedback occurence during 2nd critiging moment

B client Paers
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Low-level Questions Low-level Comments Deep Reasoning Generative Design
Questions (DRQs) Questions (GDQs)

Feedback occurence during 1st critiging moment

M client Peers
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5
0 N . : s
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Questions [DRQs) Questions (GDQs)

Figure 9: Occurrence of the different types of feedback posed by client and peers during the 1
and 2™ critiquing moments.
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Convergent feedback

Overall convergent feedback was most prominent during both critiquing moments. When
looking closer at the different types of convergent feedback, we see that the client mostly
engaged in low-level questions and comments, while the peers took a leading role in posing
Deep Reasoning Questions (DRQs).

Low-level questions were generally posed by the client to clarify or verify certain
aspects of the design idea. For example:

Client: What are the game rules?
Client: Ok, so ifl understand correctly there is a video game attached to it?

Client: So, you are moving in the game and on the screen?

Since the client took a leading role in both critiquing moments and was generally the first to
provide feedback to the design teams, this could explain why most low-level questions were
posed by the client.

The low-level comments that were posed by the client mainly consisted of compliments. Often
these compliments were interwoven with other types of feedback. For example:

Client: You did choose a really nice topic. Something that everybody will find cool. And
that was also sort of my assignment right, creating something that everybody will find
cool. [compliment (low-level comment)] Yet, what is really new about it? [Causal
Antecedent (DRQ)] What makes this different? [Rational (DRQ)]

Client: I think it’s really cool! [compliment (low-level comment)] I envision the gym of the
future maybe without all that equipment [proposal (GDQ)]. That there is nothing in the
gym, only those beamers and a really cool game that we can project. [ideation (GDQ)]

In both examples the client starts with a compliment, after which he directly continues with
expressing a concern or posing a suggestion.

Even though the peers also posed a few low-level questions and comments, the great
majority of their feedback consisted of DRQs. More than half of all feedback that was given by
the peers consisted of this type of feedback. The high-level questions they posed were
concerned with how the design came to be, how it exactly works and why it works that way. For
example:

Peer: Well, how can you for example climb that tree?

Peer: Most of the equipment is not very high, so how can you then hide well?

52



Chapter 3 | Results

Peer: | don’tthink a player is able to slide on their knees the entire time. Right?

In the DRQs above, several concerns are expressed about the designs. By posing these
questions the peers ask the design teams to reflect and evaluate their design.

Divergent feedback

Divergent feedback, in the form of Generative Design Questions (GDQs), was present in both
critiquing moments. Yet a clear spike in its occurrence was observed in the first critiquing
moment, caused by the client. Through divergent feedback he appeared to persuade the design
teams to explore alternative features or possible new additions to the design. For example:

Client: I am searching for a way to customize it for different players. How could we do
that?

Client: So maybe, when using a camera, you [a player] could think ‘well, 'm not someone
that is able to run fast, so | stay far from the catcher’. And someone who is very good (in
running fast), they maybe need something to provoke the catcher a bit?

3.4.2 Types of responses

The type of responses that followed the different instances of feedback varied throughout the
critiquing moments. The occurrence of many of the responses appears incidental, making it
difficult to discover distinct patterns. However, there was a group of responses that took a
prominent position in both critiquing moments. Together, the ‘band-aids’, ‘already in there’,
‘question not relevant’ and ‘it’s not possible’ made up about half of the responses in both
critiquing moments. Through these responses the design teams showed resistance towards the
design feedback posed to them. In the next section we discuss the observed feedback and an
overarching pattern preceding these four types of responses. From now on we will refer to these
four types of responses as ‘resistance responses’.

3.4.3 Feedback preceding the four resistance response behaviours

Convergent feedback

The resistance responses were predominantly preceded by convergent feedback, especially by
DRQs posed by classmates. Through these DRQs the classmates often revealed to the design
team how they expected certain mechanisms in the design idea to function incorrectly. The
following ‘no handball included-example illustrates this. In all examples ‘pupil’ plus a number
refers to members of a design team.
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No handball included
Peer: If you for example throw a ball during handball, then the computer can never know

how fast you throw. Because he can also not. ..

Pupil 1: But we don’t offer handball.

Peer: Okay. Then soccer, if you then kick the ball then you don't know how fast you will
kick?

Client: Well, the computer would be able to measures that. You can make that happen.
Pupil 2: Yes, there are machines that can measure how fast it goes.

Here the expectation of the classmate is that the computer will never be able to measure the
speed of a ball thrown within the game. First the design team tries to parry the question by
focussing on the sport used in the example, which they state is not part of their idea. This
behaviour enables the team to ignore the question and show that their idea still ‘works’. The
peer then repeats the expectation, prompting the client to step in and contradict the
expectation of the classmate. This help is quickly embraced by the team. DRQs generally ask for
reflection and evaluation of the design idea, which can ultimately help to develop and improve
it. Yet this behaviour was not observed here. The first reaction of the team to feedback of the
peer was to parry it, showing little intention to evaluate the feedback and possibly using it to
improve their idea. This behaviour could have been promoted by the peer sharing expectations
about the idea without any explanation towards the team as to what these assumptions are
based on.

A second example showcases another instance in which a peer poses a DRQ, yet does
not communicate the expectations and assumptions about the design idea clearly and directly.

No friends needed

Peer: How can you do this game with friends?

Pupil: Well. You don’t have to do it with two people, you can also do it alone
Peer: Okay. ..

The peer’s question stems from the design question given by the client, which focusses on
pupils being active together. One of the pupils from the design team answered that the game
can be played alone, implying that no other players are needed. This left the peer a bit puzzled.
Here, the peer expects the design idea to not fulfil a certain wish of the client, namely:
stimulating playing together. Yet this expectation is not communicated directly by referring to
the design problem and the unfulfilled design criterion. Again, the first reaction of the design
team is to parry the question, instead of taking it as an opportunity to reflect and evaluate.
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Divergent feedback

There were also instances in which the four resistance responses were preceded by divergent
feedback in the form of GDQs, which were mainly posed by the client. In those cases, the client
often proposed multiple new alternatives for certain features or completely new additions to
the design idea. The following example dialogue showcases how one of the design teams reacts
to the divergent feedback of the client.

New proposals
Client: What might be nice is something you can see in some playgrounds.

That you get points if you hit something. You know?

Pupil: Yes, this game is that you can shoot and then you get points.

Client: Yes. And that could be from two sides this way. Right?

Maybe the computer can control and move this, or that you move it yourself.

Pupil: Ifyou stand there the sticks will fall and then you can get them really fast.
Client: Yes, nice. Or maybe this goal can turn around and

that you think of a game in which the goal moves around all the time.

That will keep making the game more difficult.

Pupil: [silence...] Maybe. .. [end conversation]

The client starts with proposing a new addition to the game. The design team reacts by stating
that his proposed addition is already present in the idea. The client then continues with a
stream of several new additions, showcasing different directions in which his proposal could be
manifested in the game. The dialogue then ends with the team showing little enthusiasm
towards the proposed additions of the client.

Although the feedback of the client can be classified as divergent, it does not appear to
spark any new DT processes with the design team. This could be due to the stream of additions
the client proposes, which he thinks will make their idea better, without checking with the team
how they view these additions in relation to their idea. All the proposed additions appear to
stem from the client’s expectation that the game needs to get more difficult over time, but this
is not mentioned explicitly. Furthermore, the client assumes that the current state of the design
idea does not yet fulfil this assumption. Yet this is not communicated clearly, therefore keeping
the team in the dark about the client’s true intentions for the majority of the dialogue. Although
other reasons may exist, this lack in transparency may to have caused that the design team was
less open to the new additions.
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3.5 DISCUSSION

3.5.1 Divergent & convergent design feedback

Our results show that with no guidance on how to give design feedback, the client and peers
(age 9 - 11) both pose divergent as well as convergent feedback to the design teams. Yet overall
convergent feedback was considerately more prominent in both critiquing moments. This
result has similarities to previous studies which also found convergent feedback to occur more
frequently (Cardella et al., 2014; Cardoso et al., 2014; Cummings et al., 2015; Yilmaz & Daly, 2014,
2016). We observed that the client posed the majority of convergent feedback through low-level
comments and questions, concerned mainly with clarifying the designs of the teams. This focus
on clarification by the client has similarities to previous studies, in which instructors were
observed to also have this tendency (Cardella et al., 2014; Cardoso et al., 2014, Cummings et al.,
2015).

Although few instances of high-level convergent feedback were found with the client,
more than half of the feedback posed by the peers consisted of high-level convergent DRQs. By
posing these questions the peers ask the design teams to reflect and evaluate their past,
present and future design decisions. This is quite remarkable and suggest that more research
on this phenomenon is needed. One explanation could be that because they were participating
in the same design sessions as the design teams presenting, certain design choices made by the
teams were more striking to the peers than to the client. Additionally, the teacher noted that
the pupils were used to giving feedback during other subjects, although we have no information
on the nature of this feedback. Next to this, we speculate that the client might not have known
how to pose these types of reflective and evaluative questions to that age group, therefore
abstaining from it. Cardoso et al. (2014) found the instructor in their study to also abstain from
DRQs in a university context, which could point to a more general difficulty in posing these
types of questions.

Even though overall convergent feedback was more prominent, divergent feedback
was also present in both critiquing moments. The client was the one primarily engaging in
divergent feedback in the form of GDQs. Additionally, there was a spike of divergent feedback
during the first critiquing moment. We speculate that this could be due to the unfinished state
of the design ideas during the first critiquing moment and assume that the client tried to
encourage the teams in developing their ideas by posing GDQs.

3.5.2 Reactions to the design feedback

The results on the occurrence of the different type of responses showcase how the convergent
or divergent nature of the feedback does not necessary guarantee the start of the
corresponding thinking processes within the design teams. Around half of all responses
consisted of one of the four resistance responses, which stagnated the divergent and
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convergent thinking processes of the design teams. In those instances, the convergent
feedback, especially DRQs, did not lead the design teams to reflect or evaluate their design.
Instead, the design teams appeared to become defensive and tried to prove the quality of their
design, which is similar to results found by others in the context of higher education (Cardella et
al., 2014; Cardoso et al., 2014; Cummings et al., 2015). Additionally, the occurrence of resistance
responses also pointed out how divergent feedback did not always spark new ideation
processes. It appears that only the convergent or divergent nature of the feedback is not
enough to guarantee the start of new divergent or convergent processes with the pupils.

3.5.3 Possible contributing factors

The resistance the design teams exhibited to the design feedback given by the client and peers
hampered their creative thinking processes. We believe there are several factors that could have
contributed to this high occurrence of resistance responses of the teams. Firstly, we speculate
that the high occurrence of convergent feedback might have limited the start of creative
thinking processes within the design teams. High occurrence of convergent feedback is
thought to hamper exploratory thinking and risk taking, which are both essential within creative
processes (Tolbert & Daly, 2013; Yilmaz & Daly, 2016). Although convergent thinking is essential
in working towards a final design, more balance between divergent and convergent feedback
could prove promising in creating better and more creative designs.

Besides this, we presume that (implicit) expectations and assumptions about the
design ideas, that we found present within the convergent and divergent feedback, hindered
the start of both DT and CT thinking processes. Interpretive challenges in feedback are known
to cause communication problems for students and instructors (Sadler, 2010). Due to the
implicit nature of the expectations and assumptions, there was an absence of mutual
understanding between the design teams, the client, and peers about the (sub)problems
present in the designs. Since the teams did in general not use the feedback to subject their
design to any critical evaluation (CT) in order to detect these (sub)problems, there was no need
to generate new ideas (DT) to elaborate or adjust the design. Critical evaluation appears to not
come ‘naturally’ to the pupils, a notion that is supported by research done by Blom and
Bogaers (2018) in the field of Linkography with young novice designers (age 13-14).

Furthermore, the parrying of feedback by the design teams suggests that they might
have felt a high level of attachment to their design ideas. This could have made it difficult for
them to decide to accept or reject the feedback, since their abilities to objectively consider the
feedback might have been impaired. Literature shows that high levels of ownership can create
feelings of loss when confronted with suggestions for change, making people less likely to fully
adopt the given feedback (Baer & Brown, 2012a). Yet, we must note that feelings of ownership
can also have a positive impact on developing promising ideas of which their potential is not
immediately recognized. A designer has to develop the skills to be able to balance between
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remaining open to possible flaws within the design ideas, yet also persistent in developing a
promising idea despite receiving negative feedback (Crilly, 2015; Csikszentmihalyi, 1999).

Ultimately, it appears that there is a need for guidance on deciding what to do with
each piece of feedback; (partly) accept or (partly) reject. The development of critical thinking
skills are needed in order to objectively explore the feedback before accepting or rejecting it.
Novice designers must learn to suppress the tendency to immediately reject criticism, and
‘temporarily accept’ it to explore its merit.

3.6 CONCLUSION

Earlier research emphasizes that feedback can encourage a designer to take DT as well as CT
paths during their design process (Cardoso et al., 2014; Yilmaz & Daly, 2014, 2016). Nevertheless,
our results show that feedback on design ideas does not necessarily help young novice
designers (pupils aged 9-11) to engage in divergent and convergent thinking processes. Our
study shows that divergent feedback will not necessarily promote divergent thinking processes,
whereas convergent feedback will not necessarily promote convergent thinking. Resistance
responses were widespread. The novice designers frequently rejected feedback immediately
instead of accepting it temporarily to explore its merit. This led to stagnation of divergent and
convergent thinking processes within the teams, resulting in a lack of critical reflection and a
loss of openness which hampered the creative process. We point to the assumptions and
expectations of clients and peers that were only implicitly present in the feedback on the design
ideas as one of the factors sparking this resistance in design teams. We therefore suggest (1) the
use of concrete convergent feedback followed by (2) divergent feedback to regain openness
and spark new creative thinking processes.

3.7 Limitations

This study has some limitations due to the focus on the responses directly after the feedback
was given. It is possible that in some instances, the feedback may have instigated the
concurrent divergent or convergent thought processes at a later stage within the teams.

3.8 Recommendations & Future research

We believe that feedback from clients and peers can still be a fruitful strategy in learning to be
creative and to apply DT and CT thinking. However, all parties involved - teachers, clients and
pupils - need to learn to give and receive sound feedback. Feedback conversations should be
constructed carefully, as they are sensitive and filled with fragile egos, sensitive identities and
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insecure learning processes (Dannels, 2011; Goldschmidt, Hochman, & Dafni, 2010; Wiliam,
2017). What is being said by who and the reactions that follow create a complex minefield in
which all participants need to learn to navigate. We suggest that design feedback needs to be
concrete and should clearly explain any expectations and assumptions the feedback giver
might have about the design in order to reach a mutual understanding. When a mutual
understanding is reached about the (sub)problems within the designs, there is room to regain
openness and use divergent feedback questions to spark new DT processes. Additionally, the
development of critical thinking skills could help young novice designers to objectively explore
the feedback before accepting or rejecting it

Further research on feedback that forwards the design process is needed in all levels of
education. Ideally, both the feedback and the responses are be studied to be able to develop
guidelines for DT and CT feedback. Our results show that Eris” Question Driven Design Model
can be utilized as a framework to analyse design feedback of a real-life client and peers in the
context of primary education design projects. A new category of low-level comments was
added to the framework to account for the instances of design feedback which could not be
coded. Due to our limited data-set, we believe additional research that utilizes this framework
to analyse design feedback could prove valuable. Furthermore, the framework we constructed
to analyse the responses could also benefit from additional research, since we believe other
types of responses might still occur in different data-sets and contexts.
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This chapter is based on: Schut, A., van Mechelen, M., Klapwijk, R., Gielen, M., De Vries., M. J.
Towards constructive design feedback dialogues: guiding peer and client feedback to stimulate
children's creative thinking. Int J Technol Des Educ (2020). https://doi.org/10.1007/s10798-020-
09612-y

4.1 INTRODUCTION

The previous chapters demonstrate that behaving creatively does not always come naturally to
the designing pupils. Their creative thinking processes can easily be stagnated by several
different factors. We have observed these instances of stagnation first-handed in the previous
two chapters, where they became visible through the non-constructive design feedback
dialogues the primary school pupils had with their clients and peers (Schut, Klapwijk, Gielen, &
De Vries, 2019; Schut, Klapwijk, Gielen, van Doorn, & de Vries, 2019).

Design feedback is generally assumed to be beneficial to the creative design process
(Crilly, 2015). It is often utilized as a tool to guide creative thinking and, therefore, the
development of a design. However, Chapter 2 shows that pupils’ creative thinking is not
necessarily stimulated or enhanced by the feedback conversations. In various cases, it was
observed that the students (pupils) showed resistance towards the feedback and a lack of
evaluative and generative thinking processes (Schut, Klapwijk, Gielen, van Doorn, et al., 2019).
When analysing the feedback dialogues, we observed problems with receiving, as well as
constructing design feedback. Therefore, we believe that guiding how design feedback is given
and received can create new opportunities to stimulate and enhance the pupils’ creative
thinking while designing.

In this chapter, we report on the construction and use of a peer feedback intervention
meant to stimulate constructive feedback dialogues between design teams of primary school
pupils, their peers and the clients, while participating in a real-life design project. The overall
goal of this study is aimed at gaining insight in the possible ways of guiding a design feedback
dialogue to stimulate young novice designers’ creative thinking. This study takes an
educational design research approach, in which the peer feedback intervention is developed
and optimized over two cases (Bakker, 2018; Van den Akker et al., 2006). We will uncover the
success and obstacles of the peer feedback intervention and from this form recommendations.
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4.2 LITERATURE REVIEW

4.2.1 Creative thinking in design

Creative thinking processes are central to designing and can be seen as the key driver of the
creation and development of a design. Central to creative thinking is the utilization of both
divergent (DT) and convergent (CT) thinking processes (Goldschmidt, 2014, 2016; J. P. Guilford,
1967; Howard-Jones, 2002). DT is generative in nature and entails the generation of new
thoughts and ideas, and CT is evaluative in nature and entails reflection and evaluation of these
(or existing) thoughts and ideas (Sowden et al., 2015). Following the dual-process theory of
creative cognition, there is a continuous shifting between both modes of thinking when working
towards a creative solution (Finke et al., 1992; Howard et al., 2008; Sowden et al., 2015).

These continuous shifts are not only essential for the generation of initial ideas, but
also for the development of these initial ideas into complete final designs (Isaksen et al., 2010;
Tassoul, 2009). Through critical reflection and evaluation (CT), various shortcomings and sub-
problems within the designs can be identified, which, in turn, can lead to the generation (DT) of
new additions and alterations. Navigating these creative thinking processes is not an easy
endeavour, especially for young novice designers. Therefore, design feedback is commonly
utilized within design education as one of the types of guidance (Dannels et al., 2008; Nicholl,
2004; Tolbert & Daly, 2013).

4.2.2 Feedback in Design Education

Thus far, little is known about design feedback in the context of primary education (Schut,
Klapwijk, Gielen, & De Vries, 2019). However, feedback interventions are a common educational
practice within the context of design disciplines at a university level and are known as design
critiques (crits) or design reviews (Anthony, 1991; Dannels & Martin, 2008; Healy, 2016). Students
get the opportunity to update their instructors, peers and other stakeholders - such as real or
simulated clients and potential users - on their process and the status of their design and
collect feedback (Dannels & Martin, 2008; Oh et al., 2013). These critiquing moments can be
considered as central to design education and practice (Gray, 2013a, 2013b). It prepares the
novice designers for the ‘real world’ by socializing them into the discipline (Oh et al., 2013) and
it is seen as a primary form through which they acquire expertise from their instructors and
other stakeholders (Dannels, 2005; McDonnell, 2016; Oak, 2000) and develop their design skills
(Hokanson, 2012; McDonnell, 2016).

Design feedback dialogues are often about improvement and development of a design
and can directly impact the divergent or convergent paths a novice designer might take
(Cardoso et al., 2014; Oh et al,, 2013; Yilmaz & Daly, 2016). Questioning can spark novice
designers to think more deeply and broadly and help them to improve and develop their design
(Stables et al., 2016). Within general education, it is well recognized that dialogues can play an
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essential role in learning when guided in a constructive manner (Colfer, 2017; Mercer & Littleton,
2014). However, it is well known that design feedback is not always shared through constructive
dialogue and therefore, does not always benefit the creative thinking processes (Anthony, 1991).

4.2.3 Non-constructive feedback dialogues

At a primary school level, it has also been observed that feedback dialogues easily
become non-constructive (Schut, Klapwijk, Gielen, & De Vries, 2019; Schut, Klapwijk, Gielen,
van Doorn, et al., 2019). Specifically, Schut et al. (2019) observed that the convergent or
divergent design feedback does not automatically guide young novice designers
towards the concurrent creative thinking processes. The discrepancy between the
direction the design feedback drives towards and the actual thinking processes that
take place thus occurs at all educational levels.

At university level, several studies indicate how instructors appear to mainly utilize
convergent feedback, through which they tend to focus on the clarification and reasoning
behind certain design decisions (Cardella et al., 2014; Cardoso et al., 2014; Cummings et al.,
2015; Daly & Yilmaz, 2015; Yilmaz & Daly, 2014, 2016). As a result, the instructors expected a level
of reflection and evaluation of the students. However, the students were often found to become
too descriptive (Cardoso et al., 2014) or even defensive, trying even harder to convince everyone
of the quality of their design (Cardella et al., 2014; Cummings et al., 2015). Although favouring
convergent feedback is an understandable strategy when wanting to eliminate ambiguity and
encourage reflection and evaluation, these results show that students' convergent thinking
processes are not always that easily triggered.

At a primary school level, Schut et al. (2019b) also observed that the high level of
convergent design feedback did not always promote constructive dialogue. Similar to the
studies at a university level, it was observed that the convergent feedback did not automatically
trigger reflection and evaluation with the young novice designers. Instead, they showed
resistance to the feedback of their peers and the client by rejecting or ignoring it. Especially the
convergent feedback of the peers, which actively asked the young novice designers to reflect
and evaluate their past, present, and future design decisions, was often met with resistance
(Schut, Klapwijk, Gielen, & De Vries, 2019).

Overall, divergent feedback appears to occur rather infrequently in the studies at a
university level (Cardella et al., 2014; Cardoso et al., 2014; Cummings et al., 2015; Yilmaz & Daly,
2016) as well as a primary level (Schut, Klapwijk, Gielen, & De Vries, 2019). Therefore, there is not
as much known about novice designers’ responses to this type of feedback, as with convergent
feedback. Although divergent feedback would ideally stimulate a form of ideation, Chapter 3
that it was again often met with resistance similar to the convergent feedback.
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Based on this review, we conclude that there is often a discrepancy between
the goals of educators and other feedback givers and the actual thinking processes
that are triggered. This brings us to the questions of whether and how guidance in
giving and receiving convergent and divergent design feedback can help overcome
unconstructive feedback dialogues. We want to address this gap in knowledge by
proposing, implementing, and analysing a design feedback procedure that focusses on
evoking desired concurrent creative thinking processes with young novice designers.

