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ABSTRACT

This study centers on using different types of brief information to support creative outcomes in
architectural and engineering design and its relation to design expertise. We explore the influence of
design briefs characterized by abstract representations and/or instructions to frame design problems on
the creativity of concept sketches produced by novice and advanced students. Abstract representations
of problem requirements served as stimuli to encourage associative thinking and knowledge transfer.
The Ishikawa/Fishbone Diagram was used to foster design restructuring and to modify viewpoints
about the main design drives and goals. The design outcomes generated by novice and advanced
engineering/architecture students were assessed for their creativity using a pairwise experimental
design. Results indicated that advanced students generated more novel design solutions while also
contributing the most useful solutions overall. Implications for creativity in design education and
professional practice are presented. Educational programs aimed at promoting creativity in the design
studio may find it helpful to consider that the way design briefs are constructed can either promote or
inhibit different aspects of design creativity.
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1 INTRODUCTION

Creativity is concerned with the generation of novel and useful ideas that are related to specific
products, processes, and procedures (Amabile, 1982). Creativity research is vast and includes many
different disciplines that span from social and behavioral sciences to engineering, architecture, and
design. One of the reasons measuring creativity is challenging is because design problems are ill-
structured, ambiguous, and unique; hence many solutions are possible (Rittel & Melving, 1984). It is
in the design studio where students acquire theoretical and practical knowledge and forge their skills
and abilities while developing the expertise to cope with increasingly complex tasks demanding
creativity (Casakin & Kreitler, 2008). Indeed, the way students approach design problems largely
depends on how tasks are initially represented, what information is provided, and how design briefs
are framed. However, scarce literature exists about what constitutes an efficient design brief and how
its structuring could affect the creativity of the produced outcomes (Meurzec et al., 2019). To address
this gap, we empirically manipulated the structure of design briefs to provide information based on
abstract representations and provide instructions to frame and reframe the design task using the
Ishikawa/Fishbone Diagram method (Ishikawa, 1982). Abstract representations (Linsey et al., 2010)
and restructuring (Moreno et al., 2016) tools were found to improve design ideation potentials. The
importance of this research resides in understanding how briefs can aid in enhancing the creativity of
design outcomes and how this relates to the level of expertise of design students. Understanding
participants’ baseline skills, expertise, and motivation is an essential step in designing interventions
aimed at increasing creativity (Ree et al., 1995).

2 BACKGROUND

2.1 Design ideas and creativity - Novelty and Usefulness

Creative thinking is essential to improve the skills required to deal with non-routine design problems
(Coyne, 1997). It is also the cognitive ability required to generate frequent and high-quality ideas (Hong
& Milgram, 2008). At the outset of the design activity, creative thinking can be considered the most
inventive and exploratory phase, which can be enhanced as designers develop their abilities to generate
alternative idea solutions. In design literature, creativity can be operationalized and evaluated by
employing Novelty and Usefulness metrics (Madni, 2012). Novelty is defined as the extent to which a
product or outcome is new and different in an interesting way from known and familiar designs. A novel
product is also expected to be surprising and appealing (Derbaix & Vanhamme, 2003). Besides being
novel and be recognized as valuable, creative designs must also be useful (Sarkar & Chakrabarti, 2011).
Therefore, Usefulness can be defined as the efficiency and performance of a product. Hence, useful
design outcomes must be aligned with the needs and requirements as specified by the design brief (Siang
etal., 2018).

2.2 Design expertise and creativity: novices and advanced students

The most important aim of design education is to stimulate and help develop creativity. Nurturing
creativity is an implicit goal in the design studio, which is by far the place where the central
experience of architectural and engineering design students takes place (Boucharenc, 2006). However,
a continuing challenge in the design studio environments is promoting creativity and establishing the
learning conditions necessary for attaining this aim (Budge et al., 2013). Such conditions may vary
depending on the students’ experience, skills, and knowledge, which are pre-conditions for acquiring
expertise (Dominowski, 1995). Hence, a further concern in design education is how to support the
development of design problem-solving expertise. Goncalves et al. (2014) explored what kind of
stimuli designers with different levels of expertise use as inspirational sources during the idea
generation process. They found that novices tend to rely on textual stimuli for idea generation tasks
more than design experts. Casakin (2010) found that irrespectively of whether guidance to use analogy
and visual displays was available, advanced students performed more creatively in the generation of
design ideas than novices.

