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Abstract

Creativity is a significant element in design education, and frequently a significant com-
petency during recruitment for design professions. Group work and individual work are
widely employed in higher education. Many studies have highlighted the merits of employ-
ing group work in design education, cultivating collaborative design abilities and fostering
sought-after employability skills. Although the benefits of group work in design practice
and education are widely recognised, few studies have shown evidence that group work
outperforms individual work regarding creative design activities in higher education con-
texts. Therefore, the aim of this research is to explore whether group or individual work is
more beneficial for fostering students in generating creative designs in STEM design edu-
cation. A case study, involving two cohorts of second-year undergraduate students studying
a UK Engineering degree Industrial Design programme, is reported. The case study com-
pares the design outputs produced by the two cohorts tackling the same design challenge
in a product design module but employing individual and group work, respectively. The
case study results show that no significant differences have been found between the design
outputs produced by group work and individual work, considering novelty, usefulness and
overall creativity. Further analysis reveals that a student’s academic performance is not sig-
nificantly related to the level of creativity of the design produced. This research indicates
design educators should employ both group and individual work to complement each other
in design education, and suggests potential solutions to enhance students’ design creativity.
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Introduction

Creativity is an essential feature of human intelligence (Cross, 2011), which plays a sig-
nificant role in design for supporting problem-solving, initiating innovations, and it is
closely related to business commercial performance (Childs & Fountain, 2011; Sarkar &
Chakrabarti, 2011). It is defined as ‘the process by which something so judged (to be crea-
tive) is produced’ (Amabile, 1983), ‘the production of novel, useful products’ (Mumford,
2003), and ‘the ability to imagine or invent something new of value’ (Childs et al., 2006),
while novelty and usefulness are the two core elements of creativity in the design context
(Sarkar & Chakrabarti, 2008). Creativity is often associated with ideas, while tangible and
intangible creative products embody ‘good ideas’ (Goldschmidt & Tatsa, 2005). Han et al.
(2018b) described design as the bridge connecting creativity and economic benefit, and
suggested the significance of producing creative ideas. Howard et al. (2011) claimed that
producing creative ideas is essential to developing novel concepts and ultimately innova-
tion. However, it is challenging for designers to come up with creative ideas, due to issues
such as too many existing ideas and lack of creative minds (Childs, 2018).

Although creativity is commonly considered a highly valuable element in science, tech-
nology, engineering and mathematics (STEM) disciplines, it is often considered associ-
ated more closely with arts than STEM education (Kind & Kind, 2007; Li et al., 2019).
Larkin (2015) pointed out that there is a great demand for creative engineers and scientists,
but creativity is not often used to characterise an engineer or a scientist. Cropley (2015)
indicated that there is a disconnection between creativity and engineering. However, crea-
tivity is becoming more important in the current STEM education. Many new problems
have emerged, as well as rapid changes in technologies and society, requiring new solu-
tions, which are not amenable to resolution by replicating old approaches. The exploration
of new solutions for solving these emerging problems needs creativity (Bozkurt Altan &
Tan, 2020; Cropley, 2015). Teaching creativity in STEM education is significant for foster-
ing STEM graduates with the abilities and skills to solve emerging problems and create
innovations. It is therefore important to explore how creativity could be better fostered in
STEM education.

Creativity has become a research hotspot and trend in the International Journal of Tech-
nology and Design Education since the early 2000s, while design, education, design educa-
tion and creativity are the most frequently used keywords (Xu et al., 2020). For instance,
Howard-Jones (2002) proposed a dual-state model of creative cognition to support foster-
ing creativity in the classroom. Cropley and Cropley (2010) highlighted the importance of
recognizing and fostering creativity in technological design education. Lu (2017) examined
the effects of environmental experience on innovative cognitive style and students’ creative
outputs. Gray et al. (2019) demonstrated the use of a cognitive support method to support
students in creative idea generation even after the students’ ideas are exhausted. This shows
the interest in exploring how creativity is fostered and the elements that encourage creativ-
ity, especially in design, technology and engineering education. Besides, Yang et al. (2005)
indicated that creativity is one of the top five competencies for the overall industrial design
profession during recruitment. However, creativity remains a notoriously elusive phenom-
enon in design education, which is often considered closely associated with human genius
and serendipitous discovery.