4.2.4 Resistance towards design feedback

The reactions of the novice designers in the previously discussed studies display that they are
not always open to feedback, which could hinder their creative thinking and, therefore, the
development of their design. To be able to behave creatively while designing, it is essential to
keep a balance between persistence and openness (Crilly, 2015; Csikszentmihalyi, 1999). On the
one hand, a designer needs to be persistent in pursuing valuable ideas in the face of negative
feedback (Crilly, 2015), especially since creative ideas are often not recognized in its early stages
(Tassoul, 2009). However, on the other hand, one must also be open to the possibility of being
misdirected (Crilly, 2015).

The study presented in Chapter 2 uncovers how the young novice designers' resistance
and lack of openness when developing their designs can be explained through the occurrence
of concept fixation (Schut, Klapwijk, Gielen, van Doorn, et al., 2019). This type of fixation appears
to have been observed in multiple studies with young novice learners (Luo, 2015; B Nicholl &
McLellan, 2007; Bill Nicholl & McLellan, 2007), although the difference of this type of fixation
from fixation in the ideation phase is often not made clear. Concept fixation is a type of design
fixation - see (Jansson & Smith, 1991; Purcell & Gero, 1996) - that can occur during the concept
development stage of a design process and “leaves the designer stuck in a certain train of
thought, adhering to the current (possibly unfavourable) state of the design (idea)” (Schut,
Klapwijk, Gielen, van Doorn, et al., 2019). A creative design process is full of insecurities, and part
of the process is to become comfortable with that (Lawson, 2006). It is, therefore,
understandable that novice designers tend to hold onto their ideas. Additionally, research by
(Baer & Brown, 2012a) suggests that too much ownership can lead people to have feelings of
negative effect and loss towards proposed changes, which directly influences their openness to
change.

Overall, too much persistence and adherence leads to a lack of critical reflection and
evaluation, which already appears to be limited with young novice designers compared to
experienced designers (Blom & Bogaers, 2018; Goldschmidt, 2016). This lack leaves possible
shortcomings in the design undiscovered and, in return, dismisses any need for new divergent
thinking processes to generate new solutions and elaborations. Therefore, guiding convergent
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design feedback constructively could help young novice designers to uncover shortcomings in
amanner that does not evoke as much resistance.

4.2.5 Stimulating convergent and divergent thoughts

Studies by Eris (2004) and Cardoso et al. (2016) utilizing Eris’ Question Driven Design Model
showcase that high-level questioning can facilitate moments of critical reflection and
evaluation within design teams of university students, which helps them realize previously
unthought-of obstacles or concepts (Eris, 2004) and makes them consider alternatives to their
current design trajectory (Cardoso et al., 2016). Additionally, the results of both studies show
that although high-level convergent feedback can facilitate moments of reflection and
evaluation, the combination with high-level divergent feedback is needed to move the creative
design process forward (Cardoso et al., 2016; Eris, 2004). This necessity for providing a way
forward is also affirmed by research into effective feedback for learning within a general
educational context (Black & Wiliam, 1998; Hattie & Timperley, 2007). Additionally, a lack of
divergence can hamper exploratory thinking and risk-taking, which are essential within creative
processes (Daly & Yilmaz, 2015; Tolbert & Daly, 2013; Yilmaz & Daly, 2016).

However, Chapter 3 shows that just posing high-level convergent and divergent
feedback is not enough to ensure constructive dialogue and can still evoke resistance (Schut,
Klapwijk, Gielen, & De Vries, 2019). In that study, it was uncovered that (implicit) expectation
and assumptions the peers and clients had about the design ideas lead to a lack of mutual
understanding about possible shortcomings present in the designs. Interpretive challenges are
known to cause communication problems during feedback dialogues (Higgins et al., 2001;
Sadler, 2010). Hence, before posing high-level feedback, a shared understanding of the design
needs to be reached (Schut, Klapwijk, Gielen, & De Vries, 2019; Stables, Kimbell, Wheeler,
Derrick, et al., 2016). Therefore, questions that ask for verification and clarification still appear to
be a critical first step.

In conclusion, for design feedback to be effective in stimulating young novice
designers’ creative thinking it needs to: (1) guide towards a shared understanding of the design
through low-level convergent feedback, (2) stimulate critical reflection and evaluation of the
design to help identify and internalize possible shortcomings through high-level convergent
feedback, and (3) provide a way to move forward by guiding new generative thoughts through
high-level divergent feedback. These conclusions will form the key principles for the design of
the new peer feedback intervention.

We are interested in the influence of the peer feedback intervention on the divergent
and convergent nature of the design feedback and the concurrent creative thinking processes
of the young novice designers. This led to the following research question: In what way does the
peer feedback intervention influence the convergent and divergent nature of the design feedback
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given by the clients and peers and the concurrent direct responses of the pupils? Our main
contribution entails a detailed understanding of the successes and obstacles within the
feedback dialogues within a primary school context as guided by the new feedback procedure;
and possible future improvements.

4.3 RESEARCH DESIGN

To answer the RQ we utilized an educational design research approach, comprising of two
cases over one year (Bakker, 2018; Van den Akker et al., 2006; Yin, 2014). These two cases
followed the initial explorative case of the studies discussed in Chapters 2 and 3, therefore these
two cases will from now be named Case 2 and 3 (see Figure 1, Chapter 1). During these two
cases, two groups of primary school pupils (ages 7-12) from two different schools were guided
to design solutions for real-life design challenges. Part of this guidance consisted of the
developed peer feedback intervention. The intervention was slightly adapted after Case 2. The
adaptation will be discussed in section 4.3.3.

4.3.1 Participants

The two cases took place at two different primary schools in the Netherlands. The selection of
schools was based on their interest in design and technology education and a wish to
experience a guided hands-on design project. From each school, one classroom of pupils
participated in the study. Table 5 gives a more detailed overview of the two cases. In both
school classes the pupils {aged 7-12) had no previous hands-on experience with designing,
apart from 8 pupils of Case 2 who participated in a short pilot case-study a few weeks prior (Van
Mechelen et al., 2018). Before the start of the design project, the pupils were divided into
gender-mixed heterogeneous design teams of four pupils by the teacher. In Case 2, the pupils
who participated in the pilot case-study were divided over the teams. From each school class,
four design teams were selected for in-depth data collection and analysis. The selection was
made by the teacher and based on our request to select four teams that could represent the
class as a whole concerning academic achievement and collaboration.
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Table 5: Overview of Cases 2 and 3

Case 2 Case 3
Education type | Montessori Dalton
Participants School class of 27 pupils (age 8-12), 7 | School class of 27 pupils (age 7-11), 7

design teams total, of which 4
selected for in-depth analysis

design teams total, of which 4
selected for in-depth analysis

Design theme

Outdoor education: Design
something that enables regular
indoor classes (calculus, language,
geography, etc.) to be taught
outdoors.

Long-term hospitalized children’s
wellbeing: Designing something for
the park of the hospital that enables
hospitalized and non-hospitalized
children to play and be active
together.

Design sessions

6 sessions of 90-120 minutes
Spread over 3 weeks (1 session a
day)

6 sessions of 90-120 minutes
Spread over 2 weeks (2 sessions a
day)

Client(s) 1 adult representative of the Dutch 1 adult representative and 4 child
NGO: Jantje Beton, which is an representatives of a Dutch children’s
organisation that promotes outdoor | hospital.
play and activities.

Client(s) Responsible for the creation of Adult representative:

background several of Jantje Beton’s nationally Head of the education department

promoted outdoor play events and
activities for primary school pupils.

and manages the hospital’s
children’s council.

Child representatives:

Part of the children’s council and are
experts through experience. They are
either chronically ill or previously
long-term hospitalized children. The
council helps the hospital with
improving any aspect of care.
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4.3.2 Design Sessions

During the two cases, the design teams worked on solving real-life design challenges presented
to them by real clients. For two to three weeks, they were guided through the entire design cycle
in design sessions of 90 to 120 minutes. The different phases of the design sessions were
structured as follows: introduction & sensitizing, exploring the design theme, defining a point of
view, ideation, selection & detailing, feedback on the design ideas, concept development &
prototyping, and feedback on the final designs. The design activities were based on tools and
methods from the CPS tradition {Isaksen et al., 2010; Tassoul, 2009), design tools from the Delft
Design Guide (Van Boeijen et al., 2013) and lessons learned from previous studies conducted by
the researchers connected to this study. These lessons learned included, but are not limited to,
the following topics: design fixation (Schut, Klapwijk, Gielen, van Doorn, et al., 2019), design
feedback (Schut, Klapwijk, Gielen, & De Vries, 2019), group dynamics ((Van Mechelen et al., 2015),
co-design processes (Van Mechelen, 2016; Van Mechelen, Laenen, et al.,, 2019), and pupils’
design skills (Van Mechelen et al., 2018; Van Mechelen, Schut, et al.,, 2019). Table 6 gives a
concise overview of the content of each of the design sessions. Furthermore, the tools used in
the design sessions can be found on the following websites: www.tudelft.nl/codesignkids
(English version) and www.tudelft.nl/yourturn (Dutch version)

The design sessions took place in a classroom setting, and all design teams took part
simultaneously. The first and second authors facilitated the sessions. The teacher of the class
was present during all of the design sessions to assist with any classroom management or
behavioural issues. The researchers facilitated the design sessions instead of the teachers, to
ensure that the content of the sessions was implemented as envisioned.

4.3.3 Peer Feedback Intervention

Overall, the goal of the peer feedback intervention was to support a constructive feedback
dialogue that would stimulate the design teams’ creative thinking and help prevent and/or
overcome resistance. The intervention was based on the conclusions from the literature review
and the pilot case-study (Van Mechelen et al., 2018) and was implemented in the 4", 5" and 6"
design sessions. Furthermore, a few changes were made to the procedure in Case 3 based on
the observations in Case 2. Since these changes primarily affected aspects of the procedure
during the 5™ design session, they are disregarded in this particular study.

In the 4" and 6" session, a design critique took place, during which the design teams
took turns to present their design and receive feedback from their peers (the other design
teams) and the clients. In the 4™ session, the focus of the critique was on improving and
elaborating on the designs. In the 6" session, the focus was firstly on communicating the final
designs in detail to the client and secondly on exploring future improvements and elaborations.
During the 5™ session, the design teams selected the feedback which they wanted to utilize to
improve their design. Since the focus of this study is on the feedback dialogues, the focus will lie
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on the implementation of the intervention during the 4" and 6" design sessions. Table 7 gives a
concise overview of the procedure of the intervention during these two sessions.

Table 6: Overview of the content of the design sessions

Design Session Content
0. Introduction & e Pre-session one week prior to the start of the design
Sensitizing project

e Announce the start of the project and give a short
introduction.

e Pupils received sensitizing assignments that they had
to complete before the start of the first design session.
These assignments were meant to trigger reflection
about the design theme.

1. Exploring the design e Introduction of the design cycle and design skills
theme e Theclient (s) introduced the design theme.
e Exploring design theme through stories

2. Defining a point of view e Introduction to problem defining
e Defining an ideal situation, design question, and
design criteria

3. Ideation, selection & e |deation guided by brainstorming tools
detailing e Idea selection guided by selection tools
e Detailing selected idea with an elaboration tool

4. Feedback design ideas e Fach design team presents their design idea and
receives feedback from the clients and their peers
e Focus on improvement and elaboration of the design

idea
5. Concept development & e Fach design team selects design feedback to improve
elaboration and elaborate on their design
e Building models or prototypes to develop the design
idea
6. Feedback final designs e Fach design team presents their final design and

receives feedback from the clients and their peers
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Table T: Overview of the procedure of the peer feedback intervention in the 4" and 6" design
sessions of Cases 2 and 3. The quotations are copied from the feedback forms.

Part

4™ design session

6™ design session

Preparation

Modelling exercise by facilitators to
teach the intention and procedure of
the peer feedback intervention.

Areminder of the intention and
procedure of the peer feedback
intervention.

Next parts form one turn per design team.

Design team presents design idea.

Design team presents design
prototype.

Part 1. Peers and clients are prompted to Peers and clients are prompted to
pose clarification questions to work pose clarification questions to work
towards a shared understanding of towards a shared understanding of
the design. the design.

Peers and clients receive scaffolding Peers and clients receive verbal
guidance by feedback forms prompts as a reminder
Peers and clients are guided to Peers and clients are prompted to

Part 2. construct specific compliments. pose specific compliments.

“What do you not yet understand “What do you not yet understand
about the design?” about the design?”

Peers and clients are guided to Peers and clients are prompted to
construct high-level convergent pose high-level convergent
feedback. feedback.

“We think this could be better about

the design... because ..."

Peers and clients are guided to Peers and clients are prompted to

Part 3. construct a high-level divergent how- | pose high-level divergent feedback.

question.
“How canyou ...”

Peers and clients are guided to
construct possible solutions to their
how-question.

“We think this could maybe be a
solution ...”

The clients and a few peers share
their feedback with the design team
by reading the feedback forms out-
loud.
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Preparation

Before the start of the feedback procedure, the pupils and the clients participated in
several modelling exercises to teach them how to construct the design feedback.
During these exercises, the facilitators demonstrated the different steps of the
feedback procedure and allowed the pupils and clients to practice each step through
several examples. All participants were made aware that the goal of giving and
receiving design feedback was to ‘help each other make their design better’. The two
researchers facilitated entire the peer feedback intervention and acted as gate-keepers
in order to guide the procedure as planned.

Additionally, a feedback form was utilized during the 4" design session as a scaffolding
tool to help the peers and clients with the construction of their design feedback (part 2 & part 3).
An example of this feedback form can be found in the Appendix. These feedback forms were
filled in collaboratively by the peers in their design teams. When more than one client was
present, they also collaborated on one form. After constructing the feedback forms, the clients
and some of the peers could share their feedback by reading it out loud to the design teams.
During the 6" design session, the feedback form was not utilized again. Instead, the facilitators
utilized verbal prompts to remind to the peers and clients of the structure of the feedback form
and the order in which they should pose their feedback.

Part 1: Guide towards a shared understanding of the design.

To start, each design team took their turn to present their design to their peers and the clients,
utilizing sketches and prototypes or models to clarify their idea. Directly after each presentation,
their peers and the clients were invited by the facilitator to pose questions low-level convergent
questions to help them verify and clarify their understanding of the design. As guidance, the
facilitator posed the following question: "What do you not yet fully understand about their
design?”. These questions should not directly contain a form of judgement or stimulate a higher
level of reasoning. When a shared understanding of the presented design was reached, the
procedure continued with guiding the construction of high-level convergent (part 2) and
divergent (part 3) feedback.

Part 2: Stimulate critical reflection and evaluation of the design.

This part involved the peers and clients in constructing high-level convergent feedback to help
the design team identify and internalize possible shortcomings in their design through critical
reflection and evaluation. Before giving high-level convergent feedback, the peers and clients
were asked to mention one or more specific and particular positive aspects of the design, which
they could write on the feedback form (4" session) or directly share with the design team (6%
session). Afterwards, specific and concrete high-level convergent feedback was constructed. In
the 4" session, this was guided by the feedback form by finishing the following sentence: "We
think this could be better about the design... because ...". The ‘because’ implemented to guide
the construction and communication of an adequate argumentation for the uncovered critique.
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Previous studies have highlighted this type of argumentation is often absent in a more
unguided setting, while this type of transparency was found of importance for the design teams
(Schut, Klapwijk, Gielen, & De Vries, 2019; Van Mechelen et al., 2018). During the 6" session, the
peers and clients could directly give high-level convergent feedback to the design team. They
were reminded of the feedback form via prompts, yet were also free to pose other types of high-
level convergent feedback. This was done intentionally to gain insight into the types of
questions they would pose in a more unguided setting.

Part 3: Provide a way to move forward by guiding new generative thoughts.

After the high-level convergent feedback, the peers and clients were invited to construct high-
level divergent feedback to provide the design team a way to move forward by guiding new
generative thoughts. In the 4" design session, this was again guided by the feedback form. First,
they were guided to transform their high-level convergent feedback into a high-level divergent
question: "How can you ...”. Then, they were asked to construct possible solutions to this
question, which could serve as an inspiration to the design teams: “We think this could maybe be
a solution ...”. In the 6™ session, the peers and clients could directly pose the high-level
divergent feedback to the design team. They were reminded of the feedback form via prompts,
yet were again free to pose other types of divergent high-level questions. This was again done
intentionally to gain insight into the types of questions they would pose in a more unguided
setting.

4.3.4 Data collection

During both cases, all design sessions were audio and video recorded. Due to the focus of this
study on the verbal feedback interactions, only the recordings of the 4™ and 6" design sessions
were selected for data analysis.

4.3.5 Data analysis

To analyse the data, we followed the Verbal Analysis approach (Chi, 1997), which consisted of
the following steps: segmenting the transcripts in units of analysis, selecting and developing the
coding frameworks, applying the coding frameworks in a coding process, and pattern
identification & interpretation. The transcriptions of the audio-video recordings of the
interactions of the selected design teams during 4" and 6" design sessions during Cases 2 and 3
were used as the primary data source.

Units of analysis: Design feedback & direct responses:

Units of analysis were created of consecutive feedback and direct responses based on the
conversation content. Only the feedback and responses focussing on the design in question
were considered. Within the units, pairs of feedback and response were formed. When multiple
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questions and comments were given in a row, or when multiple answers were given in a row,
these would be grouped to form one pair consisting of multiple feedback and response codes.

Coding framework: Types of feedback

To determine the nature of the feedback of the clients and the peers, Schut et al. (2019)’s Design
Feedback Model was used, which is displayed in Figure 10. The current model has evolved from
the initial version presented in Chapter 3 and was originally based on FEris’ question-driven
design model (Eris, 2004). When instances of feedback could not be coded with the model,
additional codes were formed through inductive coding and added to the model. The Design
Feedback Model makes, identical to Eris’ model, a distinction between two levels of feedback:
low and high. However, in this model, low-level feedback is divided into low-level questions and
low-level comments. Low-level questions are mainly information-seeking questions and are
posed when one giving feedback, for example, wants clarification or verification about certain
aspects of the design. Low-level comments are expressions that do not directly ask for a direct
response and are mainly posed to express a positive or negative judgement or give a direct
suggestion. High-level feedback is, similarly to Eris’ model, divided into deep reasoning
questions (DRQs) and generative design questions (GDQs). High-level feedback asks for a higher
level of reasoning and often entails reflection, evaluation, and/or generation. In the model, low-
level feedback and DRQs are classified as convergent. This type of feedback is presumed to
facilitate convergent thinking processes and share the common premise that a specific answer,
or a specific set of answers, exists. GDQs are classified as divergent since they are presumed to
facilitate divergent thinking processes by proposing alternative answers and prompting idea
generation.

Coding framework: Types of direct responses

To determine the different types of direct responses of the design teams Schut’s Direct
Responses Model was used, which is displayed in Figure 11. The current model has evolved from
the authors' initial version presented in Chapter 3 and was originally constructed through open
coding and comparison to the framework of Cardella et al. (2014) and Cummings et al. (2015).
When instances of feedback could not be coded with the model, additional codes were formed
through inductive coding and added to the model. The Direct Responses Model makes a
distinction between different groups of direct responses, namely: resistance responses, report
type responses, agreement type responses, deep reasoning response.

Coding process

All of the created the pairs were coded with feedback and direct response codes from the
models. Additionally, we classified who posed the feedback to the design teams: the client(s) or
their peers. Initially, the first author coded all of the feedback and response pairs of the entire
dataset. Subsequently, the third author was trained by the first author in the use of the coding
frameworks and also independently coded all of the feedback and response pairs of the entire
dataset. Consistency was promoted by routinely comparing and discussing the coded data per
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design team until a consensus was reached. All coding decisions were documented, and code
descriptions were adjusted accordingly.

Pattern identification & interpretation
To be able to analyse coded data tables were constructed with the code occurrences and code
co-occurrences of Cases 2 and 3. These tables, together with the coded transcripts, were used

as a means to interpret the data and look for patterns.

CATEGORY EXAMPLE
- --1 Request Can you hand me the wheel?
Verification Did John leave?
Disjunctive Was John or Mary here?
Concept Completion What did Mary eat?
Low-level Feature Specification What material is the wheel made of?
Questions Quantification How many weels do we have?
Low-level Definition What is a pneumatic robot?
Feedback Example What are some flying insects?
Comparision Does the small wheel spin faster?
---| Judgemental Which design do you want to use?
---- Compliment This part of the design works well.
Low-level Critique I don't think it's possible to make this work. Convergent
mments | pirect Recommendation | | think you should do this. Thinking
"~ -—| Description | see two circles moving.
-1 Interpretation Will it slip a lot?
Procedural How does a clock work?
Causal Antecedent Why is it spinning faster?
Reas(?rﬁ:z Cau.sal Conseque.noe What happenend when you pressed it?
Question Rationale/Function What are the magnets used for?
(DRq)| | Expectational Why is the wheel not spinning?
High-level Enablement What did they need to attach the wheel?
Feedback Future What If they pull the handle?
--1 Future Description They can pull the handle instead of push it.
Generativel | Enablement What allows you to measure distance?
Design ll Method Generation How can we keep it from slipping? Diverzent
Question] | Proposal/Negotiation | Can we use a wheel instead of a pulley? Think%:g
(GDQ)} | Scenario Creation What if the device was used on a child?
- ‘--| Ideation What can we do with magnets?

Figure 10: Design Feedback Model. The

study.

responses highlighted in grey emerged in the current
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CATEGORY DESCRIPTION
/ Band-aids Adjustments or elaborations that don’t present a valuable and relevant
/ development and leave the flawed core of the design idea intact.
Already in there Uncovered shortcomings are dismissed by stating (falsely) that they
Resistance have been present within the idea all along.
responses Question not relevant | Feedback is indicated as not relevant to the design idea.
It's not possible Proposed adjustments or elaborations are immediatly deemed as not
feasible without proper evaluation.
. It's you Uncovered shortcomings are dismissed by making the future users
AN responsible.
- Report Justify Explaining (features of) the design with a level of justification.
Report type Report Uncertain Explaining (features of) the design with a level of uncertainty.
responses Report Explaining (features of) the design.
| Show Physically showing something or acting it out.
/ Disagree Being not on similar terms.
/ Insecure Showing uncertainty in a response.
Silence Mo reaction present.
Ask Question to clarify something.
Agree::n:"‘;': Restate Rephrasing the received feedback.
P Nodding Physical response indicating acknowledgement or agreement.
Acknowledge Indication of active listening.
Confirming Validation of a statements/assumptions.
A Agree Being on similar terms.
" | Don’t know yet Admitting to incompleteness of the design.
Deep reasoning Reflection Reflecting on previous actions.
responses Evaluation Evaluation previous actions an make judgement.
__ | Ideation Generation of new ideas and exploring new possibilities.

Figure 11: Direct Responses Model. The responses highlighted in grey emerged in the current
study.

4.4 FINDINGS

The following sections introduce the results of the qualitative analyses. Each section will start
with the objective of the feedback procedure during that part of the design session and the
expected design feedback (DF) and direct responses (DR). Subsequently, we will present actual
occurrence and co-occurrence of the different types of DF and DR in Cases 2 and 3. Translated
excerpts of the transcripts of the feedback dialogues are given to illustrate the results. In these
examples, the pupils that were part of the design team are indicated as ‘pupil’ and, if necessary,
a number. The peers and clients are indicated as such and, if necessary, a number.