Since advanced students have more developed and integrated knowledge structures than novices, they
were able to apply abstraction and establish structural mappings between the available stimuli and the
design problem. While previous works centered on how creativity in learning environments can be
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stimulated and developed (Craft, 2006), the present study explores how students with different levels
of expertise can be supported by crafting design briefs to enhance their design creativity outcomes.

2.3 The design brief and types of information

A creative process is often initiated with a stimulating design brief, which is generally available to the
designers. It consists of a document outlining the requirements and expectations that should be
considered while dealing with the assigned project (Camburn et al., 2017). A project manager often
develops briefs in consultation with the client to amalgamate targeted group needs and desired results
(Koronis et al., 2020).

In the design studio, the brief describes and communicates in a succinct format what aspects should be
achieved for a potential client. To successfully tackle a design problem, students need to be conscious
of the task’s main goals and priorities. To this aim, a design brief must provide them with guidance
and direction through the design process (Chen, 2016; Koronis et al., 2019a). However, teachers may
be generally unaware of what resources could help students gain insight into a design assignment.
Unsupportive briefs may cause communication and understanding problems and induce a negative
motivation for creativity (Casakin and Kreitler, 2010). Hence, what type of information design briefs
should contain to enhance students’ creativity in design problem-solving should be further
investigated. Addressing this gap is critical since the way the content of a brief is represented has a
significant impact on the creativity of the solutions generated in the design studio environment
(Carlgren et al., 2016; Casakin et al., 2019).

2.4 External stimuli - abstract representations

The impact of abstract representations on creativity is a topic of interest across disciplines. In
engineering design literature, findings suggest that abstract brief requirements improve idea
associations between domains (Linsey et al., 2012). In pedagogy, transferring ideas between domains
using visual stimuli can be improved by presenting problems in an abstract, idealized form (Goldstone
and Sakamoto 2003). In the design of information systems, abstraction and re-representation have
been reported to enhance Novelty while reducing the Usefulness of the ideas (Zahner et al., 2010). A
good abstract representation, according to Zahner, “will conform to problem constraints while
increasing the range of associations and domains”. Among most studies reviewed, abstract stimuli
improved Novelty by reducing detailed specifications and replacing them with more general function-
based terminologies in the domain.

2.5 Framing and reframing and impact on ideation

Over the past years, the notion of framing and reframing has gained relevance in the design
community (Dorst, 2015). In his book “Frame Innovation” Dorst says: “Frame creation is more
focused on creating new approaches to the problem situation instead of solution finding,” citing as an
example reframing an initiative to “reduce criminal activities at night” as a “night festival” that gives
local youths the opportunity to engage in a positive way. Framing/Reframing (F/R) problem
opportunities in design projects involves sensemaking from other contexts (Valkenburg 2000),
formulating new opportunities from surprising observations or interactions, shifting perspectives,
challenging assumptions, and active reflection (Schon 1983). As Seelig argues, “All questions are the
frame into which the answers fall. By changing the frame, you dramatically change the range of
possible solutions.”

In protocol studies, shifting frames was found to help develop designs (Schon, 1984) and increase the
amount of time spent on problem definition, which was “observed to produce better creative results”
(Christiaans & Venselaar, 2005). Studies of novice and advanced designers show that the latter tend to
question assumptions and be more problem-oriented, resulting in higher creative outcomes than in
novices, who were more “solution-oriented” (Christiaans & Dorst, 1992). In design and engineering
education literature, framing and reframing have been shown to boost creativity and design cognition
(Moreno et al., 2016; Linsey et al., 2008). While the abstract brief shapes the perception of a problem
situation using abstract terms, the fishbone method promotes a guided response to reframe the problem
and shifts perspectives in the problem space (Ishikawa, 1982). Having a clear framework to guide the
formulation of a frame has proven helpful in several of our creativity workshops and courses. The use
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of how-why laddering, Fishbone, and “How-might-we’s” (Parnes,1967) have shown to be effective to
this aim. We chose Fishbone as a well-established method developed for quality control to identify the
underlying root causes of problems.