Group and individual work are the two main learning strategies employed in univer-
sity teaching. Group work has universal appeal in higher education, while individual work
could cultivate a student’s independent thinking (Almond, 2009). In this paper, group work
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refers to small group work, where teachers facilitate student-driven activities (Kirschner,
2001). Burke (2011) summarised that working as a group could have more information
than individuals, stimulate creativity, remember group discussions better, yield greater sat-
isfaction, understand better self-knowledge, and foster sought-after employability skills.
An increasing number of firms are also seeking employees with collaborative group work-
ing skills (Algashaam, 2015; Almond, 2009; Pfaff & Huddleston, 2003). A number of
researchers have explored the use of group work in design education, such as Lee et al.
(2017), Tucker (2017) and Qu et al. (2019), but few have compared group work and indi-
vidual work in terms of teaching design creativity.

The aim of this research is to explore whether group work is better at fostering stu-
dents with design creativity in producing design outputs in the product development con-
text in STEM design education in comparison with individual work. In this research, we
hypothesise:

Hypothesis 1. Group work in product development modules can lead to design outputs
that are more novel comparing with individual work.

Hypothesis 2. Design outputs produced by group work are more useful than the ones pro-
duced by individual work.

Hypothesis 3. The overall creativity of design outputs produced by group work is better
than the ones produced by individual work.

A practical case study has thereby been conducted to examine the hypotheses, which
involves two cohorts of students tackling the same design challenge in a product design
module but employing group and individual work respectively and followed by statistical
analysis. The empirical results of the research lead to a better understanding of creativity
in STEM design education and provides educators with potential suggestions on how to
deliver STEM design modules.

The following “Theoretical background” section reviews related studies of group work
and design creativity in education. The case study of group and individual work in STEM
design education on creativity is detailed in “Case study method” section and followed by
results in “Results” section. The discussion, implications and limitations of the study are
indicated in “Discussion” section. The paper is then concluded in the last section.

Theoretical background
Design creativity

Creativity in design, or design creativity, is a significant element for new product develop-
ment, which occurs between the problem and solution space (Demirkan & Afacan, 2012).
It is widely considered an essential part of the conceptual design stage where successful
designs are often originated from (Chiu & Shu, 2012; Crilly & Morosanu Firth, 2019;
Thompson & Lordan, 1999; Toh & Miller, 2015). However, there is a long-term debate
surrounding the definition of creativity in classical research fields (such as psychology
and cognitive science) and design research. Han et al. (2021) reviewed over 50 studies in
various fields, with a particular focus on design, to explore how creativity is defined and
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assessed. They revealed that novelty and usefulness are consistently used as the core ele-
ments for defining and assessing creativity across the board. Novelty refers to both new-
ness and originality, while usefulness refers to quality, feasibility and value (Chiu & Shu,
2012; Girotra et al., 2010; Han et al., 2021; Sarkar & Chakrabarti, 2011; Shah et al., 2003).
Although Gero et al. (2019) argued that surprise should be included as the third element
of design creativity for measuring the unexpectedness of a design, many other research-
ers, including Chiu and Shu (2012), Zheng and Miller (2020) and Koronis et al. (2019),
indicated surprise as a nuance of novelty. Therefore, novelty and usefulness are considered
the two key elements of design creativity. In other words, design creativity refers to the
generation of novel and useful products, which is in line with the common design creativity
definition by Sarkar and Chakrabarti (2008). Few studies have explored the links between
novelty and usefulness, of which He and Luo (2017) found that an inventive design’s nov-
elty profile can influence its usefulness value, while Han et al. (2021) showed that there are
no significant relations between a product’s novelty and usefulness.