4.4.1 Fourth Design Session: Feedback Procedure ‘Part r’

During each feedback round of a design team, the first part of the feedback procedure is meant
to guide towards a shared understanding of the design by allowing the peer and clients to pose
clarification type questions. Therefore, the expected DF from the clients and peers are primarily
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low-level convergent questions. The expected DRs from the design teams are those facilitating
clarification and explanation.

Clarifying the design through low-level convergent feedback

As expected, the majority of the DF posed in both cases consisted of low-level convergent
questions. With these questions, the clients and peers predominantly checked their
understanding of the design through verification questions; and asked for additional
information about the design through feature specification and concept completion questions.
The DR of the design teams to these low-level questions in both cases consisted mainly of
report.

Peer: So, you have to solve a math problem and the answer... Uhm... What did you have
to do with the answer again? [Concept completion]
Pupil: The answer, that number is how often you have to score (in the goal). [Report]

Client: Does the (hospitalized) child have to pull it (the cable of the cable cart) themselves
or someone else? [Feature specification]
Pupil: No, someone else who is there. [Report]

There were also a few instances of report uncertain, which shows that the design teams are not
always fully confident when explaining their design in its infant state. Below is an example of
this type of DR,

Peer: Where should you position yourself to score? [Feature specification]
Pupil: I think the player can decide themselves. [Report uncertain]

Beside report type responses, the low-level convergent questions in Case 2 were also met with
the DR confirm. This difference can be attributed to the higher occurrence of verification
questions in this case.

Peer: So, you have to run as fast as you can to the right spot (on the playground)?
[Verification]
Pupil: Yes. [Confirm]

The majority of the DRs during the first part could be considered as responses that enable a
constructive feedback dialogue. However, there were also a few resistance responses present in
both cases. Since low-level convergent questions ask for information and do not directly ask for
any evaluative or generative thinking processes, these DRs were unexpected. Nonetheless, the
example below illustrates how questions asking for additional information about certain
aspects or mechanisms of a design can trigger design teams to parry the feedback.
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Peer: How many times do you have to score? [Feature Specification]

Pupil 1: You should decide for yourself. [It’s you] You should use a sort of timer, and then
you can. .., and then as fast as you can. [Band-aid]

Pupil 2: How often you can score in @ minute or something. [Band-aid]

Unexpected DRQ’s and GDRs

Aside from the expected low-level convergent questions, there were also instances of Deep
Reasoning Questions (DRQs) and Generative Design Questions (GDQs). Especially in Case 3 the
peers posed several DRQs to the design team, consisting mainly of Future and Future
description questions. Through these types of questions, the peers asked the design teams to
reflect and evaluate possible future states of the design. The DRs to these high-level convergent
questions varied between report type responses and responses indicating disagreement
(disagree) or resistance (e.g., band-aids, already in there).

Peer: Yet at a certain moment, then all the (drawn) chalk boxes (on the schoolyard) are
full (with numbers), and then you cannot continue anymore. [Future description]

Pupil: Yes, but you can just make it (the chalk drawings on the schoolyard) wet, then it’s
gone. Then it’s vanished, gone (hand movement) (laughing). [Band-aid]

The example above illustrates the occurrence of resistance towards high-level convergent
feedback. Since the clients and peers were prompted to not yet pose these types of questions
at this part of the process, the facilitators tried to postpone the dialogue as much as possible.
This can be seen in the example below.

Peer: | can imagine that some kids do not always have someone accompanying them. So
what ifthat happens and they still want to go in the cable cart? [Future]

Facilitator: Is that a clarification question, or do you think this might be a critique? Is this
something you could put on the feedback form?

Peer: Maybe yes.

4.4.2 Fourth Design Session: Feedback Procedure ‘Part 2 & 3’

The second part of each feedback round corresponds with the 2™ and 3 part of the feedback
procedure, during which the constructed high-level convergent and divergent feedback were
meant to stimulate the design teams' reflective, evaluative, and generative thinking processes.

In the 4" design session, the peers and the clients utilized the feedback forms to
construct written feedback. From these forms, a few were shared with the design teams on the
spot by reading them out-load, to which the teams could respond. Other forms were shared
with the design teams in session five, but this part of the process is not analysed in this chapter.
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Beforehand, we found it difficult to predict which type of DRs might occur as all feedback is
shared consecutively due to the read out-load format.

Direct responses to the feedback forms

As expected, the DF of the clients and peers in both cases was generally in accordance with the
structure of the feedback form. This means that the feedback read out-loud by the client or by a
design team usually started with a low-level comment (compliment), followed by high-level
convergent feedback (DRQ) and followed with high-level divergent feedback (GDQ).

Almost all of the DRQs consisted of future description, which is one of the new
feedback codes added to the model during analysis. Through this type of feedback, a person
uncovers possible future strengths and shortcomings in the design by describing a scenario in
which the design is used. As this type of feedback did not occur in any of the feedback sessions
in our earlier studies presented in Chapters 2 and 3 without the peer feedback intervention, we
are quite certain that the occurrence of this new type of DRQ can be attributed to the
formulation on feedback form (“We think this could be better about the design ... because ...”).
The form stimulated to mentally model and describe how a design might function in practice.

Below is an example of a feedback form that is red out-loud during Case 2. The peers
give feedback on a design idea that combines math and sports. In the game, a player first solves
a math problem and then scores in a goal to match the number of the answer.

Peer 1: We think the idea is a lot of fun. [Compliment] Uhm (...) 'What could be better'{...)
Yeah, well, having to score that often is a lot. And that can be quite tiring. So, imagine you
have 121 times, that is then the answer. If you then have to score 121 times you lose all
your time trying to score. Then you can maybe only solve one problem. [Future
description] Our 'how-question' is: How could you change it (the game) so you don't
have to score that often? [Method generation] And ‘this could maybe be a solution': that
you can divide it. The answer. [Proposal/Negotiation]

Peer 2: Yeah, so that you divide the answer again. That you again make a math problem
with the answer to divide it. [.. ..]

In this example, the GDQs consists of method generation followed by a proposal. As intended,
almost all of the GDQs on the feedback forms consisted of method generation and
proposal/negotiation.

In the analysis, we looked at the DR of the design teams towards the reading out-loud
of the feedback forms. In both cases, low-level comments (compliments) were mainly met with
a DR in the form of silence. In Case 3, a few instances of nodding and agree also occurred when
the clients shared their low-level comments.
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The DRQs of the clients co-occurred with the DR silence in both cases. However, DRQs
from the peers were also met with a few instances of resistance. This could be explained
through the expert position the clients take. Design teams might see them as more
knowledgeable as their peers and are therefore more willing to accept their questions.

The DRs to the GDQs were more varied than to the DRQs, although again silence took
up a substantial part. Other types of responses were mainly observed towards the GDQs of the
peers in Case 2 and the clients in Case 3. In Case 2, the GDQs of the peers were met with a few
DRs indicating resistance, yet there were also DRs present indicating more openness, namely,
acknowledge and ideation. In Case 3, DRs in the form of nodding, reflection, and ideation to the
DF of the clients were present. This shows that the design teams were able to receive the
feedback in a positive way.

4.4.3 Sixth Design Session: Feedback Procedure ‘Part1, 2 & 3°

In this design session the feedback procedure again makes a distinction between the different
parts of the feedback procedure. However, since this time only verbal prompts were used, all of
the feedback parts follow each other directly during each feedback conversation. The focus in
this 6" session lies predominantly on revealing the final design to the clients and peers and less
on possible further improvement. Therefore, we expected the clients and peers to work more
towards understanding the design fully through low-level and high-level convergent feedback.
Nonetheless, we expected all types of DF to be present in this session.

The peers’ focus on convergence

Overall, convergent DF was most prominent, yet all types of DF were present in this 6™ session
in both cases. In both cases the peers posed around the same amount and types of DF. Low-
level convergent questions, low-level convergent comments, and high-level convergent
questions all took up around a small third of the total DF of the peers. Additionally, there were a
few instances of high-level divergent questions.

As expected, due to the guidance in the feedback procedure, the peers posed most of
the low-level convergent questions right after the presentation of each design team at the start
of the feedback dialogue. Similar to the results of the 4" session, the peers utilized this first part
of the feedback procedure to check their understanding of the design through verification
questions; and ask for additional information about the design through feature specification
and concept completion questions. Especially in Case 2 the peers predominantly posed
verification questions, while in Case 3 the questions were more varied. In both cases, the low-
level convergent questions were often met with a report DR. In Case 2 the confirming response
also occurred often, which can be related to the higher occurrence of verification questions.
Other DRs that stood out was the occurrence of a few instances of deep reasoning responses.
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Since these DRs indicate a form of higher-order thinking, we did not expect them to occur after
any of the low-level convergent questions directly. Below is an example in which a low-level
question evokes reflection and ideation.

Peer: What is actually the height of the cart (of the cable cart)? [Feature Specification]
Pupil 1: We did not really think about that... [Don’t know yet]

Pupil 2: Not too high | guess. [Reflection]

Pupil 3: Maybe a meter? [Ideation]

The peers did not adhere to the order of the feedback form when posing high-level feedback in
this session. Instead of starting with convergent feedback and following with divergent
feedback, the high-level feedback appeared to be mainly convergent with only a few instances
of divergent feedback. The high-level convergent feedback (DRQs) of the peers was varied in
Case 2, while in Case 3 the majority consisted of future and future description. These two types
of feedback are somewhat similar, in the sense that they uncover possible future functioning
and often shortcomings in the design. Since in the 4™ design session the high occurrence of the
feedback type future description is presumed to be linked to the phrasing of the feedback form,
the high occurrence of future and future description may be a lingering effect of the peers’
previous practice with filling in these forms.

In both cases, the DRs of the design teams to the DRQs were fairly similar in their
distribution. Around half of the DRs consisted of report type responses, of which around half
was report justify. Especially in Case 3 report justify took a more prominent role. Report justify is
a type of report that (re)explains the design with a certain level of justification from the designer.

Peer: [ don’t always go sitting face forward down the slide. I also go on my back or belly
or face backward. | don’t know if it’s nice to land on such a pillow if you do that. [Future
description]

Pupil: Well, we think it is nice to land on such a pillow. Because it's not really smart to go
down the slide facing backward. That's true. [Report justify]

Besides this, the DRQs of the peers were also met with resistance responses, especially band-
aids and question not relevant.

Peer: Why does someone have to pull on the cable and is it not electric? [Expectational]
Pupil: We didn’t think an electric cable was needed. [Question not relevant]

Together the occurrence of report justify and resistance responses implies that the design teams
were not as open to the DRQs posed by the peers as to the DRQs by the clients.
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Opposite to this, there were a few instances of deep reasoning responses, in the form
of don't know yet, reflection, evaluation, and ideation. Although only a few of these DRs occurred,
they do indicate that the DRQs have the potential to stimulate a higher level of reasoning. The
examples below illustrate how DRQs can trigger reflection.

Peer: Imagine that the answer (to the math problem) is 64. You said that the side poles
(of the goal) are 50 (points), and the top bar is a 100 (points). But there is not exactly 64 on
any of them. [Future description]

Pupil 1: Well, you also have pons, and there are also numbers on there. [Report]

Pupil 2: Oh, yeah. Those (the pons) are not an uneven number. [Reflection]

Peer: How does it exactly work with the iv pole (on the slide)? [Procedural]
(team members whisper to each other)
Pupil: We don’t have a solution for that yet. [We don’t know yet|

Our data shows that these types of DRs predominately occurred when a design team already
displayed a certain level of openness in the feedback dialogue preceding the DRQs.

Although the peers predominantly posed convergent feedback, instances of divergent
feedback were also present. The high-level divergent feedback (GDQs) of the peers were varied
in both cases, yet in Case 2 proposals did take up a significant part of the DF. In both of the
cases around half of the DRs to the GDQs consisted of resistance responses, with already in there
being quite prominent. Through this response, the design teams dismiss that what is proposed
by stating that it is already present within their design. Although also a few other DRs were
present, the relatively high occurrence of resistance responses indicates that the design teams
were not very open to the GDQs posed by the peers. Below are two examples that display how
the design teams dismiss the GDQs of their peers.

Peer: Maybe it could be fun to do something with points? For example, who collects the
points? Or maybe play in teams? [Proposal/negotiation]
Pupil: The player with the most points who wins, that’s it. [Already in there]

Peer: Maybe you can think a bit more about how it will work with the wheelchair?
[Method generation] Because there is not always someone else present. [Future
description]

Pupil: No, there is always someone else present. [Question not relevant]

The clients’ focus on verification and generation

Since the client of Case 2 was not present during this final design session, we only discuss the
DF posed by the clients of Case 3. Around half of the DF of the clients consisted of low-level
convergent questions, focussing mainly on verification. This distribution of DF indicates that the
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clients’ focus lies predominantly on gaining a good understanding of the designs. This is to be
expected, since the focus of the design session was revealing the final designs to the clients.
Around half of the DRs to the low-level convergent questions consisted of confirming and a third
of report. These responses indicate a neutral posture from the teams, with an apparent
willingness to elaborate on the explanations of their designs.

Furthermore, around a third of the DF consisted of low-level convergent comments,
mainly compliments. The many compliments could indicate a positive attitude from the clients
towards the designs. These comments were mainly met with DRs in the form of nodding.
Additionally, there were some instances of acknowledge and agree; and even some reflection
responses. The DRs indicate that the reception of this DF by the design teams was rather
positive, which could explain the level of openness of the design teams towards the rest of the
DF.

There were only a few instances of high-level convergent feedback (DRQs) in the form
of future descriptions. The rest of the DF was classified as high-level divergent feedback (GDQs),
predominantly consisting of proposals. These proposals showcased how the clients focussed on
possible future adaptations and elaborations of the designs. Around half of the GDQs of the
clients were met with agreement type DRs in the form of nodding, acknowledge or agree.
Additionally, a bit less than half of the GDQs co-occurred with deep reasoning responses, in the
form of ideation, reflection, and don’t know yet. Together, these DVRs of the design teams
indicate openness towards the high-level divergent questions of the clients.

The key to openness: verification & compliments

Compared to the DRs towards the DF of the peers, the DF of the clients was met with more
openness from the design teams. Below is an example of such a constructive feedback dialogue
between one of the clients and a design team. The design that is discussed was rather unusual
and received some critical feedback from the peers at an earlier point in the feedback dialogue.
The team reacted to this DF of their peers with several resistance responses, trying to prove the
quality of their design. However, the manner in which the team reacts to the DF of the client is
very different.

Client: So the idea is that you will build an ice-ring? [Verification]

Pupil 1: Yes, | guess so. [Confirm] [Insecure]

Client: And this means that the ice-ring is there all year round? [Verification]
Pupil 1: Yes. [Confirm]

Pupil 2: It depends on if you want to ice-skate in the summer. [Reflection]
()

Client: So the ice-ring will be there permanently? [Verification]

Pupil 1: Yes. [Confirm]
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Client: And what else could you maybe do with the ice-ring? [Ideation] If it’s a hot
summer, will there then also be ice on it? [Feature specification]

Pupil 1: Maybe you can then also use it as a pool. [Ideation]

Client: Yes. And maybe you can make this thing float so they can swim with it.
[Proposal/negotiation]

(team members nod)

Pupil 1: Yes.

The example illustrates how the client first puts their effort towards gaining a shared
understanding of the aspect of the design they want to direct their high-level feedback to. After,
the client proceeds to pose their high-level feedback, which then evokes a concurrent
convergent or divergent response from the design team. As described earlier, the design teams
reacted more positively and open to the high-level feedback from clients than their peers. The
manner in which the client poses the high-level feedback might have added to this openness.

4.5 DISCUSSION & CONCLUSION

The peer feedback intervention was developed with the intention to guide constructive
feedback dialogues and stimulate young novice designers’ creative thinking. In our previous
studies on design feedback in an unguided setting, feedback of clients and peers was frequently
met with resistance (Schut, Klapwijk, Gielen, & De Vries, 2019; Schut, Klapwijk, Gielen, van Doorn,
et al.,, 2019). The results of the current study demonstrate how different types of guidance
supports young novice designers, their peers and clients in engaging in constructive feedback
dialogues. Several successes were uncovered during the analysis, showing how the intervention
was able to (1) guide towards a shared understanding about the design, (2) stimulate cognitive
modelling, (3) encourage an initial calmness towards high-level feedback, and (4) evoke deep
reasoning responses.

4.5.1 Realizing a shared understanding

The intervention aimed at establishing a shared understanding of the developed design at the
start of a design feedback dialogue through low-level convergent feedback. In general, this led
to a constructive start of the feedback dialogues, in which the design teams displayed openness
towards the questions and comments of their peers and the clients by confirming certain
understandings or providing additional information about their design. The problem of
undiscussed expectations and assumptions about the designs, that we observed in unguided
settings (Schut, Klapwijk, Gielen, & De Vries, 2019; Schut, Klapwijk, Gielen, van Doorn, et al., 2019)
was therefore no longer as prevalent. Several studies confirm the importance of clear
communication and a shared understanding about the design between all parties for a
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feedback dialogue to become valuable (Sadler, 2010; Schut, Klapwijk, Gielen, & De Vries, 2019;
Stables, Kimbell, Wheeler, & Derrick, 2016), which the intervention can successfully guide
towards.

4.5.2 Stimulating cognitive modelling

In all the sessions —whether the feedback form was used or verbal prompts to adhere to the
feedback structure - we observed the repeated occurrence of the high-level convergent
feedback types future and future description, especially from peers. Since these types of
feedback did not occur during our previous study on design feedback of young novice
designers in an unguided setting (Schut, Klapwijk, Gielen, & De Vries, 2019), we are rather
confident that they can be attributed to the guiding sentences of the feedback form. Future and
future description showcase the peers’ ability to engage in high-level convergent thoughts. By
imagining how the designs would be used throughout time they construct mental models of
the design mechanics and user interactions. This ability of cognitive modelling is argued to be
the core of designerly thinking and fundamental to one’s creative abilities (Baynes, 2010). The
intervention supports young designers in practicing and expressing this type of modelling.

4.5.3 Initial calmness towards the feedback form

All feedback given in the fourth session highlighted where there was room for improvement and
explained why this was thought of as a problem. Then this feedback was concluded with a
divergent question, usually in the form of method generation or proposal/negotiation. The
primary direct response of the design teams to this high-level feedback of their peers and the
clients was sifence, which shows a level of calmness. Although this does not directly give a clear
insight into their thinking processes, a positive impact of the intervention is clear when we
compare it to the feedback sessions in an unguided session, where high-level feedback was
often met with resistance (Schut, Klapwijk, Gielen, & De Vries, 2019; Schut, Klapwijk, Gielen, van
Doorn, et al., 2019). In the guided setting, the design teams appear to not immediately reject the
feedback. In Chapter 5 we will focus our efforts on analysing the feedback uptake of the design
teams when building their prototypes in the fifth design session.

4.5.4 Deep reasoning responses

On several occasions the design feedback of the clients and the peers was able to evoke deep
reasoning responses from the design teams. Through these reflective, evaluative, and
generative responses, the teams showcased their willingness to further elaborate on and
improve their design. As our previous study on design feedback in an unguided setting indicates
that these types of responses, especially reflection and evaluation, are not widespread (Schut,
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Klapwijk, Gielen, & De Vries, 2019), the peer feedback intervention is thought to encourage
reflective and evaluative thinking.

Unexpectedly, the high-level convergent feedback, especially that of the peers did not
provoke the majority of the reflection and evaluation responses with the design teams. Instead,
these responses were often preceded by high-level divergent feedback of the clients of Case 3
during the sixth design session. Also, the other deep reasoning responses, ideation and don’t
know yet, co-occurred often with this type of feedback. As described, verbal prompts were used
during the sixth session as a form of guidance. With more freedom in constructing their high-
level feedback, the clients deviated from the format of the feedback form, while still utilizing the
core principles of the peer feedback intervention. We speculate that these modifications
contributed to the stimulation of these desired deep reasoning responses with the design
teams. The following modifications were identified:

Firstly, the clients repeatedly checked the shared understanding of the designs. They
did this primarily by posing several verification questions to the design teams right before
sharing any high-level feedback. By raising these questions and getting responses, the clients’
assumptions and expectations of the designs are confirmed, and a shared understanding of the
design arises. The difference with the feedback form on paper is that this form only guided
towards creating a shared understanding of the design at the start of the feedback dialogue.
Since clear communication and having a shared understanding is important in these feedback
dialogues (Sadler, 2010; Schut, Klapwijk, Gielen, & De Vries, 2019; Stables, Kimbell, Wheeler, &
Derrick, 2016), the clients' modification to check this understanding throughout the feedback
dialogue repeatedly is an effective way to encourage a constructive feedback dialogue.

Secondly, the clients almost solely constructed high-level divergent feedback, while
only a few instances of high-level convergent feedback were observed. As described, divergent
feedback plays a crucial role in helping the receiver of the feedback 'move forward" (Black &
Wiliam, 1998; Hattie & Timperley, 2007) and stimulating their creative thinking (Daly & Yilmaz,
2015; Tolbert & Daly, 2013; Yilmaz & Daly, 2016). We speculate that by focussing primarily on the
additional opportunities and possibilities of the designs, combined with the clear shared
understanding, the clients were able to create an open, positive atmosphere.

Lastly, another possible contributor to this open atmosphere is the many compliments
the clients shared when compared to their peers. While sharing their feedback, the clients often
added several positive remarks about the designs. Although the peer feedback intervention
does give guidance in constructing positive remarks before sharing high-level feedback, this is
often shared separately and not in such a high volume. Although the opinions on praise as an
effective form of feedback for learners appear to vary (Hattie & Timperley, 2007; Voerman et al.,
2014), our results show that in the context of design feedback dialogues it could encourage
more openness with young novice designers. We speculate that all the modifications of the
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clients together contributed to the open atmosphere, which has been vital in encouraging the
design teams' deep reasoning responses.

4.5.5 Occurrence of resistance

Although constructive feedback dialogues were observed, the design teams also showcased
instances of resistance towards the questions and comments of the clients and their peers. This
is not entirely unexpected since novice designers of all educational levels have been observed
to engage in responses indicating resistance, like parrying feedback and becoming defensive
(Cardella et al., 2014; Cardoso et al., 2014; Cummings et al., 2015; Schut, Klapwijk, Gielen, & De
Vries, 2019; Schut, Klapwijk, Gielen, van Doorn, et al., 2019). Additionally, the goal of the peer
feedback intervention was not to eliminate all resistance. It can be argued that some resistance
can be seen as positive since it shows signs of persistence, a quality that is needed when
engaging in creative processes (Crilly, 2015; Csikszentmihalyi, 1999). One of the key learning
processes of novice designers is figuring out how to balance between persistence and
openness. Since this is not an easy task, it is understandable that the young novice designers,
on occasion, lost this balance.

Several factors might have evoked or enhanced the design teams' resistance. As the
data collection focused on the design feedback and the direct responses, it is not possible to
discuss all possible factors that might have contributed to the occurrence of this resistance,
such as the occurrence of concept fixation (Luo, 2015; Bill Nicholl & McLellan, 2007; Schut,
Klapwijk, Gielen, van Doorn, et al., 2019), high levels of ownership (Baer & Brown, 2012a) or a
lack of design skills (Blom & Bogaers, 2018; Van Mechelen, Schut, et al., 2019). We can, however,
discuss how certain design feedback might have influenced the occurrence of this resistance.
Most instances of resistance of the design teams co-occurred with high-level convergent
feedback of their peers during the sixth design session. The design teams thus lacked openness
towards the high-level feedback of the peers. We presume that there might be several causes
that have contributed to this resistance.