3 RESEARCH QUESTIONS
Besides the studies discussed above, reframing and abstract representations in relation to students’
design expertise should be further explored. To this end, a primary aim was to compare novices with
advanced students and explore whether potential differences may occur in the learning experience, as
reflected in their design outcomes. We will attempt to explain these differences and to address how
they can impact the students’ development through the curriculum. As such, we wanted to assess
whether exposure to reframing and abstract briefs may enhance their creative performance measured
by the generation of novel and useful solutions. With this aim in mind, we devised the following
research questions:
RQL1. Are there statistical differences between the creative outcomes in the groups of novices
and advanced students for each design condition?
RQ2. Are there statistical differences among the design conditions regarding the creative
outcomes produced by each group of novice and advanced students?
RQ3. Irrespective of the level of expertise, what are the differences among the design
conditions regarding students’ creative outcomes as a whole group?

4 METHODOLOGY

4.1 Participants

The experiment was conducted with novices and advanced students in a university, with a total of 109
first-year undergraduate and final students actively involved. The age of novices ranged between 19
and 21, and that of advanced students was between 22 and 24. Each class of students was randomly
assigned to one of the experimental conditions of the Abstract, Fishbone, or Abstract + Fishbone. At
the time of the study, the novice students had not yet specified their major or track. In the following
year of their studies, they opt for either Architecture and Sustainable Design, Engineering Product
Development, Engineering Systems and Design, Information Systems Technology and Design tracks
and subsequently for their major within the track. Advanced students were on either of the track’s
specializations.

4.2 Conditions and normality tests

To investigate the influence of briefs on the design outcomes, three varying design briefs (listed in
Table 1) of various abstraction and problem restructuring levels are provided to respective groups.

Table 1. Categorization of variables per group

Brief and stimuli Variable Novice Novice Advanced Advanced
received name students (N) sketches (N) students (N) sketches (N)
Fishbone FB 18 50 18 44

Abstract AB 20 56 19 53

Abstract & Fishbone | AF 15 42 19 46

The FB group received a succinct problem description and was given additional time using a diagram
to systematically think about the problem’s root cause and guide their thought processes. Student
designers were first instructed to write observed problems from the initial design brief. After that, they
choose from a list of categories to guide the asking of “whys”. Students develop their problem frame
quite extensively as they engage in problem discovery via a cause-and-effect questioning approach to
determine root causes. They were then told to develop How-might-we’s (HMW?’s) from the Fishbone
diagram. The AB group was given a generic brief with abstraction propositions. Hence, groups with
abstract representations as stimuli received brief’s requirements in a language of simple, generic
scientific/physics principles that students can relate to, intending to improve association and transfer
(see Table 2). In comparison to the Brief FB, the terms used in Brief AB are hypernyms, meaning they
had higher-order words or a semantic relation. The terms in Brief FB are more tangible and relatable,
while those in Brief AB are more conceptual and imaginative. Students in the Brief AF received
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abstract propositions of Brief AB and next used Fishbone diagrams to identify the underlying/root
causes of problems based on observations. As such, this is considered a combined effect brief.
Participants were given handouts on the problem framing tool and worked in pairs on the tool before
generating one “HMW” opportunity statement each.

Table 2. Design Briefs comparison of design needs/requirements

*Fishbone Brief (FB) Abstract Brief (AB)
Design a device to Design a way of
Help the user move independently across Transferring energy from a system or device to people with
difficult, uneven, narrow, or inclined little or no energy
terrain Transferring signals from person to system or device

Support movement of user onto and off the

device (support daily living) Effecting a controlled displacement of an object in any axis

Be affordable Acquiring within a person’s resource capability
Be easy to maintain and repair Restoring something to its original state
Be easy to store or move when not in Transforming an entity to fit storage dimension
use
Step 1: Identify observed problems *Abstract & Fishbone Brief (AF)
Action: Use diagrams and question “why” The problem statement described in the same way as Brief
Step 2. Reframing the initial problem AB above

Action. Record reflections, and insights . . L. . . .
g This a combined effect brief including abstraction and guided

Step 3. Reframe the opportunity statement reframing with Fishbone
based on the root causes and new insights

Action. Ideate using the new problem
statement before sketching/editing

*Students are taught a framework to respond to the brief in addition to the given problem descriptions.

Next, the 3 steps of Brief FB were followed

4.3 Measures of creativity

To rate the participants’ concept drawings’ creativity, each drawing was judged for Novelty and
Usefulness. The judging was conducted with reference to the consensual technique of creativity
assessment (CAT) by Amabile (1996). This technique is based on the ratings of a group of “expert
judges”, validated as a reliable and consistent evaluation practice among expert judges (Amabile, 1996;
Baer, 2008).

Novelty, assesses the originality of the sketches by means of how the idea is different from usual
forms of mobility. Novelty was rated using a 1 to 5 Likert type item, with ‘1’ representing a duplicate
idea of an existing product and ‘5’ representing an extremely novel idea (in Table 3).

On the other hand, Usefulness encapsulated multiple facets to include a broader definition by a series
of factors of Usefulness (Dean 2006). As such, Usefulness is the mean value of Implementability, and
Effectiveness based on equal weighting. An effective design is a solution that improves user’s
mobility and allows for independent movement across difficult terrains. An implementable design is a
solution that can be industrialized with today’s technology.

In our study, the student’s creative outcomes were assessed by professional and academic expert
judges. Three independent judges evaluated concept drawings produced by the students, using a
rubric-based system. The total score for each outcome was obtained by the average of the three scores
transformed into mean scores representing each metric. The judges used their domain-based expertise
to judge the Novelty and Usefulness of the concept drawings without consulting each other during the
judging process, in line with existing practices (Baer, 2008). All judges, who were blind to the
hypotheses and experimental conditions of the study, had at least ten years of experience in their
respective fields. They all went through a training set of numerous drawings for familiarization with
the evaluation rubric and process before evaluating the concept sketches. We assumed that after this
process, judges shared similar understandings of all creativity metrics to a reasonable degree. The use
of the CAT was helpful to provide a framework for expert judges to assess the sketches while
maintaining a rigorous definition of creativity scores, namely Novelty and Usefulness.
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Table 3. Assessment rubric

Novelty Level /Example (1) Level /Example (5)
It is entirely similar It is completely different
i.e., copy of existing product i.e., idea is a real surprise
Usefulness  Level /Example (1) Level /Example (5)
Effectiveness Ineffective Effective
i.e., there was no improvement in mobility i.e., mobility is greatly improved
Implementabi Nonimplementable Practically implementable
i.e., industrializing this product is impossible\ i.e., it can be industrialized with existing
knowledge

4.4 Procedure

We collected data from novice students (n=148 sketches) and advanced students (n=143 sketches) in
the same academic year who received identical design tasks and were provided with consistent
documentation. Each class consisted of around 20 students that contributed up to three sketch ideas.
Students dealt with a sketching activity and a short-form survey that sought demographic particulars
and allocation for the study. Data were collected across six classrooms, where the experimental
procedures were replicated (i.e., time allocated, instructions, number of people per class, and materials
provided). The sketch exercise lasted for 15 mins whilst selected classes followed a 40-mins reframing
exercise (fishbone conditions) before the sketching exercise proper.

The design brief requested students to design “A device to improve mobility for low-income persons
with physical disabilities”. Students started by sketching (and annotating) three different concept
drawings that offered a solution to the design brief and with guidance from their respective
representations to complete the exercise. They were instructed to be as creative as possible with the
connotation that in our experiment, 2 metrics create scores for creativity (Novelty &Usefulness).
Participants were informed that the completed sketches would bear no influence on their academic
standing or performance.