To start, the peers primary shared high-level convergent feedback with the design
teams during this session. Although convergence is needed when wanting to understand a
design, an excessive focus is known to contribute to unconstructive dialogues (Cardella et al.,
2014; Cardoso et al., 2014; Cummings et al., 2015; Schut, Klapwijk, Gielen, & de Vries, 2019). As
described before, the lack of divergent feedback can leave the young novice designers without
a clear ‘way to move forward’ (Black & Wiliam, 1998; Hattie & Timperley, 2007) and can hamper
their exploratory thinking and risk-taking processes (Daly & Yilmaz, 2015; Tolbert & Daly, 2013;
Yilmaz & Daly, 2016). The verbal prompts during the sixth session might not have sufficed in
stimulating the peers in constructing high-level divergent feedback. Since the strict and specific
guidance of feedback forms did showcase their ability to formulate this type of feedback, a
different type of guidance during the sixth session might be more successful.
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Furthermore, the literature suggests that the design teams could have perceived their
peers, rightly or wrongly, as incompetent or lacking the expertise to give them feedback
(Panadero, 2016). This could explain why the design teams showcased more resistance towards
the feedback of their peers and not towards the clients, who were introduced as experts by
profession or experience. Although the peers might not be perceived as knowledgeable as the
clients, they could take on the role of an extension of the design team. By highlighting the ability
of the peers to help adjust and elaborate on the designs, thereby focussing on the common
goal of improvement, the design teams might be more open to the suggestions of their peers.
Besides this, the peers need to be guided in creating a more open atmosphere when sharing
feedback. Possibly, the clients' modifications can provide insight and inspiration for new ways
of guiding peers in achieving more openness.

Additionally, the young novice designers might just not have agreed with some of the
shortcomings that the peers uncovered. Their disagreement does, however, not necessarily
justify their resistance. Reflective and evaluative thinking are thinking skills that are still in the
process of developing with this age group. Studies show that engaging in convergent thoughts
when designing does not always come easy to young novice designers (Blom & Bogaers, 2018;
Schut & Blom, 2019). Although the construction of high-level convergent feedback does
showcase their ability to engage high-level convergent thoughts, this does not mean they are
able to reflect and evaluate their own designs critically. A study by (van Loon & van de Pol, 2019)
suggests that elementary school pupils are more prone to detect errors in others' work than in
their own. Therefore, it might have been easier for the young novice designers to reflect and
evaluate the designs of their classmates, instead of discovering shortcomings in their own work.
Future adjustments of the peer feedback intervention could therefore focus on finding ways to
guide the design teams in first reflecting and evaluating their own design.

4.5.6 Updated design principles

To be effective in stimulating young novice designers creative thinking through design feedback
dialogues, the peer feedback intervention was based on three main design principles: (1) guide
towards a shared understanding of the design through low-level convergent feedback, (2)
stimulate critical reflection and evaluation of the design to help identify and internalise possible
shortcomings through high-level convergent feedback, and (3) provide a way to move forward
by guiding new generative thoughts through high-level divergent feedback. Although the results
indicate that the peer feedback intervention based on these design principles has shown to be
effective in eliciting responses indicating divergent and convergent thinking, opportunities for
improvement were also uncovered.

The first guiding principle, (1) guiding towards a shared understanding, was
implemented at the start of a feedback dialogue by directing the clients and peers towards low-
level convergent feedback. Generally, this led to a constructive start of the feedback dialogues
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and could, therefore, be considered as a successful design principle. However, the constructive
feedback dialogues between the clients and the design teams during the 6th design session,
and the modifications to this guiding principle made by clients, could still provide inspiration
for improvement. One of the modifications was the constant checking of the feedback givers of
their shared understanding right before posing high-level feedback. We speculate that due to
this clear understanding, the design teams feel that their design is well understood and feel
acknowledged in their decisions. This might improve openness and reduce resistance towards
the following high-level feedback, leading to more openness. Therefore, we propose that the
first guiding principle should emphasise the need to continuously work towards a shared
understanding throughout the dialogue, especially before posing high-level feedback.

The second and third guiding principle were meant to directly guide the young novice
designers towards (2) reflective, evaluative and (3) generative thinking processes by means of
high-level convergent and divergent feedback. However, the results showcase that, similar to
previous studies (Cardella et al., 2014; Cardoso et al., 2014; Cummings et al., 2015; Schut,
Klapwijk, Gielen, & de Vries, 2019; Schut, Klapwijk, Gielen, van Doorn, et al., 2019), the divergent
or convergent nature of the feedback does not necessarily elicit the expected concurrent
creative thinking processes. It could be argued that we need to let go of the idea that
convergent or divergent feedback would direct the novice designers exactly into that
concurrent thinking process. The intention of the feedback giver, either pushing towards
convergence or divergence, could therefore be attained by either type of high-level feedback.
Hence, there might be more merit in consciously and carefully alternating and iterating both
types of feedback until the set intention is reached.

However, we do argue that more focus needs to be directed to the use of high-level
divergent feedback within design feedback dialogues. The results show that the peers engage
little in this type of feedback, creating an imbalance which could have contributed to the
resistance of the design teams. Opposite to that, the clients engaged almost primarily in high-
level divergent feedback during the 6th session. The dialogues that followed this feedback of
the clients were observed to be generally constructive. We presume that this repeated use of
high-level divergent feedback contributed to a positive and open atmosphere and directed the
designers’ attention towards ‘moving forward” and improving their design. Additionally, we
want to put specific emphasis on the many concrete compliments shared by the clients, which
we believe to be another main factor contributing to the openness that was present in these
specific dialogues. This approach of the client may have clarified to pupils that, besides judging
the current state of a design, feedback is also meant to encourage current iteration rounds.

Based on our findings, we propose a set of revised principles for constructive design
feedback dialogues among young novice designers, which stimulates their creative thinking: (1)
continuously guide towards a shared understanding through low-level questions, especially
before posing high-level feedback, (2) emphasise positive aspects of the design through specific
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and concrete compliments, (3) stimulate reflective, evaluative and generative thoughts through
alternating and iterating high-level divergent and convergent feedback, and (4) repeatedly
provide a way forward, thereby fostering improvement, by posing high-level divergent feedback.

4.6 FUTURE WORK

Our results show that the developed and implemented peer feedback intervention can guide
young learners and clients in sharing low- and high-level, as well as, convergent- and divergent
feedback. Furthermore, it was observed how this design feedback and the concurrent direct
responses from the young novice design teams were able to develop into constructive feedback
dialogues. Even though, we see opportunities for optimizing these conversations further,
thereby offering the young designers an even more optimal guidance on their creative journey.
The constructive feedback dialogues between the clients and the peers could provide
inspiration for future adjustments of the intervention, by utilizing the modifications of the
intervention by clients. It could give insight into how the current resistance of the teams
towards the high-level, primarily convergent, feedback of their peers could be transformed by
guiding these dialogues in a different manner. Furthermore, clearly distinguishing the role of
the peers from that of the clients by introducing them as helpers and extensions of the design
teams, could create more openness towards the high-level feedback of their peers.

Although the young novice designers might have shown a level of resistance to high-
level convergent feedback, we do not believe that this feedback should be avoided. In the data
we have observed instances in which this type of feedback did evoke the desired concurred
reflective and evaluative responses. However, the current intervention could benefit from future
adjustments and research focussed on sharing and receiving high-level convergent feedback.
Perhaps by focussing first on guiding the young novice designers to critically reflect and
evaluate their own design and helping them understand the importance of this skill. Reflective
and evaluative thinking form, together with generative thinking, the core of the creative design
process (Goldschmidt, 2016; Howard et al., 2008). Future research on these thinking processes
in the context of feedback dialogues between, and with, young novice designers could provide
valuable insights on the development of their creative thinking skills. Therefore, we will expand
the current results by analysing additional data to uncover how the design teams selected,
discussed and utilized the feedback while elaborating and adjusting their design. Together,
these studies will give an in-dept view of influence design feedback can have on young novice
designers’ creative thinking.
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5.1 INTRODUCTION

Feedback is commonly used within a wide range of educational environments and can be a
powerful tool for learning (Hattie & Timperley, 2007). The use of feedback in an educational
context has been researched extensively, and it is widely accepted that even the youngest
learners benefit from good feedback practices. (Wiliam, 2017). Design education is a specific
creative context in which there is a longstanding tradition involving feedback interventions
(Anthony, 1991; Oh et al,, 2013). However, giving feedback on creative processes and the
concurrent outcomes is often not so clear-cut (Csikszentmihalyi, 1999) and it is well known that
the process of giving and receiving design feedback is not without obstacles (Anthony, 1991).

Chapter 2 and 3 showcase how primary school pupils often exhibit resistance to the
feedback they receive from peers and clients, which hinders their creative design processes.
Besides problems with receiving feedback, it was observed that the feedback was often
(unintentionally) unconstructive in nature, creating a mismatch between the underlying
objective and the actual effect. Due to these issues, much of the feedback these children
received was left unused, while it could have benefitted their creative design processes greatly
(Crilly, 2015).

To decrease resistance to design feedback, measures can be taken that improve the quality
of the feedback given (Schut et al., 2020). For example, this could be by improving the balance
between convergent and divergent feedback (Cardoso et al., 2016; Eris, 2004). However,
measures that help pupils to process and make sense of feedback are equally important. Being
able to process and utilise peer feedback is an essential competence in the context of design.
Therefore, novice designers must have the opportunity to learn how to construct and receive
feedback from an early age, which then needs explicit practise within the classroom. A meta-
study on inquiry-based learning shows that it is necessary to guide the open-ended processes
when aiming for valuable learning results (Lazonder & Harmsen, 2016). Due to the similarities, it
is highly likely that well-constructed guidance is also essential for design-based learning, but
this is often not put into practice. Therefore, a feedback procedure and tools were constructed
as part of this dissertation to support primary school pupils in formulating and receiving peer
feedback.

The general aim of this guided peer feedback intervention was to encourage young novice
designers’ feedback uptake, thereby stimulating their creative thinking processes leading to the
development of their design outputs. To work towards this goal, the intervention was focused
on encouraging constructive and valuable feedback exchanges by guiding the processes of
giving and receiving peer and client feedback during real-life design projects. In Chapter 4, we
evaluated the effect of this intervention on the formulation of feedback and the initial verbal
responses (Schut et al,, 2020). There we uncovered various constructive and valuable feedback
exchanges between the young novice designers, their peers and the clients. To achieve this, a
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series of key characteristics were implemented, namely: having attention for clarification and
shared understanding of the design ideas, balancing convergent and divergent feedback, and
using written and postponed feedback.

This chapter focuses on the processes of receiving and utilising design feedback. Receiving
feedback requires active processes like managing emotions, sense-making, and deciding how
to act upon the given feedback. Chapter 2 and 3 on unguided design feedback processes show
how primary school pupils struggle to take an active role and keep their emotions in check.
Therefore, the guided peer feedback approach we developed was also meant to support the
complex processes of receiving and stimulating the primary school pupils’ feedback uptake.
Here, we aim to understand the successes of the intervention and uncover points that can still
be improved in future iterations. The following section provides a theoretical framework on
feedback uptake in the context of design processes and possible ways to guide and encourage
young pupils to take an active role as feedback receivers. This discussion results in three key
principles to encourage constructive processing, sense-making and use of design feedback,
which are implemented in the peer feedback intervention. How this implementation was done,
and the resulting findings, are described throughout the rest of the chapter.

5.2 LITERATURE REVIEW

5.2.1 Feedback in design education

In general, design feedback forms an integral part of the studio practice of several university
design disciplines. During these critiquing moments, the students update their instructors,
peers and other stakeholders - such as real or simulated clients and potential users - on their
process and the status of their design. While their work gets criticised, and its plusses and
minuses are debated, the students have the opportunity to collect feedback (Dannels & Martin,
2008; Hokanson, 2012; Oh et al., 2013). These critiquing moments are considered imperative to
design education and practice (Gray, 2013a, 2013b). Furthermore, they are regarded as a
primary method through which novice designers develop their design skills (Hokanson, 2012;
McDonnell, 2016) and gain expertise from their instructors and other stakeholders (Dannels,
2005; McDonnell, 2016; Oak, 2000).

Through questions and comments, novice designers can be sparked to think more
deeply and broadly about their design (Stables, Kimbell, Wheeler, Door, et al., 2016), directly
impacting their creative thinking processes. To solve ill-structured open-ended problems
inherent to design (Dorst, 2003), designers must resort to these creative thinking processes to
generate and develop solutions (Dorst & Cross, 2001a; Lewis, 2009). Design feedback is
commonly used to help guide novice designers' creative design processes (Dannels et al., 2008;
Nicholl, 2004; Tolbert & Daly, 2013). The feedback moments are primarily about improvement
and development of a design (Van Dooren et al., 2020). By criticising the design output, the
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design moves and decisions a novice designer took or will take are addressed (Cardoso et al.,
2014; Oh et al., 2013; Yilmaz & Daly, 2016). Throughout a series of feedback interventions, the
instructors commonly expect the novice designers to showcase the utilisation of the feedback
they received through the developed and improved versions of their design.

However, this ideal of feedback utilisation often does not take place. Issues linked to a
lack of openness by design students towards the feedback they receive have been observed at
several educational levels. For example, university students were found to parry critical
feedback by becoming too descriptive or even defensive (Cardella et al., 2014; Cardoso et al.,
2014; Cummings et al., 2015). Chapters 2 and 3 showcase how primary school pupils often
rejected or ignored the feedback they received (Schut, Klapwijk, Gielen, & de Vries, 2019; Schut,
Klapwijk, Gielen, van Doorn, et al., 2019). A state of defensiveness was also observed as pupils
tried to protect the current state of their design (Schut, Klapwijk, Gielen, van Doorn, et al., 2019).
Although designers should be critical of the feedback they receive and remain true to (parts of)
ideas they believe to have value, the authors argued that the pupils’ process of receiving,
evaluating and utilising feedback could be improved on several facets.

5.2.2 Feedback uptake

As described in the previous section, the utilisation of feedback to evaluate, adjust and improve
designs is a crucial goal of design feedback. In the context of non-design-oriented higher
education, the utilisation of feedback by the learner is known as feedback uptake (Carless &
Boud, 2018). It highlights the centrality of sense-making of the feedback information by the
learners to be able to utilise it to improve their work (Boud & Molloy, 2013; Carless, 2015).
Furthermore, it goes beyond the premise that feedback is predominantly a source - e.g. peers,
teachers, professionals or computer-based systems - informing receivers -e.g. learners or
students - about strong points, weak points and how to improve (Carless & Boud, 2018). Rather,
it emphasises the pro-active stance learners need to take to process feedback to progress. In
other words, learners need to take an active role in the feedback process.

To be active receivers and adequately make use of feedback, learners require specific
competences and dispositions, which are known as feedback literacy (Carless & Boud, 2018;
Sutton, 2012). Carless and Boud (2018) define feedback literacy as “... the understandings,
capacities and dispositions needed to make sense of information and use it to enhance work or
learning strategies”. They describe a set of key capacities and dispositions feedback literate
learners have or need to acquire (Carless & Boud, 2018), being: (1) appreciating the role of
feedback in improving their work and understanding the active role they need to take, (2) being
able to maintain an emotional balance when receiving feedback and are proactive in eliciting
additional suggestions, and (3) continuously develop their evaluative capacities to be able to
make sound judgements about their own work and that of others. Together, these three
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competences maximise the potential for learners to utilise the feedback they received in order
to (4) take action (Carless & Boud, 2018), ultimately resulting in feedback uptake.

To better understand design feedback processes and the emotions involved, we will
build on a model from Carless and Boud (2018) that highlights the features of student feedback
literacy (see Figure 12). The decision for this particular model was twofold. Firstly, this is the only
model, to our knowledge, that explains feedback uptake through the capacities and disposition
that are needed by the receiver, thereby emphasising their active role in the process. Secondly,
we were able to adapt this model for this study while keeping its main features intact. The
following sections introduce this adapted model and discuss it in the context of design
education.

Appreciating Feedback < Making Judgments < Managing Affect

¢ 4

Taking Action

Figure 12: Features of feedback literacy (Carless & Boud, 2018)

5.2.3 Feedback uptake in the context of design

To shed light on the active role of the receiver within design feedback processes and generate
novel insights, we will translate Carless and Boud’s model of feedback literacy to the context of
design education. The feedback literacy model differs from the dominant approach in design
feedback literature, which either focuses on the role of the feedback givers - e.g. instructors,
clients or peers -, the context in which the feedback is delivered, or the manner in which
feedback is passively perceived or understood by receivers (Cardoso et al., 2014; Dannels et al,,
2011; Goldschmidt et al., 2010, 2015; McDonald et al., 2019; McDonald & Michela, 2019; Yilmaz &
Daly, 2016). Although these studies have led to insights and advice related to feedback giving,
which can have a positive influence on feedback uptake, the suggested improvements often
indirectly underline a passive role for the receivers. For example, the recommendations for
education given by Yilmaz & Daly (2016) are mainly focused on changes the instructor could
make in posing feedback, which are then consequently expected to change the actions of the
students. Some studies touched on the active role of novice designers as feedback receivers
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and their responsibility in utilising this feedback to their advantage (Dannels et al., 2008; Gray,
2013b). Yet, as far as we know, explicit measures that could support novice designers in
receiving feedback have not been studied in the context of design education.

Building upon Carless and Boud’s description of feedback uptake, we define design
feedback uptake as ‘novice designers taking an active role in utilising the received feedback to
inform their future design moves, ultimately leading to the development and improvement of
their design’. Furthermore, we build upon their model of the features of feedback literacy by
transforming it into a process-based model for design. Although not stated, the components in
their model implicitly point towards process steps as they are actions that a receiver
continuously goes through during a feedback process. Practising these actions will then
ultimately develop into capacities and dispositions. When taking this process perspective, the
features in Carless and Boud’s model overlap with actual process steps designers take during
feedback processes. In Figure 13, we visualised a process model of design feedback uptake to
illustrate how these process elements work together.

Our model utilises the four features described by Carless & Boud (2018) and highlights
the active role of the receiver in the design feedback process. When feedback is given, receivers
must balance their emotions and make evaluative judgements. In other words, they must
remain open to the feedback, try to make sense of it, and evaluate if it is relevant and valuable
for their creative design process. If the feedback is taken on board, this decision is followed by
them taking action, e.g. a redesign activity. Differently from Carless and Boud (2018), we placed
the element of ‘appreciating feedback’ in an overarching position. This decision was made
because we perceive this element on a different level than the other three elements of the
model. To illustrate, unconstructive feedback can directly affect the emotional balance of the
receiver, and non-valuable feedback can directly affect the receiver’s evaluative judgement and
ability to take action. In contrast, a receiver’s appreciation of feedback and their understanding
of its value is generally not directly affected by a singular piece of ‘bad’ feedback. In the
following sections, we will discuss each elements of the process model of design feedback
uptake. Although the process of actions will be described in a relatively linear matter, we want
to note that the actual processin real life is, of course, not linear.

Emotional balance

After presenting, displaying or explaining the current state of their design, the start of a
feedback process is the moment when the novice designers receive a variety of feedback. One
of the first actions needed during these initial moments in the feedback process is maintaining
an emotional balance, as illustrated in Figure 13. When feedback is given, receivers would
ideally be able to control their negative emotions and keep an open mind, even in the face of
critical questions and comments. Refraining from negative emotions and maintaining an
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emotional balance when receiving feedback is not easy, especially in the context of creative
processes like design.

Novice designers from various educational levels have shown difficulty maintaining an
emotional balance when receiving design feedback. In the studio context, it is observed how
design students responding to critical feedback can ignore the questions and comments,
become defensive, or resort to convincing the present parties of the quality of their design
(Cardella et al., 2014; Cummings et al., 2015; Goldschmidt et al., 2010). Studies in higher
education show that the manner in which students can control their emotional balance
impacts how they deal with feedback (To, 2016). When students’ negative emotions gain the
upper hand, it could easily lead to defensive responses (Robinson et al., 2013). These negative
emotions make it more challenging to evaluate and utilise the received feedback accordingly
and recognise its potential. Similar results have been observed by Schut et al. (2019a; 2019b) in
primary education, where the pupils often showed resistance to the questions and comments
that were posed during unguided feedback dialogues, leading to an adherence to the current
state of their design.

Most novice designers have a strong sense of ownership towards the design they are
working on. This ownership can persist into the occurrence of concept fixation (Luo, 2015;
Nicholl & Mclellan, 2007b, 2007a; Schut, Klapwijk, Gielen, van Doorn, et al., 2019), which is a
specific type of design fixation (Jansson & Smith, 1991; Purcell & Gero, 1996). When concept
fixation occurs, negative emotions toward critical feedback can gain the upper hand and a
strong attachment to the current state of the design develops (Schut, Klapwijk, Gielen, van
Doorn, et al., 2019). Attachment can have positive and negative consequences for creativity. On
the one side, a designer needs persistence when pursuing their ideas, especially since the
quality of creative ideas is often not recognised in the early stages of a design process (Tassoul,
2009). While on the other side, they must also be open to the possibility of being misdirected
(Crilly, 2015). The process of maintaining an emotional balance when receiving design feedback
is, therefore, directly linked to the balance between openness and persistence (Crilly, 2015;
Csikszentmihalyi, 1999).

So, what are responses that indicate openness from novice designers? In other words,
what types of responses would educators like to see from their pupils within the design and
technology classroom? In Chapter 2 and 3, a closer look was taken into the responses given by
pupils in various unguided and guided feedback exchanges (Schut et al., 2020; Schut, Klapwijk,
Gielen, & de Vries, 2019). Schut’s Design Feedback Model and Direct Responses Model (see Schut
et al.,, 2020) that were used as coding frameworks in the analysis gave a detailed insight into
exchanges indicating openness or resistance. Two categories of response from the Direct
Responses Model indicate degrees of openness to design feedback: so-called report type
responses and deep reasoning responses. Through report type responses, pupils explain
(features of) the design with different levels of certainty and justification. Generally, these types
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of responses are relatively neutral and enable constructive dialogue. Deep reasoning responses
showcase higher levels of thinking like reflection, evaluation, and ideation. These types of
responses indicate an understanding of the feedback and initial use, as new divergent and
convergent trains of thought are initiated. The studies showed that feedback exchanges are
delicate, and feedback type and timing can enable or discourage openness in the responses.

Educational Context

| 1
i L Appreciating & valuing feedback |
| I
! ! Emotional l 1
i I balance ! :
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Figure 13, Process model of design feedback uptake - the active role of the receiver (based on
Carless & Boud, 2018)

Evaluative judgement

After the feedback is initially received, the questions and comments need to be made sense off
and evaluated by the young novice designers to enable successful feedback uptake (Carless &
Boud, 2018). In feedback literature from higher education, evaluative judgement is described as
the ability to make decisions about the quality of one’s own work and that of others by
identifying and utilising the appropriate, although often ambiguous, criteria (Tai et al., 2017). To
evaluate something, learners need to have an understanding of what comprises quality within
their current learning environment and apply these criteria to the work in question (Tai et al,,
2017; Tai et al., 2016). When they understand this quality, they will be able to judge if the
received feedback is relevant and can help them to make improvements. On top of that,
learners need to be able to make sense of the feedback and the work before engaging in any
form of evaluation.