Normality assumptions were tested on the sample of 291 drawings evaluations via The Shapiro-Wilk.
The normality hypotheses failed for both outcome variables (p=0.00031), while homogeneity of
variance was deemed not to be normally distributed (p=0.004). Given these violations, one-way
ANOVA was not appropriate, and thus the non-parametric equivalent to a one-way between-groups
analysis of variance (ANOVA), Kruskal-Wallis was used instead as the outcome variables were
continuous and interval.

5 RESULTS

To address RQ1, we employed pairwise comparisons between the different conditions per expertise
level to determine which group is more effective in generating novel and useful solutions. It is shown
that novelty illustrates significant differences in-between novice H (2, n = 148) = 6.94, p = .031 and
advanced students H (2, n = 143) = 11.2, p= .004 mean ranks across different briefs (descriptive data
in Appendix: Table 4). Brief AF improved novelty scores for novices; however, Briefs AB were the
ones with the highest means in this metric (Figure 1).

The pairwise comparisons indicated strong evidence of a difference between Brief AF and Brief FB
(p = .039). No differences were found between the other pairs. Advanced students’ novelty scores
were also affected by the provision of different briefs. The pairwise comparisons revealed that there
were no differences between students’ scores in Briefs AF and AB. However, both scored significantly
higher than Brief FB (AF-FB, p=.042; FB-AB, p = .004). In Usefulness metric, statistical differences
occurred only in the novices’ group where although Brief FB ranked higher H (2, n =148) =12.42, p
= .002, it had no statistical difference over the second performing brief in rank (Brief AB) in the
pairwise comparisons (p = .289). The Usefulness of the outcomes produced by the advanced students
showed no statistical significance across the different briefs.

In response to RQ2, we explored whether differences in the creative outcome can be found between
students’ scores of the two different experience levels per condition. The boxplots in Figure 2 show
that advanced students scored higher in each of the different briefs. The novice student bars, however,
are the ones with the narrowest range of scores. All differences in the Novelty scores across the levels
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of expertise were statistically significant H (1, n = 291) = 6.94, p = .0001 (For the pairwise
comparisons output see Table 5).

Novices Advanced
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Figure 1. Kruskal-Wallis Test mean ranks per condition (RQ1)

The magnitude of statistical significance in Usefulness mean scores among the three experimental
conditions indicates differences only for Brief AF. In this brief, advanced students performed
significantly better than the novices H(1, n = 88) = 6.01, p =.0014. On the other hand, although novice
students performed better than advanced students in Briefs FB and AB, this difference was not
statistically significant, as indicated by the pairwise tests (in Table 5).
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Figure 2. Kruskal-Wallis Test mean ranks across conditions for Novelty and Usefulness
(RQ2)
With respect to RQ3, findings suggest that differences occurred only for the Novelty of the creative
outcomes H(2, n=291) = 16.80, p = .000. Regarding this metric, solutions of students with Brief AF
ranked higher with no significant difference over Brief AB (boxplots in Figure 3), although pairwise
results show a statistically significant difference in mean ranks to the Brief FB (AB-FB, p=.001; AF-FB,
p = .001). Regarding Usefulness, pairwise comparisons among the three conditions did not show

significant differences. This indicates that students’ overall scores are not affected by the provision of
various stimuli.
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Figure 3. Kruskal-Wallis Test mean ranks across briefs irrespective of expertise (RQ3)

6 DISCUSSION

Our first research question RQ1 aimed to explore differences in students’ creative outcomes, based on
the design briefs they were exposed to and their expertise level. In the case of advanced students,
Briefs AB contributed to producing more novel outcomes compared to the other briefs, while a
combination of Briefs FB and AF was more helpful for the novices than for the advanced students.
Novices who have lesser experience and knowledge benefited from instructions on how to restructure
the design problem via the fishbone brief. This probably allowed them to make successful structural
mappings and associations to abstract stimuli and the design problem before producing novel
solutions. In contrast, the more experienced students did not need further assistance to employ an
abstraction strategy to support novel idea solutions.