Within design education, information on quality is linked to the parameters of a design
assignment, which is generally accompanied by a set of explicit and implicit design criteria. The

98



Chapter 5| Literature Review

explicit criteria are generally directly linked to the context of the assignment, available
resources, and outspoken wishes from the client(s). The implicit criteria are often more
ambiguous and come, for the most part, from a place of personal preference. Novice designers
receive design feedback on their work from their instructors, peers and clients within these
parameters and criteria. After making sense of and understanding the feedback on a content
level, novice designers would ideally evaluate the feedback and their work based on the
parameters of the assignment, the design criteria, and (if applicable) their previous knowledge
and experience. This evaluation would then lead them to either accept or reject the received
feedback. Fither can be a valid decision, as long as it is done consciously. After all, not all
feedback is valuable, and concerns can be refuted. When accepted, the novice designers arrive
at the next stage within the process of feedback uptake, ‘taking action’. When rejected, non-
action or a different type of action can take place, which is outside the scope of the topic of
feedback uptake.

Chapter 2 and 3 showed that young novice designers in primary education are not
always able to adequately make sense of and evaluate the feedback and work in question
(Schut, Klapwijk, Gielen, & de Vries, 2019; Schut, Klapwijk, Gielen, van Doorn, et al., 2019). We
know from higher education that even for older and more advanced learners, sense-making
and evaluative judgement are capacities that are difficult to master (Carless & Boud, 2018; Pitt,
2019; Tai et al., 2017; Tai et al., 2016). Even if the feedback is complete, of good quality and
shared constructively, learners can still experience difficulty decoding statements properly
(Sadler, 2010; Sutton, 2012). Concurrently, this can lead to a lack of skill in evaluating feedback
and determining its value. This difficulty can be attributed to the level of ambiguity present
within design. Due to its creative nature, there is no single right solution to a design problem,
and there is no correct way to go about a design process (Dorst, 2003; Dorst & Cross, 2001a;
Lewis, 2005). Although explicit design criteria can provide several concrete guidelines, many
ambiguous criteria are often present within a design assignment. Due to this ambiguity,
evaluation standards are subjected to varied interpretations and enactments (O’'Donovan et al.,
2004).

However, young novice designers’ proneness to emotional imbalance when initially
receiving feedback is also likely to interfere with their evaluative capabilities. Their resistance
can lead to alack of critical reflection and evaluation and instantly steer them towards rejection
of the received feedback, regardless of the feedback’s content and quality (Schut, Klapwiik,
Gielen, van Doorn, et al., 2019). On top of that, young novice designers’ evaluative thinking is
already limited compared to experienced designers (Blom & Bogaers, 2018; Goldschmidt, 2016;
Schut & Blom, 2019). These studies thus show that evaluative actions are not easy to conduct
and hint towards the need of supporting pupils during these activities.
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Take action

When the evaluation of the feedback has resulted in agreement with and acceptance of this
feedback, this would ideally lead the young novice designers to ‘take action’, which requires
receivers to act upon the feedback given to them (Sutton, 2012). In feedback for learning, this
means that pupils need to actively close the feedback loop by using the feedback they receive
to inform their future work and learning processes (Black & Wiliam, 1998; Boud & Molloy, 2013;
Hattie & Timperley, 2007). In the context of design education, ‘taking action’ relates to the
novice designers utilising the feedback to conceptually and physically adjust and improve their
design. The driving forces behind these design developments are designers' creative thinking
processes (Barlex, 2007; Goldschmidt, 2014; Howard et al., 2007).

It is commonly accepted that creative thinking can be divided into divergent (DT) and
convergent (CT) thoughts (Goldschmidt, 2014, 2016; J. P. Guilford, 1967; Howard-Jones, 2002).
DT is generative in nature and entails the generation of new thoughts and ideas, whereas CT is
evaluative in nature and entails reflection and evaluation of these generated or already existing
thoughts and ideas (Sowden et al., 2015). According to the dual-process theories of creative
cognition, continuous shifting between both modes of thinking is needed when working
towards creative solutions (Finke et al., 1992; Howardet al., 2008; Sowden et al., 2015). Ideally,
design feedback supports novice designers in the process of taking action by encouraging
critical reflection and evaluation (CT) to identify various shortcomings and sub-problems within
their designs and, in turn, aid the generation (DT) of new additions and alterations to solve
these uncovered issues (Cardoso et al., 2014; Oh et al., 2013; Yilmaz & Daly, 2016).

Ideally, young novice designers would display a continuous array of divergent and
convergent actions. However, Chapters 2 and 3 showed that design feedback often does not
encourage the expected divergent or convergent thinking in primary school pupils (Schut,
Klapwijk, Gielen, & de Vries, 2019; Schut, Klapwijk, Gielen, van Doorn, et al., 2019). Instead, their
resistance to the feedback and concurrent rejection hampered their convergent and divergent
thinking. This led to a lack of action and an adherence to the current state of the design (Schut,
Klapwijk, Gielen, & de Vries, 2019; Schut, Klapwijk, Gielen, van Doorn, et al., 2019). These results
again illustrate that design feedback processes should not be left unguided when aiming for
feedback uptake.

Appreciating feedback

As illustrated in Figure 13, there is another essential overarching element that young novice
designers need to acquire or develop for successful feedback uptake, namely appreciating
feedback and understanding its value. As Carless and Boud (2018) describe it, learners need to
“recognise the value of feedback and understand their active role in its processes”. In the context
of design, this means that young novice designers understand that the value of feedback lies in
the help it can offer in informing their future design moves and decisions to ultimately develop
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their design skills and thereby improve their designs (Dannels, 2005; Hokanson, 2012;
McDonnell, 2016; Oak, 2000). Furthermore, they would be aware of the active role they need to
take to utilise this feedback to their advantage within their creative design processes.

Studies in general higher education show that students’ appreciation of feedback and
understanding their active role in the feedback process is often lacking. There is an indication
that students tend to perceive their role in the feedback process mainly as that of consumers,
passively receiving what is told to them (Bunce et al,, 2017; Mclean et al., 2015a). This
consumerist mindset inhibits students from taking responsibility and ownership over the
feedback process and, thereby, their own learning (Bunce et al., 2017). It may lead to passive
learner reactions and can feed into the narrative that it would be solely the teacher’s role to tell
them how to succeed. This narrative, in which learners could sit back and just listen, will not
work to their benefit, as they often lack the skills to properly decode and utilise feedback
questions and comments (Sadler, 2010).

Within design education, novice designers in higher education appear to be aware of
the value feedback can have concerning the improvement of their design process and design,
especially when it provides a way to move forward (Dannels et al., 2011; Oh et al., 2013). They
appear to understand that they need to take ownership of their design process and learning
and that feedback can help with that. However, design crits are known for their highly critical
and stress-inducing atmosphere (Anthony, 1991), filled with inconsistent feedback and a lack of
peer engagement (Smith, 2011). Although little research is present, these negative aspects of
the design feedback context likely affect novice designers’ appreciation of the feedback and
willingness to take an active role in the feedback process. Similar to general education, this can
create an environment in which novice designers behave in a passive manner.

5.2.4 Guiding design feedback processes

In the previous sections, it became clear that several obstacles still impede young novice
designers' feedback uptake. These issues are to be expected, since engaging in feedback
processes is a skill that requires development. Therefore, primary school pupils need to receive
guidance when engaging in design feedback processes. That way, the four highlighted
capacities and dispositions for successful feedback uptake can be developed and will
encourage pupils to take an active role. In the following sections, we will introduce three key
principles based on literature that will form the core of the peer feedback intervention
constructed for this study. A detailed description of the intervention and its guidance can be
found in the ‘research design’.
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Implementing high-quality peer feedback

The implementation of peer feedback is a promising way to improve feedback uptake. Peer
feedback entails pupils evaluating the work of their peers and communicating the judgements
they have formed accordingly. When giving feedback to their peers, pupils must apply criteria,
diagnose problems and suggest solutions. This is a very cognitively-engaging process, which is
often more beneficial than merely receiving feedback (Nicol et al., 2014). It contributes to the
development of pupils’ evaluative judgement, as they establish a sense of quality by making
comparisons with the work of others and increase self-reflection on their own work
(McConlogue, 2015; Wood & Kurzel, 2008). Critical self-reflection does appear to need some
extra encouragement, as evaluating and detecting errors in the work of others may be easier for
primary school pupils than applying these to their own work and performance (Leenknecht &
Prins, 2018). Another benefit is that peer feedback has a different power balance than teacher
feedback, and can reduce negative emotional reactions (Yang & Carless, 2013). This can have a
positive influence on the receiver’'s emotional balance.

Engaging in peer feedback practices can help develop young novice designers'
capacities and dispositions to become active feedback receivers (Carless & Boud, 2018). By
learning how to give appropriate feedback, an opportunity for increasing their abilities to
receive feedback is created. Additionally, by training how to construct appropriate feedback, in
other words, valuable and constructive feedback, the peer feedback will be of better quality and,
therefore, easier to handle when it is received. However, without the proper training and
support, these benefits of peer feedback will likely not take place (Tai et al., 2016). Therefore,
the designed peer feedback intervention for this study that does not only supports young
novice designers in the process of receiving (peer) feedback, but also guides them in composing
valuable and constructive peer feedback.

Within the context of design, several obstacles can impede the formation of
constructive and valuable feedback. Some of these obstacles are: interpretive challenges with
regard to the design and the feedback, leading to a lack of shared understanding between giver
and receiver (Higgins et al., 2001; Sadler, 2010; Schut, Klapwijk, Gielen, & de Vries, 2019; Stables,
Kimbell, Wheeler, Door, et al., 2016); feedback givers having a strong focus on feedback pushing
in convergent directions (Cardella et al., 2014; Cardoso et al., 2014; Cummings et al., 2015; Daly
& Yilmaz, 2015; Schut, Klapwijk, Gielen, & de Vries, 2019; Yilmaz & Daly, 2014, 2016), even though
this often does not evoke the expected moments of critical reflection and evaluation with the
receivers to help them realise previously unthought-of obstacles and concepts (Eris, 2004) or
consider alternatives to their current design trajectory (Cardoso et al., 2016); a lack of divergent
feedback, leading to a lack of prospective orientation, e.g. the feedforward component (Black &
Wiliam, 1998; Hattie & Timperley, 2007; Sadler, 2010). These obstacles undermine essential
creative processes such as divergence, which are a driving force behind exploratory thinking
and risk-taking (Daly & Yilmaz, 2015; Tolbert & Daly, 2013; Yilmaz & Daly, 2016).
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To help overcome these obstacles as mentioned above, young novice designers need
support. Chapter 4 describes a set of guiding design principles for supporting the construction
of high-quality feedback. The results demonstrate a level of openness from the pupils towards
the feedback that was not observed in previous unguided feedback exchanges (Schut, Klapwijk,
Gielen, & de Vries, 2019; Schut, Klapwijk, Gielen, van Doorn, et al., 2019). Furthermore, initial
responses to the received feedback indicated several instances of divergent and convergent
thinking through the so-called deep reasoning responses. The updated set of design principles
for high-quality peer feedback exchanges are: (1) continuously guide towards a shared
understanding of the design idea through low-level questions, especially before posing high-
level feedback, (2) emphasise positive aspects of the design through specific and concrete
compliments, (3) stimulate reflective, evaluative and generative thoughts through alternating
and iterating high-level divergent and convergent feedback, and (4) repeatedly provide a way
forward, thereby fostering improvement, by posing high-level divergent feedback.

Supporting and scaffolding giving peer feedback are expected to have two main
effects. Firstly, feedback input from peers will change and become more constructive and of
higher quality. Secondly, engaging in peer feedback is expected to positively influence the
capacities and dispositions needed for successfully receiving feedback, leading to feedback
uptake and ultimately enhancing feedback literacy.

Provide explicit guidance while enabling autonomy

As discussed above, learning how to give appropriate feedback is expected to help develop
pupils with receiving feedback. Additional guidance is needed to ultimately ensure successful
feedback uptake, as initial openness towards the received feedback does not automatically
mean that the upcoming steps of the chain will be followed. Similar to when other subjects
offer new learning content or procedures, pupils will need to receive explicit guidance to set
them up for success. This explicit guidance will take the feedback receiver by the hand and lead
them through the process of feedback uptake, while simultaneously helping them develop the
aforementioned elements.

When taking pupils by the hand, it is relevant to start with creating an understanding of
the need for design feedback. Creating this understanding can, for example, be done through
meta-dialogues between the teachers and pupils. These dialogues should help pupils gain
insight into the role of design feedback, outline effective feedback strategies, and highlight
common pitfalls (Carless & Boud, 2018). Actions like sense-making, evaluating, and utilising
feedback should be made explicit to signal the importance of taking action from the feedback.
Supporting these actions can, for example, be done through the use of specific and well-timed
verbal prompts. In inquiry-based education, the use of explicit guidance such as prompts has
been fruitful; likewise, it is expected that making actions related to the uptake of feedback
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explicit can greatly benefit pupils’ evaluative judgement. Furthermore, clarifying that they can
make a (well-considered) choice in which feedback to accept or reject helps create autonomy.

Besides that, explicit guidance can help create calmness in receiving feedback.
Creating calmness can help pupils maintain their emotional balance and capture key
information. Encouraging calmness can, for example, be done by delaying the receiving of
feedback by offering it (again) at a later time in written form. Oral feedback is currently the
standard when providing critique within design education (Anthony, 1991; Oh et al., 2013).
Although it has advantages, such as flexibility, interactivity, and high volume in a short amount
of time, the fleeting and often unstructured nature of oral feedback can make it difficult for the
receiver to capture what is essential. Therefore, a combination of oral and written feedback can
provide a solution. Written feedback can assist the receivers with capturing what is important.
Furthermore, it gives the opportunity to provide delayed feedback. Even though it was long
thought that immediate feedback was better for learning, Black and Wiliam (2018) discuss how
feedback is often more effective for learning when delayed. This is because the delay asks for a
greater retrieval strength of the memory for the receiver, which has a greater impact on long-
term learning. Additionally, the delay creates a situation that does not require an immediate
response. This lack of urgency enables the receivers to take their time when reflecting and
evaluating the feedback in relation to their design, which can benefit their ability to maintain an
emotional balance.

Design of the learning environment

A leaming environment which allows for and caters to feedback utilisation is an important
enabler for feedback uptake. Feedback has no effect in a vacuum and will not initiate further
action by itself (Carless & Boud, 2018; Hattie & Timperley, 2007). Preferably, a learning
assignment creates the conditions for active feedback utilisation during the assignment,
especially for novice learners. For that feedback exchanges need to take place throughout the
duration of the assignment instead of solely at the end. In this way, learners are guided towards
active feedback utilisation. Generally, design assignments are an excellent example of a
learning context with great emphasis on using feedback. Often there are multiple feedback
moments planned within an assignment, during which feedback utilisation is expected to be
showcased through the adjusted and improved design (Anthony, 1991; Goldschmidt et al., 2015;
Oh et al, 2013). For the feedback receivers, this increases the need to take action and
encourages feedback uptake. Although this type of set-up might be common in design
education, itis often not present in general primary education (Black & Wiliam, 1998).

To summarise, three key principles have been discussed that are expected to enable
young designers’ active role in design feedback processes and to stimulate their feedback
uptake, namely: (1) Design of a learning environment that allows for and caters to active design
feedback utilisation, (2) implement high-quality peer feedback, teaching how to give
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constructive and valuable feedback, and (3) provide explicit guidance through the process of
receiving, evaluating and utilising feedback while enabling autonomy. These principles will
form the core of the peer feedback intervention constructed and used in this study, which led to
the following research question: In what way does the peer feedback intervention enable pupils
in their process of design feedback uptake?

5.3 RESEARCH DESIGN

To answer the research question, we utilised an educational design research approach,
comprising two cases over the course of one year (Bakker, 2018; Van den Akker et al., 2006; Yin,
2014). These two cases, named Case 2 and 3 (see Figure 1, Chapter 1), are the same as those
discussed in Chapter 4. A qualitative research design is deemed suitable for the research
objective, as research on receiving and utilising design feedback at a primary school level is
scarce, if not non-existent. Qualitative research aims to explore the nature of a phenomenon or
learn about the views of individuals with the researcher as the primary instrument for data
collection and analysis (Creswell, 2012).

Since this fourth study was done on the same two cases as the third study described in
Chapter 4, the description of the participants and design sessions will be identical. Reference
will be made to tables and figures presented in the previous chapters.

5.3.1 Participants

The two cases took place at two different primary schools in the Netherlands. The participating
schools were selected based on their interest in design and technology education and their
wish to be introduced to design through a guided hands-on project. From each school, one
classroom of children (age 8 -12) participated in the study. There were two main case studies,
which were preceded by one pilot case study to enable a quick test run of several guiding tools.
Table 5 (Chapter 4) gives an overview of the two main case studies, which we will now name
Case 2 and B. In both school classes, the children had no previous hands-on experience with
designing, apart from 8 children of Case 2 who participated in a short pilot case study a few
weeks prior (Van Mechelen et al., 2018). Right before the start of each design project, the
teacher divided the children into gender-mixed heterogeneous design teams of four children. In
Case 2, the teacher made sure to put the pupils who participated in the pilot case study in
different teams. From each school class, four design teams were selected for in-depth data
collection and analysis. The selection was made by the teachers and based on our request to
select four teams that could represent the class as a whole regarding academic achievement
and collaboration.
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5.3.2 Design Sessions

During the two cases, the design teams worked on solving real-life design challenges presented
to them by real clients. To solve the challenges, they were guided through the entire design
cycle in six design sessions of 90 to 120 minutes spread over 2 to 3 weeks. The design sessions
were structured as follows: introduction & sensitising, exploring the design theme, defining a
point of view, ideation, selection & detailing, feedback on the design ideas, concept
development & prototyping, and feedback on the final designs. The design activities were
based on tools and methods from the CPS tradition (Isaksen et al., 2010; Tassoul, 2009), design
tools from the Delft Design Guide (Van Boeijen et al., 2013) and lessons learned from previous
studies conducted by the researchers connected to this study. These lessons learned included,
but are not limited to, the following topics: design fixation (Schut, Klapwijk, Gielen, van Doorn,
et al., 2019), design feedback (Schut, Klapwijk, Gielen, & De Vries, 2019), group dynamics (Van
Mechelen et al., 2015), co-design processes (A. van Boeijen et al., 2020; Van Mechelen, 2016; Van
Mechelen, Laenen, et al., 2019), and children’s design skills (Van Mechelen et al., 2018; Van
Mechelen, Schut, et al., 2019). Table 6 (Chapter 4) gives a concise overview of the content of
each of the design sessions. Furthermore, the tools used in the design sessions can be found on
the  following  websites:  www.tudelft.nl/codesignkids ~ (English  version)  and
www.tudelft.nl/yourturn (Dutch version).

The design sessions took place in a normal classroom setting, and all design teams
participated simultaneously. The first and third authors facilitated the sessions, and both had
experience in doing so. Having two researchers lead the sessions was a deliberate choice to
ensure that the content of the sessions was implemented as envisioned. The class teacher was
present during all of the design sessions to assist with any classroom management or
behavioural issues.

5.3.3 Peer Feedback intervention

The peer feedback intervention is developed to encourage the design teams to take an active
role in the feedback process, thereby enabling their feedback uptake. Specifically, the
intervention was developed to facilitate design teams and pupils to: (1) appreciate feedback
and understand its value, (2) maintain an emotional balance to encourage openness towards
feedback, (3) develop an evaluative judgement, and (4) take action through concurrent design
moves. To achieve this, the intervention was based on the three key principles which concluded
the literature review - (1) Create a learning context which allows for and caters to design
feedback utilisation, (2) implement peer feedback, teaching how to give constructive and
valuable feedback, and (3) provide explicit guidance through the process of receiving feedback
while enabling autonomy.
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Principle 1: Create a learning environment which allows for and caters to design feedback
utilisation

Following the first key principle, giving, receiving and utilising feedback had a central position
throughout the design sessions and was not just reserved for the end. This set-up was
intentionally created to ensure a learning environment that caters to and actively asks for
feedback utilisation. The feedback intervention was implemented in the 4™, 5™, and 6" design
sessions and consisted of an elaborate procedure to guide giving, receiving and utilising
feedback. In the 4" session, design critiques took place, during which the design teams took
turns to present their design and receive questions and comments from their peers (the other
design teams) and the clients. Additionally, the peers and clients constructed written feedback
via feedback forms. During the 5% session, the design teams discussed the feedback forms and
selected those they wanted to utilise to improve their design. Finally, in the 6" session, design
critiques took place again, during which the design teams presented their improved designs
and received verbal feedback from their peers and the clients.

Principle 2: Implement high-quality peer feedback, teaching how to give constructive and
valuable feedback

Following the second key principle, a core component of the intervention was implementing
continuous peer feedback. The design teams actively participated in the construction of verbal
and written peer feedback in the 4" and 6 design sessions. They were taught and guided in
both design sessions on how to share valuable and constructive feedback. This guidance was
based on an initial set of key principles that are discussed and analysed by Schut et al. (2020): (1)
guide towards a shared understanding of the design through low-level convergent feedback, (2)
stimulate critical reflection and evaluation of the design to help identify and internalise possible
shortcomings through high-level convergent feedback, and (3) provide a way to move forward
by guiding new generative thoughts through high-level divergent feedback. For more detail on
the guidance of giving feedback, we refer you to Chapter 4. These guiding principles were taught
to the pupils through meta-dialogues on the use of design feedback and analysing exemplars,
which are considered fitting teaching methods (Carless & Boud, 2018; Carless & Chan, 2017;
Sadler, 2010). Furthermore, a feedback form was used as a scaffolding tool to help pupils and
clients construct their feedback during the 4" design session. Each ‘peer’ design team
collaboratively filled in a feedback form for each presenting team. If more than one client was
present, they also collaboratively filled in a feedback form for each team. Table 8 gives a concise
overview of the procedure of the feedback forms in the 4" design session and the modifications
from Case 2 to 3. During the 6" design session, a similar approach was followed; only no
feedback forms were used. There, the guiding prompts on the forms were instead verbalised by
the facilitators.
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Table 8: Overview of the procedure of the feedback forms in the 4™ design session of Cases 2
and 3. The quotations are copied and translated from the feedback forms or are the translated

verbal prompts.

Part

4" design session

Preparation

Meta-dialogue, analysing examples and modelling exercises guided by
facilitators to teach the intention and procedure of the feedback intervention to
the design teams and the clients.

Modification | More time was reserved for the meta-dialogue and for analysing
in Case 3: exemplars, so more examples could be discussed.
Reasoning: | To uplift the quality of the feedback on the forms. Several

feedback forms in Case 2 were not fully filled in according to the
format, which interfered with the quality.

The next parts for

m one turn per design team.

(1) Guiding
towards a
shared
understanding

Design team presents design idea.

Peers and clients received verbal prompts to pose clarification questions to
work towards a shared understanding of the design.
“What do you not yet understand about the design?”

Peers and clients

receive scaffolding quidance through feedback forms

(2) Stimulating
critical
reflection and
evaluation

Peers and clients are guided to construct specific compliments.
“What do you think is already good about the design?”

Peers and clients are guided to construct high-level convergent feedback.
“We think this could be better about the design. .. because ...”

(3) Providing a
way forward

Peers and clients are guided to construct a high-level divergent how-question.
“How canyou ...”

Peers and clients are guided to construct possible solutions to their how-
question.
“We think this could maybe be a solution ...”

The clients and a few peers share their feedback with the design team by
reading the feedback forms aloud.

Modification | Quality Check. When the shared feedback did not adhere to the

in Case 3: format of the feedback forms, time and guidance were given to
the peers to adjust the forms accordingly.

Reasoning: | To uplift the quality of the feedback forms. Several feedback forms

in Case 2 were not fully filled in according to the format, which
interfered with the quality.
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Principle 3: Provide explicit guidance through the process of receiving feedback while
enabling autonomy

During the 5" design session, each design team ultimately received all feedback forms filled in
by each of the ‘peer’ design teams and the clients. Following the final key principle, the
feedback procedure provided explicit guidance to the design teams through the process of
receiving and discussing the filled-in feedback forms, and selecting those they deemed valuable.
The design teams were encouraged to utilise the selected feedback as a starting point to
generate new additions and solutions to adjust further, develop and improve their design.
Table 9 gives an overview of the feedback procedure during the 5 design session and the
modifications from Case 2 to Case 3.

To start, the design teams participated in a meta-dialogue led by the facilitators to
remind them of the value of feedback for improving their design and to discuss how the
received feedback could be utilised. The facilitators used examples from a real design context
to explain how feedback could help with discovering shortcomings and generating new
solutions and additions. Furthermore, it was continuously stated that ‘feedback is shared to
help you as a designer’. Subsequently, the procedure of receiving, discussing and selecting
feedback forms was shortly explained. Aside from this, the researchers also facilitated each step
of the procedure in real-time through verbal prompts, to guide the procedure as planned. With
regards to the evaluation of the feedback, the design teams were encouraged to select
feedback that they could utilise to improve their design within the time they had. No specific
guidelines on how to select were given, as the design teams were presumed to have gained
insight into the quality of feedback through the peer feedback process. This freedom to make
their own choices regarding feedback selection and utilisation enabled a level of autonomy.

5.3.4 Data collection

Four design teams were selected from each case for in-depth data collection and analysis. The
teacher made the selection based on our request to select four teams that could represent the
class as a whole concerning variety in academic achievement and collaboration. This selection
was made before the start of the design sessions. The selected design teams were audio and
video recorded during the design sessions. Due to the focus of this study on the pupils” active
role during the feedback process, the recordings of the 5" design session were selected for data
analysis. More specifically, the teams' conversations regarding feedback evaluation, selection
and utilisation were selected. The feedback forms were collected. Additionally, the first and
third authors held semi-structured post-interviews with the selected design teams that were
video and audio recorded. The interviews started with a card sorting activity. Each pupil was
given cards with the primary activities of the design project and asked to rank them from
successful to less successful based on their personal experience. This ranking was then
discussed with each pupil. The interview then moved to question the design teams on two
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topics: co-design skills and design feedback. Here, the focus lies on the second topic. To
uncover the pupils’ cognitions and perceptions regarding design feedback in general and the
peer feedback procedure, questions were asked regarding their understanding, perception and
experience of giving and receiving design feedback.

5.3.5 Data analysis

The process model of design feedback uptake that we introduced previously (see Figure 13) was
used as a framework for data analysis. This decision was based on the aim to gain insight into
the success and obstacles of the peer feedback intervention by understanding the interplay
between the key principles of the intervention and the process of design feedback uptake. To
achieve this, we categorised the data in the elements of this model - emotional balance,
evaluative judgment, take action, and appreciating feedback. To establish this categorisation,
we followed the Verbal Analysis approach (Chi, 1997), which consisted of the following steps:
segmenting the transcripts into units of analysis, selecting and developing the coding
frameworks, applying the coding frameworks in a coding process, and pattern identification
and interpretation.

This approach was selected because it helps to determine what happens at different
grain sizes within the data so that patterns can be identified. In turn, these patterns allow us to
understand the actions, perceptions and experiences of the design teams during the different
parts of the feedback procedure and determine their quality in relation to the process model of
design feedback uptake. In other words, we were interested in uncovering what is desirable in
terms of pupils” actions, expressions, and thoughts in relation to the process of design feedback
uptake. The primary data sources consisted of the transcriptions of the audio-video recordings
of the 5th design session and post-interviews of the selected design teams. Combined, these
two moments would give an understanding of the pupils’ real-time behaviour and responses
when following the feedback procedure and their reflection on the experiences in hindsight.
The upcoming sections give a detailed description of the analysis process of the
aforementioned data.

Besides Chi’s Verbal Analysis approach, an additional small analysis was done to
determine the quality of the feedback on the feedback forms. As pointed out in the theoretical
framework, the quality of the feedback that is shared can influence how constructive the
feedback exchange will be. Establishing constructive feedback exchanges is an important pre-
condition when aiming at encouraging young novice designers’ active role in the feedback
process. The feedback forms were designed to guide towards valuable and constructive
feedback by requiring the clients and peers to adhere to a strict format when writing their
feedback. In the quality analysis of the feedback forms, we determined to what extent the
feedback content adhered to this format.
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Table 9: Overview of the procedure of the feedback intervention in the 5" design sessions of
Cases2and 3.

Part: 5" design session

Meta-dialogue guided by facilitators to remind the participants of the value of
Preparation | feedback for improving their design and discuss how the feedback could be
utilised. An explanation of the steps of the receiving, discussing and selecting
procedure.

Design teams receive the filled-in feedback forms and are prompted first to read all
Receiving the feedback forms.

Modification #2 | Addition of a specific prompt so the members of the design team

in Case 3: would take turns to read the feedback forms out loud to each
other.
Reasoning: In Case 2, some design teams’ process of reading the forms was

somewhat disorganised, leaving some members with little
knowledge of some of the feedback forms.

Modification #3 | Addition of a specific prompt so the design teams would not yet

in Case 3: read the proposals on the feedback forms. To enable this, these
proposals were hidden in an envelope.
Reasoning: In Case 2, the proposals appeared to hinder some of the design

teams' creative thinking processes due to copying behaviour.

Design teams are prompted to discuss and then select the feedback form of the
Discussing | clients and one feedback form from their peers.

and Modification #4 | Addition of specific verbal prompts creates a more distinct

Selecting in Case 3: separation between the process of discussing and selecting
feedback forms.

Reasoning: In Case 2, some design teams could not follow the prompting of

several small tasks at once. This led to distraction, which hindered
their participation.

Design teams are prompted to discuss how they can utilise the feedback to

Utilising improve their design and make this visible within their prototype.
Modification #5 | Addition of a specific verbal prompt to first discuss how the
in Case 3: feedback could be utilised to improve the prototype before
starting the building process again.
Reasoning: In Case 2, the dialogue about how to take action based on the

feedback selected was not as prominent due to the immediate
start of the building process.

Modification #6 | Midway through this dialogue the design teams were prompted to

in Case 3: check the proposals in the envelopes accompanying the selected
feedback forms.
Reasoning: In Case 2, it appeared that not all design teams were fully aware

that the proposals were meant as inspiration and some direct
copying took place, which hindered the stimulation of their own
creative thinking processes.
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Units of analysis

From the transcripts of the 5 design session, units of analysis were created with different grain
sizes, which were nested within each other. First, a coarse grain size (GS1) was made based on
each episode, in other words, on the parts of the feedback procedure initiated by the verbal
prompts, e.g. preparation, receiving, selecting and discussing, followed by utilising (see table 9).
A finer grain size (GS2) was made on the feedback form at the centre of each part of the
dialogue. This grain size was also made to determine the type of feedback and the responses it
evoked. This way, each piece of feedback could be followed throughout the dialogues. For the
post-interview, units of analysis were created on two different grain sizes, which were also
nested. Since the post-interview questioned the pupils’ entire designed experience, a courser
grain size was first made on each episode. Meaning that the interview questions and concurrent
responses were in their content focused on specific parts of the feedback procedure. Secondly,
a finer grain size was made on the consecutive responses of the pupils to the interview
questions.

Coding frameworks

A set of coding frameworks were developed to establish the nature of the feedback and its
responses in earlier studies. To determine the type of feedback at the centre of each dialogue in
GS2, the Design Feedback Model of Schut et al. (2020) was used, which is displayed in Figure 10
(Chapter 4). This model gives insight into the divergent or convergent nature of the feedback
and the level of cognitive strain needed to answer. To determine the nature of the responses to
the feedback in GS2, the Direct Responses Model of Schut et al. (2020} was used, which is
displayed in Figure 11 (Chapter 4). This model gives insight into different groups of direct
responses, namely: resistance responses, report type responses, agreement type responses,
and deep reasoning responses. We refer to Schut et al. (2020) for a detailed explanation of the
models. As previously discussed in the theoretical framework, the constructiveness and value of
feedback exchanges were influenced by the interplay between the type and timing of feedback
and responses. Therefore, using these frameworks can give insight into how the content of the
feedback forms and how they were processed related to the elements of the process model of
design feedback uptake.

Coding process

Of the transcripts of the 5" design session, the episodes of GS1 were coded with the
predetermined parts of the feedback procedure, as can be found in Table 9. In GS2, the parts of
the feedback forms were coded with the feedback codes from Schut’s Design Feedback Model.
Additionally, we classified who the feedback was from, the client(s) or peers, and the quality of
the feedback on the form. The direct responses of the pupils were coded with the response
codes from Schut’s Direct Responses Model. Furthermore, we inductively coded for evaluative
criteria that arose within the responses, and explicit verbalisations on the appreciation or
meaning of feedback. These types of responses were not part of the model but were important
for the categorisations of ‘evaluative judgement” and ‘appreciating feedback’. All the aforenoted
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codes were used to code the post-interview transcripts. The main reason for this was to
connect the pupils’ reflective perceptions to the events in the 5" design session.

Trustworthiness was ensured by the consensus-seeking manner in which the coding
was done. To start, the first author coded the transcripts of the 5™ design session. When an
understanding was formed of the data of the 5" design session, the first author coded the
transcripts of the post-interviews. Consistency was promoted by routinely discussing the coded
data with the second author.

Pattern identification and interpretation

To analyse the coded data, tables were constructed per design team with the four elements of
the process model of design feedback: emotional balance, evaluative judgment, take action,
and appreciating feedback. Per element, descriptions and quotes were added to the tables to
create an understanding of the actions, perceptions, and experiences of each design team. With
regards to emotional balance, we looked for instances of openness and resistance of the design
teams towards the received feedback. For evaluative judgement, we looked at the construction
and use of evaluation criteria to form a judgement on the feedback forms. For take action, we
looked at instances in which the design teams used the feedback to inform future design moves,
which means that we looked for evidence of ideation, reflection and evaluation in the
transcripts. For appreciating feedback, we looked at indications of appreciation and
understanding of the value of feedback. Additionally, we looked at instances that could
evidence the design teams’ understanding of their active role in the feedback process. These
tables were then used to interpret the data and look for patterns.

5.4 FINDINGS

The following sections introduce the results of the qualitative analysis. The descriptions of the
results are supported by translated excerpts of the transcripts of the design teams’
conversations during the 5" design session and post-interviews. In these examples, the pupils
that were part of the design team are indicated as ‘child’ and, if necessary, a number. Likewise,
the facilitators are indicated as such. Furthermore, numbers are assigned to each design team
to enable specific references when describing the results. For Case 2, thisis teams 1, 2, 3, and 4,
and for Case 3,teams 5, 6, 7, and 8 (also see Table 5, Chapter 4).

5.4.1 Emotional balance

In this section, we discuss to what extent the design teams maintained an emational balance
when receiving the feedback forms during the 5™ design session. Keeping an emotional balance
means that the teams display openness to the critical comments and questions in the feedback.
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They need to be aware of the possibility of being misdirected in their thought processes, and
that feedback can help them improve and move forward.

Case?2

In Case 2, one of the teams, team 3, clearly showcases openness when reading and discussing
the feedback forms during the 5 design session. From their dialogue, it can be observed that
they have a positive attitude when reading feedback and are very accepting of the
shortcomings it points out within their design. During their post-interview, they stated their
focus was on improving their design and perceived the feedback as an opportunity to achieve
this. These results indicate that they could maintain an emotional balance when receiving
feedback.

Case 2, 5th design session, team 3

Child: I thought it was nice, the feedback. Because, yeah, else the idea would have been
really different. The feedback is always nice to get some tips, like ‘add points, then it [the
game] will be fun for a longer amount of time’.

Two other teams in Case 2, teams 2 and 4 displayed resistance towards some of the feedback
forms, primarily those constructed by their peers. This resistance was observed by how they
instantly dismissed and disagreed with the content of most of these feedback forms. Although
the teams should be free to reject feedback that holds no value to their design process, this
rejection should ideally be a weighed and thought-out decision and not driven by negative
emotions. We presume that their resistance is linked to the poor quality of many of the
feedback forms these two teams received. In contrast to these observations, one team member
of team 2 was able to take a step back and reflect on their resistance, as is shown in the
example below. She was, however, not able to convince the other team members to do the
same.

Case 2, 5th design session, team 2
Child: But it is not only about the clarity of it [the feedback form]. /It’s about if we can do
something with the tip.

Both teams showed openness towards the clients' feedback forms, which were complete and
filled in according to the format. It appears that the quality of the feedback forms influences the
ability of the receiver to maintain an emotional balance. Additionally, the teams might be
slightly more open to feedback from the clients than their peers, which could be due to the
difference in status.
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Furthermore, both teams show a level of openness to the feedback during the post-
interviews. Although it is clear they did not agree with all of the feedback, they also describe
moments of understanding and openness, as illustrated here.

Case 2, post-interview, team 2
Child: Well, someone said something, and then | started thinking and then | thought, ‘yes,
maybe that’s also possible’.

In team 4 this level of understanding and openness appears to be tied to how ‘easily’ the
feedback could be solved. The following example showcases this. One could therefore argue
that this is not genuine openness.

Case 2, post-interview, team 4

Facilitator: Why did you not mind it [receiving critical feedback] that much?

Child: The points were easy. They believed that somebody [a player of the game] should
win and that the rules should not be too difficult. So that was easy to solve.

Finally, team 1 had little communication and a lack of collaboration during session 5, which led
to few observable conversations. During the post-interviews, this team stated on several
occasions that they understood why they received the feedback and agreed with the
shortcomings it pointed out. This understanding does indicate openness, yet does not directly
give insight into their emotional balance.

Case 3

In Case 3, two of the four teams, teams 6 and 8§, clearly display openness when reading and
discussing the feedback. Their dialogue in the 5" design session showcases them agreeing with
some of the feedback and disagreeing with other feedback, while keeping a level of calmness.
During their post-interview, both teams generally talked positively about receiving feedback
and stated that they perceived it as an opportunity to improve their design, illustrated in the
quote below.

Case 3, post-interview, team 6
Child: Yes, we handled it [the feedback] well. We thought ok, this is again a tip and this is
how we could still improve. And then we also built it that way.

In contrast, team 8 also stated that they perceived some of the feedback as ‘useless’, since it
uncovered shortcomings in their design that they had already solved. Even though they
generally displayed openness to feedback, this response does show resistance to feedback that
is no longer relevant.
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One team, team 7, did not showcase any strong emotions towards the feedback, either
positive or negative. Although this is not a direct indication of openness, it does indicate a
certain level of emotional balance. Additionally, the team showcased a positive attitude when
talking about receiving feedback during their post-interview. However, this team's overall
communication and collaboration was somewhat disorganised and chaotic. Therefore, it is
unclear how invested they were in the process of utilising the feedback to improve their design.
It could potentially be easier for a team to maintain an emotional balance when they are less
invested in the process.

Lastly, team 5 clearly displayed a lack of openness when reading and discussing their
feedback forms. Similar to Case 2, this resistance was primarily directed toward the peers’
feedback. As illustrated by the two examples below, the team often stated that the feedback
they received was something they had already solved or was irrelevant to their design. Justified
or not, these initial responses showCase a lack of openness which could set the tone for future
feedback encounters and compromise their evaluative judgement.

Case 3, 5th design session, team 5
Child: ‘How can you make sure that you can also play on your own?’ [red from the
feedback form]. Ok, this is no use to us.

Case 3, 5th design session, team 5
Child: (shrugs its shoulders) Yes, but this (looks at feedback form) doesn’t make sense! So
many mistakes!

However, the team displays some openness toward the feedback in their post-interview. They
state that feedback should be received openly and used to improve a design, as showcased in
the example below. This statement indicates that the pupils are aware that they should ideally
control their negative emotions when receiving feedback.

Case 3, post-interview, team 5

Child: Just take it [the feedback] and don’t say for example ‘yes, it is really annoying that
vou all think it’s a bad idea’. We actually should just take it well and thank them for
wanting to help to improve it [the design].

Similar to Case 2, this resistance appears to be linked to the quality of the feedback and who is
the giver. During their post-interview, team 5 stated that the feedback they received lacked
quality. While this indicates a level of resistance, it also showcases an ability to judge the value
of the received feedback. The feedback of the clients, which was often of better quality, was met
with more openness. Besides the difference in quality, the teams explicitly mention how the
status of the clients influenced their decision and thereby their openness towards the feedback.
The following example illustrates how the clients are viewed as experts through experience.
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Case 3, post-interview, team 5

Facilitator: How was it to make a choice [between the feedback formsj?

Child: It was kind of easy. Because for example the Kinderraad [child representatives of
the hospital], they are sick themselves.

Conclusions

To conclude, several teams of Cases 2 and 3 showcased that they were able to maintain an
emotional balance when receiving feedback. In some cases, this openness was not as clearly
observed when they initially received the feedback, but the presence of openness could then be
derived from the post-interviews. These teams displayed openness towards the feedback and
understood the possibility of being misdirected. Furthermore, they could indicate how the
feedback changed their perspective on a particular aspect of the design and how this led to
alterations.

The results appear to indicate that the presence of resistance and lack of emotional
balance is affected by the quality of the received feedback and the status of the giver. For
example, good quality feedback from the clients was well-received by all teams, even if a team
displayed negative emotions towards other feedback just before they read the client's feedback.
In Case 3, several modifications have been made to the feedback intervention. One of the
effects was the improvement of the quality of the constructed feedback, which we presume to
have had a positive impact on the emotional balance of teams.

5.4.2 Evaluative judgement

This section discusses the design teams’ sense-making and evaluation of the feedback forms
they received during the 5" design session. As explained in the research design, the design
teams were prompted to select one feedback form from their peers and the form of the clients
to utilise to improve their design. No specific guidelines were given to the teams on how to
make this selection, since it was presumed that they had developed an understanding of
feedback quality through the peer feedback process.

Case 2

Observations of the dialogues of the teams during the 5 design session in Case 2 did not give a
conclusive insight into how the teams made sense of and evaluated the feedback forms they
received. Several teams mentioned the completeness of the forms, which often led to them
rejecting forms that were not filled in fully. Additionally, the teams talk about ‘good’ and ‘bad’
feedback forms, which appear to be linked to the quality of the written feedback. However,
these evaluation criteria remain rather ambiguous and only give some indication for a tacit
understanding of quality. Therefore, we primarily focus on the data of the post-interviews when
describing the results.
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During the post-interviews, teams 1, 2 and 3 stated that they focussed on the
reasoning of the convergent feedback when evaluating the feedback forms, which means that
they directed their attention to the section on the feedback forms that explained why the
uncovered shortcoming in their design would cause an issue according to the giver. This focus
isillustrated by the following example.

Case 2, post-interview, team 2
Child: Well, with some of the feedback | thought “this is not so useful”, because it would
say what was wrong, but would not explain why.

Team 4 focussed on the convergent feedback in a slightly different manner. This team explicitly
described how they selected the feedback that uncovered a shortcoming they did not address
yet, as showcased in the quote below. This means the team evaluated the content of the
convergent feedback in relation to the state of their design.

Case 3, post-interview, team 4

Facilitator: How was it to make a choice [between the feedback forms]?

Child: It was rather easy I think. It was just the ones we thought were good, as we had not
thought of any solutions for those yet. It was kind of easy.

Besides that, most teams paid attention to the divergent feedback, specifically how this
feedback could help them move forward with their design. For example, team 1 primarily paid
attention to the how-questions, while teams 2 and 3 mainly focussed on the proposals. In
contrast, several teams describe having had trouble when constructing divergent feedback for
their peers. This experience indicates the importance of adequate guidance for the feedback
givers, as convergent feedback clearly holds value to the receivers. Additionally, team 1
specifically mentioned that the feedback needed to be written clearly on the feedback form,
and team 2 explicitly noted the importance of completeness. Team 2 even showcases
frustration when talking about incomplete and ‘bad’ quality forms, which appears to affect their
ability to keep an emotional balance.

Case 3

Similar to Case 2, it was difficult to observe from the dialogues how the teams made sense of
and evaluated the feedback forms they received. Again, the teams mention ‘good” and ‘bad’
feedback forms, while the underlying evaluation criteria are often missing. The few instances in
which the teams give an evaluation criterion are mainly linked to the forms that get rejected.
The rejection then is based on the feedback being ‘not relevant to the design’, ‘not focussed on
the design, or ‘addressing a shortcoming that is already solved’. Additionally, only team 5
specifically mention the ‘completeness’ of the forms. This difference from Case 2 can be
attributed to the improved quality of the filled-in feedback forms in Case 3. Although these
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rejection criteria also give some insight into the possible criteria for acceptance, these
observations are insufficient. Therefore, we will again focus on the data of the post-interviews.

Similar to Case 2, all the teams of Case 3 paid attention to shortcomings uncovered by
the convergent feedback and how well these shortcomings were explained. These evaluation
criteria appear to be connected to the teams’ belief that ‘good’ feedback makes improvement
of the design possible. The following example illustrates this belief.

Case 3, post-interview, team 6

Child: Well, good feedback means that you can improve it [the design]. So, for example
the feedback of the Kinderraad [child representatives of the hospital] said that we
should make it [the design] safer. So, then we did that. And it [the design] became much
better, because if you receive good feedback you can make better things.

The example above shows similarities to team 4 in Case 2, who also selected feedback that
uncovered an unaddressed shortcoming in their design. Another similarity to Case 2 is that
most teams of Case 3 also note the importance of providing a ‘way forward’ through divergent
feedback in the form of proposals or a how-question. The example below illustrates this notion.
Although divergent feedback was a core feature of the intervention, its importance was not
explicitly explained to the design teams.

Case 3, post-interview, team 6

Child: Yes, because when you say ‘this is wrong and that is wrong’, then you also have to
come up with a solution. Because if you don’t come up with a solution, then you can’t say
that something is wrong.

Facilitator: Are you allowed to say what’s wrong with an idea if you don’t have a solution,
oris that not allowed?

Child: Yes, it’s allowed. But it’s better if you also add how it could be improved.

A final similarity to Case 2 is that teams 6, 7 and 8 of Case 3 also mentioned that feedback
needed to be written clearly on the feedback form. Furthermore, the teams of Case 3 said to
have paid attention to three additional evaluation criteria: feedback should focus on the design
(team 5, 6, and 8), be honest and objective (team 5, 7, and 8), and have a balance between
positive and critical feedback (team 6 and 8).