In RQ2, we found statistically significant differences in the way conditions improve creative outcomes
at different levels of expertise. We were anticipating novices to rank higher in Novelty as an earlier
multisite analysis among undergraduate and postgraduates concluded (Koronis et al., 2019b). Also,
novices have fewer constraints and practical considerations imposed on themselves for contributing to
novel solutions (James et al., 2014). However, this aspect was not reflected in their scores, and thus
advanced students scored higher in all three briefs for Novelty. Possibly, a considerable amount of
experience in design projects and assignments would help novice designers contribute more original
and novel ideas and solutions. This result appears to reflect the fact that creativity has been valued and
promoted across our design-centric university, leading students to develop novel approaches to design
problems throughout their coursework. Novice students took the lead on Usefulness only in Brief FB;
however, their outcomes were not significantly better than their advanced counterparts. Thus, novice
students’ best approach to attaining or overcoming advanced students’ performance would be adhering
to a guided reframing approach where their experience in producing useful solutions will likely
outbalance their limitations in developing novel outcomes.

In response to RQ3, we investigated differences among the design conditions regarding participants’
designs creativity, disregarding their expertise level. It was observed that the combined effect of
abstraction and guided reframing condition (in Brief AF) improves overall Novelty while the single
effect Brief FB improves Usefulness. One reason could be that producing novel designs is a more
demanding task than generating useful ones, and therefore exposing teams of novice and advanced
students to both types of stimuli, either simultaneously or in sequential rounds, can be of great
assistance. On the other hand, the guided reframing technique may enable students to better
understand the problem and the initial design requirements, which contribute to improving Usefulness.
However, while exposing students to reframing alone produce fewer novel results compared to other
conditions. Using a combination of both stimuli may result in the best intermediate option to produce
highly novel design solutions with moderate Usefulness.

7 CONCLUSIONS AND FUTURE WORK

This study investigated the aid provided by the information contained in three types of briefs aimed to
enhance design creativity and explored how students with different levels of expertise can benefit from
these. Advanced students performed better on Novelty, scoring higher in all three conditions, while in
the Fishbone condition novice students performed slightly better in Usefulness. We are not aware if
this effect occurred due to the brief information alone or if it occurred when additional tools such as
“HMW’s” and problem restructuring were included in Briefs FB and AF. Another limitation is the
different processing times set by each of the briefs, which could have affected the observed statistical
differences. Future studies should consider designing separate briefs for each of the tools above to
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identify their possible independent effects on the design outcomes. A further possible cause for the
difference in the advanced students’ performance is that they have been exposed to the university
curriculum for a longer period of time. Given that the obtained results suggest that creativity is valued
and promoted across the curriculum, that could give the advanced students an advantage as they have
had more time to evolve their capacity for deriving novel outcomes throughout their coursework.
Implications for design education can be drawn from our findings regarding the studied groups’ level
of expertise.

Independently of the influence of the design brief conditions investigated, the creativity of the design
outcomes might also depend on other variables besides our control. These include, but might not be
limited to, individual skills, cognitive styles, motivation, and task dedication. Developing concepts in a
limited timeframe may also cause stress for the participants, thereby reducing the creativity of their
outcomes. Moreover, as students in the senior year are split further into four major disciplines/pillars,
we could further investigate how student designers perform in each of these disciplines to understand
the effect of studying in a certain discipline and its effect on creativity. Whether using restructuring or
abstraction briefs as pedagogical tools to enhance design creativity or even a combination of both,
showed to be dependent on the kind of creativity intended to be promoted.
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APPENDIX
Table 1. Descriptive mean ranks scores per brief Table 2. Significant pairwise comparisons RQ2
Briefs Label Dependent Variables Novelty Novice vs. Advanced scores
Description ane Novelty Usefulness Briefs *F_Stat Result
Advanced 55.10 70.07 AB 9257 p =.000
AB Novice 78.45 72.93 AF 78.87 p =.005
Advanced 82.22 69.40 -
- Usefulness Novice vs. Advanced scores
AF Novice 84.13 58.44 -
Advanced 76.39 76.85 Briefs F- Stat Result
AF 91.53 p=.014
*variance of 1% sample / variance of 2™ sample
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