Case 3, post-interview, team 6 (Focus on the design)
Child: (...} Then we thought, it’s [the feedback] is not focussed on the idea. It’s about the
presentation. So, then we did not select that one [the feedback form].
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Case 3, post-interview, team 5 (Honest and objective)

Child: That you give your honest opinion. And not that, say, if my best friend would think
‘well, that’s a very bad idea, but | will still give it a good grade because she is my best
friend’.

Case 3, post-interview, team 8 (Balance positive and negative)

Facilitator: Okay, and what components does good feedback consist of, according to
you?

Child: By saying what you think is good and what could be improved. Don’t just say ‘this
iswrong, that is wrong’, but also say ‘this is good, that is good’.

These criteria were not mentioned in Case 2. There were also other differences in Case 2
regarding the evaluation criteria. For example, the level of ‘completeness’ of the feedback forms
was not mentioned as an evaluation criterion during the post-interviews of Case 3.

Conclusions

To conclude, these results show that the teams developed an understanding of feedback
quality through the peer feedback process, leading to a list of evaluation criteria. A prominent
evaluation criterium mentioned by the teams of both cases was that feedback should uncover
relevant and well-explained shortcomings in their design, while also providing a ‘way forward’
through well-constructed how-questions and proposals. Furthermore, the modifications to the
feedback procedure in Case 3 have improved the feedback quality, thereby possibly improving
the design teams' sense-making and evaluation processes.

5.4.3 Take action

This section discusses the design teams’ ability to take action after discussing and evaluating
the feedback forms during the 5" design session. As described, the teams were encouraged to
utilise the selected feedback to improve their design, just like a real designer would. As this
focus on improvement should spark creative thinking processes, we specifically looked at
identifying the divergent or convergent thought processes of the teams. In other words,
instances of ideation, reflection or evaluation in their dialogues.

Case2

In Case 2, the process of selecting the feedback forms instantly initiated a chain of reflection,
evaluation and ideation with two of the four teams, namely teams 3 and 4. After reflecting and
evaluating the feedback forms, thereby uncovering the shortcomings in their design, both
teams engaged in a sustained ideation process. These generative thoughts were primarily
initiated by the divergent feedback on the feedback forms, meaning the how-questions and
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especially the proposals. Presented below is an example of such a sustained ideation process in
which team 3 generates alterations to the point system of a calculus game they designed.

Case 2, 5" design session, team 3

Child1: And the crossbar is, for example, a hundred points, yes and then, you have the
posts on the sides. .. Yeah, I don't know.

Child 2: Posts, the posts, five points.

Child 1: Yes, those are fifty points. It depends on what the answer to the calculation is.
Child 2: The top corners could be maybe twenty-five. And then something else points five.
Child 1: Five, that’s possible.

Child 2: Then the players have to throw quite far.

Child 3: Depends on how farthe distance is, they can also stand closer.

During the post-interviews, teams 3 and 4 acknowledged that the feedback forms sparked
ideation. The teams did not directly state that the forms also sparked reflective and evaluative
thinking. However, both teams remarked that they adjusted their design, which inherently
entails the utilisation of these thinking processes. This insight is illustrated by the example
below, where a team member states that the alterations to their design would not have been
made without the feedback forms.

Case 2, post-interview, team 3

Facilitator: (...) did that feedback form spark new ideas for you?

Child: Yes, I think it did. Because now we have additional points on the sides and top of
the goal and the pawns. Otherwise, | don’t think we would have had those ideas.

Furthermore, team 4 strongly focused on utilising feedback that uncovered an unsolved
shortcoming in their design which they then wanted to solve. The example below showcases
this focus. The way this team utilised the feedback is consistent with their views on feedback
quality and their reasons for selecting certain feedback forms.

Case 2, team 4, post-interview

Facilitator: How did you actually select? How did you handle the feedback forms?

Child: (...) Well, it [a feedback form] said you should be able to see who the ticker is. We
have done that, There was another one [a feedback form] that said that someone should
win, so we also did that.

The other teams, 1 and 2, did not directly engage in such a chain of creative thinking processes
after selecting the feedback forms. Instead, both teams ignored the forms directly after the
selection process and immediately started discussing or reviewing the available materials for
making the prototypes. With team 1, this lack of creative thinking appears to be predominantly
caused by their poor communication and collaboration. After selecting the feedback forms, the
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team members direct their attention to the prototyping materials, which they review
individually. For team 2, the lack of generative, reflective and evaluative thinking appears to be
caused by the persisting resistance towards the feedback they received. As described in the
previous sections, the team displayed a lack of openness when discussing and selecting the
feedback forms.

In contrast, teams 1 and 2 disclosed during the post-interviews that the selected
feedback forms led to some moments of ideation. Furthermore, both teams remarked that they
adjusted or improved their design based on the feedback they selected, which indicates the
presence of reflective and evaluative thinking. These responses are presented in the examples
below.

Case 2, post-interview, team 1

Facilitator: What was the effect when you received those feedback forms?

Child 1. If you know what they think could be improved, then you have new ideas to
continue again.

Child 2: Yes. For example, we did instead of an assignment. ..

Child 3: [interrupting] ...walking ten times.

Child 2: Yes, to make it more active. Because that was also the feedback of the client.

Case 2, post-interview, team 2

Facilitator: And did you use that solution right away? Or have you adjusted it?

Child 1: Yes.

Child 2: They said that a player should call out the sums, and then we thought "You can
also make a container with the sums instead”. That way all players can participate in the
game.

In the end, the final designs showed that all four design teams addressed the two selected
feedback forms in full, which became visible through the adjustments in their design. Some of
the adjustments appeared to be copied from the proposals of the feedback forms, which is not
desirable when aiming to encourage pupils’ creative thinking. This finding led to a modification
in Case 3, which involved hiding the proposals in an envelope attached to the feedback forms.
Hiding the proposals would force the teams in Case 3 to first generate their own solutions,
before being confronted with the ideas of the feedback givers. Furthermore, to help encourage
the teams to engage in creative thinking right after selecting the feedback forms, modifications
were made to the verbal prompts given by the facilitators during the 5" design session in Case 3.
The details of these modifications can be found in Table 9.
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Case3

In Case 3, the process of selecting the feedback forms initiated a chain of reflection, evaluation
and ideation with three of the four teams: teams 5, 6 and 8. At first, team 5 displayed some short
instances of resistance, yet this was quickly followed by instances of creative thinking. The
example below illustrates their shift.

Case 3, 5" design session, team 5

Child 1: Okay, so how to make the cable car safer... (shows big contemplating eyes)

Child 2: We were already planning that.

Child 1: So, I'm thinking ... But then we have to completely ... Maybe we can make a
dome...

Although team 8 instantly displayed instances of creative thinking, they did appear to focus
strongly on ‘solving’ all the feedback they received, which is illustrated by the following example.
This behaviour showcases some similarities to team 4 of Case 2, who also focussed on solving
uncovered shortcomings. This strong focus on ‘solving” or fixing” could possibly compromise
the quality of the solutions generated.

Case 3,S5, Team 8

Child: And we've actually already solved 3 [feedback forms]. We have already solved the
feedback of the Kinderraad [child representatives of the hospital]. Because that
[feedback] was about having more fresh air, but most skating rinks usually already have
fresh air.

All three teams affirmed their engagement in reflective, evaluative and generative thinking
during the post-interviews. Similar to teams 3 and 4 of Case 2, they do not specifically state that
they engaged in reflective and evaluative thinking. However, the teams remarked that they
adjusted and improved their design, which inherently entails the utilisation of these thinking
processes.

Case 3, post-interview, team 8

[when asked if they used the feedback they received]

Child 1: We had already taken 15 minutes to cut mini holes in our prototype, but we did
not think: “We have put so much work into it now, we just keep it like it is”. No, we really
thought: “Hey, that must indeed hurt. We take it out [of the prototype]”.

Child 2: The same also applies to the feedback of the Kinderraad [child representatives
of the hospital]. They said: “How can you ensure that the children get more fresh air?”,
Then you can just take away the roof [of the ice-skating ring]. So, in the end we did that.

Team 7 did not instantly engage in creative thinking processes after selecting the feedback
forms, as they were often distracted. During their post-interview, team 7 also does not mention
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engaging in any creative thinking processes. This could indicate a lack of awareness of the team
regarding the types of behaviours expected from them. Eventually, they did showcase reflective,
evaluative and generative thinking during the 5" design session when urged by the verbal
prompts of the facilitators. For team 7, these prompts proved to be essential in sparking any
creative thinking processes, as they experienced continuous moments of distraction. The effect
of the verbal prompts is illustrated in the example below.

Case 3, S5, team 7, 5" design session

[the team is distracted and talks about gifts in relation to a Dutch holiday]

Facilitator (centrally addressing the whole class): So, start discussing [which feedback
forms to select].

Child 1:In the evening when | have to go to bed | always go to my gifts.

Child 2: Guys, we're not going to make new ones. [meaning new prototypes]

Child 1: (Not listening to Child 2, continues talking about gifts)

Child 2: (Taps child 1, slightly aggressive, to get attention) It [feedback form] says if the [V
stays on, it gets stuck behind to slide and can tear out. What if we put someone there
who walks along with the IV when you slide down?

Child 1: Yes, or we change the IV pole.

Child 3: No! A shelf (mimics with his hands)! A shelf like this and there you have to ...

These prompts also initiated an instance of ideation with team 8 when they went slightly off-
topic. However, these verbal prompts had a different effect on the other two teams, 5 and 6. For
these two teams, instances of reflective, evaluative and generative thinking naturally followed
after selecting the feedback forms. Therefore, the verbal prompts were often irrelevant or timed
too late, which at times led to a counteractive effect where it disturbed their natural workflow.

Another modification to the procedure in Case 3 was hiding the proposals on the
feedback forms, which could only be reviewed after another verbal prompt from the facilitators.
Although reading the proposals sparked a few generative processes with two teams in Case 2,
this modification was implemented in Case 3 to avoid copying and stimulate the teams’
autonomous ideation. In contrast to Case 2, three of the four teams in Case 3 reacted with
resistance to the proposals when prompted to review them. The teams for example stated that
they had already devised better solutions. This was affirmed during the post-interviews, where
team 6 explicitly stated they did not copy the proposals on the feedback forms:

Case 3, post-interview, team 6

Child: Differently than how they stated it, but we did use it [the feedback]. To make it [the
design] safer, they suggested putting belts and magnets. And then we thought, we can
change this and then use cable tie around it and above it.
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One team, team 7, did instantly display openness when discussing the proposals, which
induced a short instance of ideation. For this team, being prompted to read the proposals
redirected their attention to the task at hand. See the following example, which illustrates this
openness.

Case 3, S5, team 7

Facilitator: Boys and girls, you can use the proposed ideas [on the feedback forms] as
inspiration. You don't necessarily have to adopt them.

Child 1: {reads proposal from feedback form) “Do not leave IV pole on the ground; think
of something else”. (stops reading) Guys! (Reads again) “Do not leave the IV pole on the
ground; think of something else” ... Someone can just walk along maybe?

Child 2: That way, the IV pole can move along.

Child 1: Yes!

When comparing these results to Case 2, it appears that proposals can primarily benefit a
team’s ideation when presented before a team has generated their own solutions. The delayed
reviewing of the proposals during Case 3 appears to stimulate the generation of autonomous
solutions. The team that did not yet start their autonomous solution generation process during
this delayed time did benefit from the extra push reading the proposals provided.

In the end, almost all design teams addressed the two selected feedback forms in full,
which was observed through the adjustments they made to their designs. Team 7 only slightly
addressed one of the selected feedback forms, even though they made several other
adjustments to their design throughout their design process. We presume that this lack of
feedback utilisation can be attributed to the team’s continuous distraction from the task at
hand. Unlike in Case 2, the teams did not copy any of the proposals. We presume that this is
due to the delayed review of the proposals.

Conclusions

The goal of the feedback procedure was to stimulate the teams’ generative and evaluative
thinking by guiding them in selecting and discussing the feedback forms. These actions and
accompanied thinking processes where then meant to drive them to take action. In the end, all
of the teams in Cases 2 and 3 made adjustments and improvements to their design to address
the feedback on their selected feedback forms. These changes indicate that the teams in both
cases ultimately all engaged in creative thinking processes and were able to take action. The
results show several improvements from Case 2 to Case 3. The teams in Case 3 were more
engaged in creative thinking and showed more openness towards the selected feedback forms.
This openness might be due to the improved procedures, but could also be caused by other
factors. Furthermore, the teams in Case 3 generated their own solution directions and refrained
from directly copying the proposals on the feedback forms.
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5.4.4 Appreciating feedback

In this section, we discuss the results that give insight into the appreciation and understanding
the design teams showcase towards the feedback they received. We also discussed if they
understood the active role they needed to take to utilise the feedback to their advantage. In
other words, did the teams internalise that the feedback was meant to help them improve their
design and did they take an active role in the feedback process?

Case2

In Case 2, the results indicate that most of the design teams appear to understand the value of
design feedback and took an active role in the feedback process. Three teams, 2, 3, and 4, did
showcase evidence of understanding the value of feedback and taking an active role in the
feedback process. However, they expressed this in different ways.

Team 3 displayed an overall positive attitude towards the feedback forms they
received and took a proactive role when discussing and utilising them. These feedback forms
were predominantly of good quality, and the team mentioned on several occasions that the
feedback could be used to improve the design; see the example below. These statements
indicate that the team understands the value of the feedback. Furthermore, their final design
showcases the active utilisation of the selected feedback forms.

Case 2, team 3, post-interview
Child: Well, I thought it was more fun to present the idea, because then you could still get
tips on how to make it [the design] even better.

Team 2 and 4 also took an active role in their feedback process, even though team 4 had two
members who experienced several moments of distraction. However, instead of an overall
positive attitude, they displayed several instances of dissatisfaction with the feedback they
received. We presume that this dissatisfaction is linked to the poor quality of the feedback
forms they have received. In general, both teams were able to construct good quality feedback
forms in their role as peers, which indicates that they would be able to identify good quality
feedback. Therefore, we presume that the teams’ dissatisfaction to the received feedback
indicates that they were disappointed by the lack of quality and usefulness. Their negative
responses when receiving poor quality feedback appears to demonstrate an understanding of
its value when it would be of good quality. Furthermore, teams 2 and 4 indicate that they
perceive feedback as something that can help solve shortcomings; see the example below.
When combined, their behaviour and responses indicate a level of understanding of the value
of feedback for a design process.
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Case 2, team 2

Child: Yes, and then you could come up with a solution [on the feedback form], and they
[the team receiving the feedback form] could do something with it. And it is also nice to
think along with the idea of someone else.

Facilitator: Yes. And what exactly do you like about that? To think along with the ideas of
someone else?

Child: Well, then you are not only working on your own ideas. Then you think, Yeah, that
is also a good idea, and maybe you could do this [an aspect of the idea] even better’,

As previously discussed, there was one team, team 1, which experienced a lack of
communication and collaboration, which illustrates a non-active role. Additionally, the
responses in their post-interview do not showCase an understanding of the value of feedback,
as they only state that they understand the content.

Case 3

Similar to Case 2, the results indicate that most design teams appeared to understand the value
of design feedback and took an active role in the feedback process. Again, one of the teams,
team 7, did not directly showcase this clear understanding or an active role. Instead, they
displayed a somewhat non-active role due to continuous instances of distraction during the
feedback process. During their post-interview, the team does link the quality of feedback to the
ability to improve a design. However, it is unclear if they consciously utilised feedback in that
way and therefore really internalised the value of feedback.

The other three teams, 5, 6, and 8, showcase evidence of understanding the value of
feedback and taking an active role in the feedback process. Teams 6 and 8 displayed a generally
positive attitude when discussing the feedback forms during the 5™ design session and took an
active role when discussing and utilising the feedback forms. Furthermore, the teams state that
feedback can help improve a design and solve shortcomings; see the example below. When
combined, their behaviour and responses indicate a level of understanding of the value of
feedback for a design process.

Case 3, team 6

Child: Well, good feedback means you can make it [the design] better. So, for example,
the feedback from the Kinderraad [child representatives of the hospital] was that we
should make it safer. So, then we really made it safer. And it worked out much better that
way, because if you get good feedback you can make better things.

Team 5 also took an active role in their feedback process, yet displayed several moments of
dissatisfaction with the feedback. We again presume this dissatisfaction was caused by the
poor quality of the feedback forms, which led to disappointment and a lack of usefulness. Also,
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this team provided excellent quality feedback for others in their role as peers, which illustrates
their understanding of quality and thereby the value of feedback for a design process.
Furthermore, team 5 directly links feedback to the ability to improve a design during their post-
interview and stated that they actively worked towards this during their design process.

Conclusions

To conclude, most of the teams in Cases 2 and 3 developed an understanding of the value of
feedback. Additionally, almost all teams took an active role in the feedback process to utilise
the selected feedback forms to adjust or improve their design.

5.5 DISCUSSION

The results demonstrate how the peer feedback intervention supported and encouraged the
actions underlying the processes of design feedback uptake. The different types of guidance
underlaying the intervention supported pupils in giving, receiving, discussing, selecting and
utilising design feedback. On multiple occasions, the pupils showed that they were able to:
maintain an emotional balance and showcase openness, evaluate feedback through the use of
(self) constructed criteria, develop a feeling of quality, take action in (re)starting their creative
thinking process, appreciate feedback by understanding the improvement effect it can bring,
and take an active role in the feedback process. In the upcoming sections, we will discuss how
the results link back to the design of the peer feedback intervention and relevant literature.
Successes will be highlighted, and remaining concerns will be addressed.

5.5.1 Emotional balance

The results indicate that guidance of design feedback processes positively influences young
novice designers’ emotional balance. In guided sessions, defensiveness and resistance to
feedback was less prevalent than detected in our earlier research on unguided settings with
primary school children (Schut, Klapwijk, Gielen, & de Vries, 2019; Schut, Klapwijk, Gielen, van
Doorn, et al., 2019). Several factors within the three guiding key principles of the peer feedback
intervention have contributed to this. Here, we will discuss two of the most prominent factors
related to the implementation of peer feedback (key principle 2).

Implementation of high-quality peer feedback

To start, the quality of the feedback on the feedback forms has influenced the pupils’ emotional
balance. In the verbal responses showcasing resistance, some of the design teams refer to the
quality of the content of the feedback in relation to their designs, especially in Case 2. These
teams for example state how, according to them, the feedback is ‘not relevant to their design’ or
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‘something they already addressed’. As stated before, the teams reacted with more openness in
Case 3, which may indicate that they experienced the quality of the feedback as sufficient and
relevant. These findings can be linked to the results of the quality analysis of the feedback forms
showing a lower level of adherence to the format in Case 2. This lack of quality led to
improvements in the feedback procedure of Case 3 and a corresponding increase in the
feedback quality. These improvements, an elaborated meta-dialogue with analysing exemplars
and a quality check on the shared feedback (see Table 9), were based on recommendations by
Carless & Boud (2018) and shown to positively affect feedback quality in the current study. From
this, we conclude that this type of guidance can indeed have a positive effect on the process of
design feedback uptake. Actively guiding for high feedback quality can improve pupils’
emotional balance.

Next, the person giving the feedback seems to affect the pupils' emotional balance as
well. Overall, the design teams reacted with openness to the clients' feedback, as opposed to
their peers' feedback. The previous analysis of the current peer feedback intervention in
Chapter 4, which focused on the constructed verbal feedback and the concurrent direct
responses, also showcased how the design teams displayed more openness towards the verbal
feedback of the clients than their peers (Schut et al., 2020). Interestingly, an instant switch in
openness could be detected in the current study when client feedback was discussed, even
when the pupils just displayed their dissatisfaction with a preceding feedback form. This ability
to quickly switch toward an open mindset can be considered beneficial for feedback uptake.
Sudden change in openness could be due to the quality of the client feedback forms, which
were generally better than that of the peers. The status of the clients, who were introduced as
experts by profession or experience, could have been of influence. Literature suggests pupils
can perceive their peers, rightly or wrongly, as incompetent or lacking the expertise to give
valuable feedback (Panadero, 2016). This could explain why the design teams were more open
to the feedback of the clients.

As is made clear in the previous examples, not all design teams were able to maintain
an emotional balance when receiving a variety of feedback forms. However, the goal of the
feedback intervention was never to eliminate all resistance completely, but to encourage
openness to the possibility of being misdirected in the design process. Some resistance might
even be positive since it indicates signs of persistence, a quality that is needed when engaging
in creative processes (Crilly, 2015; Csikszentmihalyi, 1999). However, justified or not, initial
negative responses and resistance to feedback can set an unfavourable tone for future
feedback encounters and comprise one’s evaluative judgement (Robinson et al., 2013; To, 2016).
Therefore, a key learning for young novice designers is comprehending how to manage this
delicate balance between persistence and openness, which is not an easy task.
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5.5.2 Evaluative judgement

The results demonstrate how the young novice designers were able to identify, develop and
utilise relevant criteria to evaluate the feedback they received in relation to their design.
Furthermore, they gained an understanding of what compromises quality in a design in the
context of the design assignment they were working on. These capabilities are considered
essential regarding evaluative judgment (Tai et al, 2017; Tai et al, 2016). The studies in
Chapters 2 and 3 on design feedback in unguided settings showcase a lack of sense making and
evaluative thinking (Schut, Klapwijk, Gielen, & de Vries, 2019; Schut, Klapwijk, Gielen, van Doorn,
et al,, 2019). Therefore, the results in the current study indicate that the guidance from the peer
feedback intervention in the current study had a positive influence on the pupils” evaluative
judgement. Several factors within the three guiding key principles of the intervention have
contributed to this. Here, we will discuss the principles that could be attributed to the design of
the learning environment (key principle 1) and the implementation of peer feedback (key
principle 2).

Design of the learning environment

There are many indications that the designed learning environment was a critical driving force
behind these generally successful evaluation processes. The project was centred around a real-
life design challenge with clients, which means that the design teams would need to earnestly
consider the clients” expectations when discussing and selecting the feedback forms. Especially
since the clients would participate in the final presentation and expected to see improvement
in the designs based on their intermediate feedback. The involvement of the client likely
created a sense of urgency with the design teams when evaluating the feedback. Additionally,
the intervention provided the pupils with clear guidance in discussing and selecting the
feedback forms. Still, autonomy was promoted within this guidance by providing the design
teams with the freedom of choice to only work with the feedback they perceived as fruitful and
rejected the feedback they deemed irrelevant. Although more research is needed, indications
are that the design of the intervention, combined with the clients' involvement, led the pupils to
make well-considered choices showcasing their evaluative abilities.

Implementation of peer feedback

The implementation of peer feedback also contributed to the pupils’ evaluative abilities,
especially regarding the use of evaluation criteria and the development of a sense of quality.
The results show how the design teams used an assortment of evaluation criteria when
evaluating the feedback forms. Several of these criteria can be linked back to the structure of
the feedback forms. For example, almost all teams explicitly note the importance of the high-
level convergent (i.e. “We think this could be better about the design... because ...") and high-
level divergent feedback (i.e. “How can you...”-question and “We think this could maybe be a
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solution...”) as evaluation criteria. Regarding the convergent feedback, the teams paid attention
to the shortcomings this feedback uncovered and the reasoning behind it. Additionally, some of
the teams expressed that they needed the feedback to be relevant, focused on their design and
bring an issue to light they did not consider or solved yet. Regarding the divergent feedback,
almost all teams stated that they paid attention to how this type of feedback would help them
to ‘move forward’ in their design process. Emphasising divergent feedback within the peer
feedback intervention has been a calculated decision, as literature shows that especially the
combination of convergent and divergent feedback is needed to propel the creative design
process forward (Cardoso et al. 2016; Eris 2004) and stimulate exploratory thinking and risk-
taking (Daly & Yilmaz, 2015; Tolbert & Daly, 2013; Yilmaz & Daly, 2016). As these underlying
intentions were not communicated to the pupils, they have discovered this themselves, which
makes the aforementioned findings rather compelling.

Apart from the convergent and divergent nature of the feedback, the design teams had
created a few additional criteria when evaluating the written feedback forms: completeness,
clarity, honesty/objectivity, and a balance between positive and negative feedback. When
combined, the different evaluation criteria create a rather extensive list, showcasing the
different foci within the pupils’ evaluation processes. On the one hand, the foci on divergent
and convergent feedback can be traced back to the use of the feedback forms, which guided
their evaluation process when receiving feedback. On the other hand, several of the criteria can
be linked to the implementation of high-quality peer feedback, through which pupils were also
put in the role of feedback giver. For example, we presume that learning how to give divergent
feedback enhanced the pupils’ understanding of how feedback is meant to help a designer
within their creative process, thereby picking up on the underlying intention of ‘moving forward’.
This is not necessarily a surprising outcome but a treasured one, as it points towards the value
that learning to construct peer feedback can have for young novice designers’ evaluative
judgement. Additionally, it creates a strong argument for actively implementing peer feedback
within the context of design education since ‘moving forward’ is considered crucial within
creative design processes.

Sense of quality

The design teams adhered to their self-developed sense of quality of the feedback. Besides
some biased evaluations, moments of misunderstanding, and occasional resistance, they
generally appeared to have had a good understanding of what compromises quality. An
illustration of this is the subsiding of resistance when receiving feedback in Case 3 when the
feedback improved in quality compared to Case 2. We presume that the teams’ engagement in
constructing peer feedback made them more capable of handling the ambiguity prevalent in
design feedback and improved their confidence in their own evaluation of quality. Furthermore,
they made active comparisons to the current state of their design to see where improvement
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possibilities might lie. These comparisons showcase that the pupils had ideas on what good
feedback should be and, ergo, what is a good design.

5.5.3 Take action

The results showcase how discussing and selecting the received feedback initiated an
observable chain of reflection, evaluation and ideation with most teams. Furthermore, most
design teams state that they engaged in creative thinking processes to adjust and improve their
design, and all final designs display these adjustments and improvements based on the
selected feedback. These results indicates that all design teams engaged in creative thinking,
meaning the alternation of divergent and convergent thinking (Howardet al., 2008; Smith, 1995;
Sowden et al., 2015), which are the key processes within the process of design feedback uptake.
These results support the argument for guiding design feedback processes. Especially when
compared to previous studies presented in Chapters 2 and 3 in unguided settings, where the
design feedback did not appear to directly spark many creative thought processes (Schut,
Klapwijk, Gielen, & de Vries, 2019; Schut, Klapwijk, Gielen, van Doorn, et al., 2019).

Again, several factors within the three guiding key principles of the feedback
intervention have contributed to forming these creative thinking processes. Here, we will
discuss those that could be attributed to the design of the learning environment (key principle 1)
and the explicit guidance (key principle 3).

Design of the learning environment

It appears that the feedback initiated critical reflection and evaluation (CT) to help uncover
shortcomings while also providing a way forward and sparking the ideation of new solutions
(DT) to these uncovered issues, thereby informing the teams’ concurrent design decisions. This
chain of action is precisely what design feedback should ideally do (Cardoso et al., 2014; Oh et
al., 2013; Yilmaz & Daly, 2016). However, as described before, it is generally believed that
feedback is not likely to initiate further action by itself (Carless & Boud, 2018; Hattie & Timperley,
2007). The design of the learning environment contributed greatly to the design teams’ ability to
take action. Firstly, the design of the feedback procedure, with an intermediate feedback
moment (4" design session) and final feedback/presentation moment (6" design session),
directly created the room and time for feedback utilisation and indirectly implied the need to
do so (O’Donovan et al., 2016). Secondly, similar to the reasoning given regarding the capacity
of evaluative judgement, the presence and expectations of the clients during this final
presentation moment created a sense of urgency for the design teams to utilise the feedback
they selected. Explicitly providing space within the learning environment to directly work with
and apply the received feedback is considered critical regarding feedback uptake (REF).
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Use of explicit guidance

The use of explicit guidance appears to have contributed to the design teams’ ability to take
action. From Case 2 to Case 3, extra verbal prompts were added to the procedure to explicitly
separate and initiate the moments of receiving, selecting and utilising the feedback. These extra
prompts were implemented to help spark moments of creative thinking with teams unable to
operate autonomously. In Case 3, these additional prompts positively influenced the design
teams who experienced singular or repeated moments of distraction. The prompts by the
facilitators brought their attention back to the task at hand and, consequently, helped to
initiate moments of reflection, evaluation and ideation. However, the research results also
indicate that these prompts were not necessarily helpful for those teams who were naturally
engaged in creative thinking processes. For them, the verbal prompts were often irrelevant or
timed too late, which at times led to a counteractive effect disturbing the pupils’ natural workflow.
Nonetheless, the case study shows that the use of verbal prompts can be helpful to those who
are not able to work as independently and need more guidance on the steps they should take
when processing feedback. We suppose that a less rigid format might be more beneficial in a
classroom situation, where facilitators and educators need become aware when novice
designers are in need of such prompts.

Another modification from Case 2 to Case 3 is related to the guidance of a specific part
of the received feedback, namely the proposals of the clients and peers (possible solutions to
the uncovered shortcomings by the feedback). In Case 2, several teams copied the proposals
that were presented to them on the feedback forms, which is counteractive to an ideally
autonomous process of creative thinking. It can even increase the occurrence of design fixation,
which is already a known issue in this age group (Luo, 2015; Nicholl & McLellan, 2007a; Schut,
Klapwijk, Gielen, van Doorn, et al., 2019). Therefore, in Case 3, the proposals of the clients and
peers were hidden in a separate closed envelope attached to the feedback forms and a specific
verbal prompt was added to delay the viewing of these proposals. As a result, none of the teams
directly copied any proposals to their design and generated their own solution directions. The
modification in guidance thus contributed to the teams’ autonomous creative thinking
processes and their ability to take action. An unexpected side effect was that the proposals
were met with resistance by most of the teams. Although these resistance responses indicate a
lack of emotional balance, it showcases the teams’ confidence in their ability to generate their
own solution directions. One could argue that it would be better to eliminate these proposals
altogether, yet several teams mention them as an evaluation criterion during their post-
interviews. This preference appears to indicate that the teams do value proposals as a form of
feedback, even if they are not immediately met with openness.

5.5.4 Appreciating feedback

The results showcase how participating in the peer feedback intervention aided the pupils in
recognising the value of the feedback they received and stimulated them to take an active role
in the feedback process. Most of the design teams highlighted the improvement-effect feedback
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can bring to their design and the support it can give in uncovering undetected shortcomings.
Additionally, almost all teams took an active role in the feedback process to utilise the selected
feedback forms to adjust or improve their design. We determined previously that the element of
‘appreciating feedback’ has a more overarching position within the process of feedback uptake.
Therefore, we will relate this element to the influence of the intervention as a whole, as it is the
combination of the three key guiding principles that are responsible for the current results.

Recognising the value of feedback

The previous sections discuss how the feedback procedure guided the design teams in
receiving, discussing, evaluating and utilising design feedback, which gives insight into the
actions they take during the feedback process. Besides these actions, we consider how pupils
talk about the feedback processes in hindsight is telling. The results showcase how the
underlying intention and goal of the feedback procedure were internalised. Meaning that the
pupils understood that the feedback was there to support them in their creative design process
and initiate improvement of their design. Even of those teams who did not always respond with
openness to feedback they received, most were still able to verbalise the value design feedback
can have with regards to improving their design. It indicates that the pupils lean towards a
growth mindset and are able to take feedback as something they can learn and develop from
(Dweck, 2016). Furthermore, it reaffirms our assumption that the element of ‘appreciating
feedback’” indeed leans towards being an overarching quality of someone engaging in these
types of feedback processes.

These results tie in well with previous studies in higher education where design
students have also shown to understand the value design feedback can bring to their design
process and design skills (Dannels et al.,, 2011; Oh et al., 2013). Nonetheless, we want to
highlight our surprise, as we did not expect the young pupils to showcase this level of
understanding after participating in only one design project. It showcases the value of doing
real-life design projects within a primary school context.

Taking an active role

The results indicate that the feedback procedure was able to stimulate the pupils to participate
actively in the feedback processes. Compared to results by other design researchers, this active
participation would not have been as widespread without the guidance of the intervention, as
several studies have highlighted the generally passive and consumerist role students take with
feedback processes (Bunce et al.,, 2017; MclLean et al., 2015a). It could be argued that it is
difficult to determine the actual level of active participation of the students, as the feedback
procedure provided a rather strict level of guidance. Nonetheless, there were still times in which
certain design teams experienced moments of distraction and non-active participation. The
occurrence of these moments emphasises the level of autonomy the pupils possessed within
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the feedback procedure, as they were able to find a way to ‘opt-out’ of the planned activity.
Therefore, being guided by the feedback procedure still requires active involvement of the
pupils. It could be said that by merely following the guided feedback procedure, the first step in
active participation is reached.

Then the next step within this active participation can be found with those teams
which initiated next steps within the feedback procedure before receiving specific guiding
prompts from the facilitators. Examples of this are teams who, without support, started to
select the most valuable feedback or generate solutions for the uncovered shortcomings in
their design. These actions indicate that in these specific moments, certain teams actually
transitioned towards taking an active role in their feedback process. Although these results
indicate a positive first step, caution is necessary. Even if these transition moments were done
intently, it is not directly clear how aware the pupils were about the need to take an active role
in their feedback process. (Gravett, 2020) argues that, even in higher education, this active role
might entail more agency than students indeed possess and notes that the responsibility is to
be shared with the educators, which is also underlined by Carless’ (2020) research. This means
that, for enabling students to take this active role, the design of the learning environment and
the manner in which the specific guidance is structured by the educators are crucial.

5.6 CONCLUDING REMARKS

This chapter describes the results of an explorative case study at two primary schools in the
Netherlands. Even though this was a small qualitative study, it is one of the first to tackle the
complex processes of design feedback uptake in a primary school context. The results make a
solid start with mapping out the intricate processes and dynamics of design feedback uptake in
a detailed manner. We believe it provides a stepping stone for future research in this specific
context and outside of it, as we presume that many insights can be translated to different
educational levels and domains.

To conclude, the guidance of the designed peer feedback intervention largely had a
positive influence on the actions and elements underlying the processes of design feedback
uptake, e.g. emotional balance, evaluative judgement, take action, and appreciating feedback.
Our study shows that guidance of design feedback can support pupils in showcasing openness,
developing a feeling for quality, (re)starting their creative thinking processes, understanding the
improvement-effect feedback can bring, and taking an active role in the feedback process. For
the long-term, actively and successfully working on these actions and elements within the
process of design feedback uptake can lead to the development into capacities and
dispositions. Through repetition, these actions become a general ability and quality within the
pupils, which ultimately leads to the development of their design feedback literacy.
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The identified and implemented key design principles within the intervention - design of a
learning environment that allows for and caters to active design feedback utilisation,
implementation of peer feedback, and providing explicit guidance while enabling autonomy -
have shown to support the pupils in achieving this. We strongly believe that its success cannot
be attributed to a single principle, but is dependent on the conjunction of all three (and
perhaps more). Although refinements to the implementation of these design principles can be
made, we conclude that they provide a solid first step in guiding toward valuable and
constructive design feedback processes. Future research to refine and expand on these
principles could provide valuable additions to the development of feedback literate learners in
design education. This study demonstrates that initial successes in design feedback uptake can
be achieved in a primary school context with the appropriate guidance. It would be interesting
to see how the pupils’ actions possibly evolve into capacities and dispositions when trained
over an extended period. Also, implementing feedback in different creative contexts could
provide exciting research opportunities.
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6.1 INTRODUCTION

In this dissertation, we aimed to understand the interplay between design feedback and pupils'
creative thinking processes to develop and test feedback interventions that stimulate these
thinking processes and help mitigate pupils' design fixation. Within primary education, there is
a growing interest in developing pupils' creative abilities, for which design-related subjects can
bring many opportunities (Klapwijk, 2017; Lewis, 2005, 2009; Rutland & Barlex, 2008). When
implemented and executed well, design feedback can be a powerful tool for stimulating pupils'
creative thinking (Cardoso et al., 2014; Daly & Yilmaz, 2015; Yilmaz & Daly, 2016). Ideally, the
questions and comments pupils receive will encourage their generative and evaluative thinking.
Theintent s that they use this feedback to improve and develop their design.

However, several studies have shown that the feedback exchanges within design
education are not always as successful in encouraging novice designers' creative thinking and
mitigating their fixation (Cardella et al., 2014; Cardoso et al., 2014; Cummings et al., 2015; Schut,
Klapwijk, Gielen, & de Vries, 2019). Furthermore, there is little research looking in-depth at these
design feedback processes to investigate where opportunities for improvement lie, especially at
a primary school level. Gaining insight into this interplay between design feedback and pupils'
creative thinking leads to understanding how to guide and support these feedback exchanges
properly. What this support could specifically be and how it could be implemented in practice
were explored in this dissertation. The following main research question guided the current
research: Which qualities of design feedback processes stimulate pupils' creative thinking and
mitigate their design fixation in the concept development stage of the design process?

The aforementioned research question was addressed through the design and
execution of four in-depth qualitative studies. Within these studies, we focused on
understanding the issue of design fixation during pupils' design processes and on developing
and testing interventions to mitigate its occurrence. To start, efforts were put into the early
identification of design fixation, instead of in hindsight, through the unguided design feedback
dialogues in the classroom (Chapter 2). Next, the interplay between the design feedback given
and responses from the pupils within these unguided dialogues was investigated to diagnose
factors hindering pupils' creative thinking (Chapter 3). Finally, from the insights of these first two
studies, an intervention was developed to investigate how certain key principles could
stimulate pupils' creative thinking and mitigate the occurrence of design fixation. Firstly, efforts
were put into understanding how this guidance shaped the interplay between the design
feedback and the direct responses of the pupils within the guided dialogues to uncover
possible successes and obstacles for stimulating pupils' creative thinking (Chapter 4). Secondly,
the aim was to gain insight into how the intervention was able to support the pupils beyond
their direct responses within these guided feedback dialogues and enable their process of
feedback uptake (Chapter 5).
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In the upcoming sections, the results and conclusions of these four studies will be
summarised. These sections will be followed by a general discussion addressing the main
research question. Then, a description of limitations and suggestions for future research is
given, after which practical implications for teachers and design education as a whole are
outlined. Reading this final chapter will give an understanding of how to position the newly
generated knowledge on the issue of pupils’ design fixation within educational design research
and provide a starting point on how to mitigate its occurrence within primary school design
practice.

6.2 FINDINGS AND CONCLUSIONS PER STUDY

6.2.1 Chapter 2

In the first study presented in Chapter 2, we aimed to uncover ways in which pupils' design
fixation could be identified during their design process instead of in hindsight. This early
identification was done through the analysis of verbal design feedback exchanges taking place
within the classroom. The following research question guided the study: What are early
indicators of design fixation within pupils' design feedback exchanges, and how can they be
identified? To explore the issue of design fixation and investigate its early indicators, a case was
carried out with a class of primary school pupils in the Netherlands. Here, the 24 pupils (ages 9 -
11) participated in a design project through a series of design sessions in which several
unguided verbal feedback exchanges took place with the client, their peers, and the facilitators.

The analysis of these feedback dialogues in this first study revealed that it is indeed
possible to signal pupils' fixation on their design ideas in the conversations held in the
classroom through the resistance they show towards the feedback given. Four categories of
response behaviours indicating this type of fixation - i.e. concept fixation - were uncovered
during our analysis: 'band-aids', 'already taken care of', 'it is not possible’, and 'question not
relevant'’. All of these resistance responses allow the designing pupils to keep the core
characteristics of their idea intact and unchanged, leaving them fixated on the current state of
their design idea. Here, we want to note that this list of resistance type responses is incomplete.
A fifth type was uncovered within the analysis of our third study, namely 'it's you', and we are
under the premise that additional types might be identified in other datasets.

The study illustrates how the occurrence of concept fixation stagnated pupils' creative
thinking by hampering the continuous alternation of divergent and convergent thinking
processes. Specifically, their lack of critical evaluation left sub-problems within their design
ideas hidden and discarded the need for new generative processes. From a pedagogical
perspective, these early indicators bring opportunities for targeted interventions to regain
pupils’ openness and support new convergent and divergent thoughts. Furthermore, studies
have shown that design feedback can counteract fixation and encourage designers to take
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divergent and convergent paths during their design process (Cardoso et al., 2014; Crilly, 2015;
Yilmaz & Daly, 2014, 2016). Although our results show that feedback on (intermediate) design
ideas does not necessarily have this desired effect, design feedback exchanges can still provide
opportunities. After all, novice designers need to develop the skills to be able to balance
between remaining open to possible flaws within the design ideas and staying persistent in
developing a promising idea despite receiving negative feedback (Crilly, 2015; Csikszentmihalyi,
1999).

6.2.2 Chapter 3

Design feedback exchanges can trigger novice designers to reflect on, evaluate and revise their
designs (Oh et al., 2013), thereby impacting the divergent or convergent paths they might take
(Cardoso et al., 2014; Yilmaz & Daly, 2014, 2016). With that in mind, the second study presented
in Chapter 3 aimed to further understand the occurrence of pupils' design fixation by
investigating the unguided design feedback exchanges in more detail. The goal was to gain
insight into the interplay between the design feedback given by the client and peers and the
direct responses of the pupils to diagnose factors hindering their creative thinking. Specific
attention was directed to the exchanges in which resistance to the feedback was present, which
was previously found to be a possible indicator for the occurrence of design fixation. The
current study was guided by the following research question: What is the convergent and
divergent nature of the design feedback given by the client and peers, and what are the pupils'
direct responses in an unguided situation?

Since this study aimed at exploring the unguided design feedback exchanges in more
detail, the data from the first case was re-used. To determine the divergent or convergent
nature of the design feedback, we build on Eris" question-driven design model (Eris, 2004).
Through its adaptation and extension, a Design Feedback Model was constructed. To determine
the different types of direct responses, we build on the previously uncovered resistance
responses by Schut et al. (2019) and two frameworks on student responses of Cardella et al.
(2014) and Cummings et al. (2015). A Direct Responses Model was constructed through the
adaptation and extension of these models.

The co-occurrence feedback and responses analysis revealed several interesting patterns
and insights useful for improving design feedback practices. In short, the study showed that,
within unguided design feedback exchanges, the divergent or convergent nature of the
feedback does not necessarily evoke the expected concurrent responses and thinking
processes. This means that divergent feedback questions do not necessarily evoke generative
thoughts, and convergent feedback questions do not necessarily evoke evaluative thoughts.
Resistance responses to the feedback were widespread. The pupils frequently rejected
feedback immediately instead of temporarily accepting it to explore its merit. These immediate
rejections led to the stagnation of divergent and convergent thinking processes within the

140



Chapter 6 | Findings and Conclusions per Study

teams, resulting in a lack of critical reflection and a loss of openness, hampering their creative
process.

A few hindering factors were identified within the feedback: a high level of convergent
feedback, which is associated with a lack of exploratory thinking and risk-taking (Tolbert & Daly,
2013; Yilmaz & Daly, 2016); and several implicit assumptions and expectations of clients and
peers that were present in the feedback, which can lead to communication issues that increase
the risk of interpretative challenges (Sadler, 2010). Results suggest first reaching for a mutual
understanding of assumptions and expectations on the design. Then, when an understanding
of subproblems is reached, regain openness and steer towards generative processes to solve
the subproblems in the design.

6.2.3 Chapter 4

Based on the results and insights of the aforementioned studies, an intervention was developed
to investigate how the guidance of design feedback exchanges could (re-)stimulate pupils'
creative thinking, thereby mitigating the occurrence of design fixation. The third study
presented in Chapter 4 aimed at understanding to what extent the guidance provided by the
intervention was able to support the creation of constructive and valuable feedback dialogues
to (at least initially) stimulate pupils' creative thinking. Within this study, three principles were
investigated that focussed on shaping the construction and delivery of divergent and
convergent feedback as a means to support the feedback givers and the receivers. By creating
valuable and constructive design feedback exchanges (better quality), the premise was that
receiving feedback would evoke less resistance (mitigate fixation) and stimulate pupils' creative
thinking. Additionally, engaging in peer feedback would lead to a better understanding of the
feedback process by the pupils and enhance their evaluative thinking.

The study was guided by the following research question: In what way does the peer
feedback intervention influence the convergent and divergent nature of the design feedback given
by the clients and peers and the concurrent direct responses of the pupils? The goal was to again
gain insight into the interplay between the design feedback given by the client and peers and
the pupils' direct responses to diagnose successes and obstacles to pupils’ creative thinking. To
answer the research question, two cases were carried out with two classes of primary school
pupils from two schools in the Netherlands. Similar to the first case, the pupils (aged 8 - 12)
participated in a design project through a series of design sessions. The intervention was
implemented to explicitly guide the pupils (and clients) in giving and receiving design feedback.
The third study used data from both cases. The analysis of the third study was similar to the
second study and focussed on the verbal feedback exchanges between the designing pupils,
their peers, and the client(s). To determine the divergent or convergent nature of the design
feedback and the different types of direct responses, the models developed in the previous
study were used: Schut et al. (2019) Design Feedback Model and Direct Responses Model. Again,
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an analysis was done on the co-occurrence of feedback and responses to reveal patterns and
insights.

The study's results demonstrated how the different types of guidance could support
the pupils, their peers, and clients in engaging in constructive and valuable feedback dialogues.
Several successes were uncovered during the analysis, showing how the intervention was able
to (1) guide towards a shared understanding of the design, (2) stimulate cognitive modelling, (3)
encourage an initial calmness towards feedback, and (4) evoke deep reasoning responses, i.e.
responses indicating divergent and convergent thinking. Resistance to the feedback was not
eliminated (although also not the goal) and mainly came after high-level convergent feedback
from the peers. The study again confirmed that the divergent or convergent nature of the
feedback does not necessarily evoke the expected concurrent responses. Based on our findings,
we proposed a set of revised principles for constructive design feedback dialogues, intending to
stimulate pupils' creative thinking: (1) continuously guide towards a shared understanding
through low-level questions, especially before posing high-level feedback, (2) emphasise
positive aspects of the design through specific and concrete compliments, (3) stimulate
reflective, evaluative and generative thoughts through alternating and iterating high-level
divergent and convergent feedback, and (4) repeatedly provide a way forward, there