Innovation is a crucial factor for commercial success and viability in a competitive mar-
ket (Bruton, 2011; Guo et al., 2017), which is highly related to product development. Crea-
tivity and innovation are often discussed simultaneously in design research, while crea-
tivity is considered central to innovative product development (Crilly & Morosanu Firth,
2019; Shai et al., 2009). Moreover, Sarkar and Chakrabarti (2011) showed that creativity is
considered the prerequisite for product innovation, Cropley et al. (2011) indicated that cre-
ative product is the initial point for product innovation, and Starkey et al. (2016) claimed
that successful innovation depends on creative design ideas. This has implied that design
creativity is a key driver of product innovation, ultimately leading to business success and
commercial benefits. Cultivating design creativity to prepare students to be innovative
designers and design engineers is thereby significant for design education.

Group work in education

Group work is a popular teaching strategy in higher education, and it is commonly asserted
that students need collaborative group working experience prior to employment (Almond,
2009). Benefits frequently highlighted include that it can foster students’ abilities and
skills in oral communication, written communication, collective decision making, group
management, interpersonal dynamics issues, critical reflection, self-directed learning, and
social interactions (Almond, 2009; Boud et al., 1999; Burke, 2011; Gupta, 2004). These
skills and abilities are not discipline-specific but are transferable that could benefit lifelong
learning. Although students generate one final ‘product’ in group work, it still provides
opportunities for individuals to learn related concepts and knowledge (Pfaft & Huddleston,
2003). In addition, students are also able to learn from each other in several ways, such as
giving and receiving help, sharing knowledge, observing others, and building on each oth-
er’s ideas, which will increase their knowledge and understanding (Webb & Mastergeorge,
2003). Mbalamula (2018) indicated that students perform better in groups than individuals,
and the students’ scores increase while the number of students in a group increases. Group
work also has the advantage of using limited resources effectively. For instance, Almond
(2009) and Pfaff and Huddleston (2003) indicated that higher education institutions may
reduce the material resources and marking effort by employing group work.

However, many researchers hold a sceptical view of the value of group work, despite
its claimed benefits in higher education. Beebe and Masterson (2003) indicated that group
work might cause issues such as peer pressure to conform to majority opinions, individuals
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dominating discussions, some members relying heavily on others, and time-consuming
compared with individual work. Bacon (2005) indicated that students learned less in group
projects than in individual projects. Pauli et al. (2008) claimed that motivational, interac-
tional, and logistical difficulties are the main source of causing problems in group work.
Lin et al., (2019) revealed that the two main flaws in group work projects are ‘social loaf-
ing’ and ‘unfair mark’. ‘Social loafing’ refers to the phenomenon that people spend less
effort in group work than individual work for achieving a goal. ‘Unfair mark’ refers to the
marks, which cannot truly reflect each individual’s contribution, given to the group mem-
bers. One of the common methods to address the issues arisen in group work is to perform
self and peer assessment among students (Elliott & Higgins, 2005). However, there are
doubts about the usefulness of peer assessment, as indicated in the research conducted by
Kennedy (2005) and King and Behnke (2005).

Several researchers have investigated the use of group work and individual work in dif-
ferent education settings. For example, Rickheim et al. (2002) showed that group work
and individual work are equally effective at delivering key elements in medical health
education, while group work is more cost-effective and efficient. Ferndndez Dobao (2012)
revealed that groups perform better than individuals in terms of accuracy while conduct-
ing writing tasks. Cronin and McCabe (2017) showed that students working individually
in laboratory-based science classes have significantly improved laboratory techniques in
comparison with students working in groups. Lin (2019) indicated that students perform
better in group work than individual work in terms of vocabulary learning, despite students
prefer individual work. These examples show that the effects of group work vary in differ-
ent educational contexts.

In design education, group work is employed to support students in experiencing and
understanding collaborative design processes (Qu et al., 2019). The ability to work in a
group is highly demanded by design practice (Thompson, 2002). Many design activities
involve group work, especially when solving complex design problems (Daly et al., 2019).
Early studies revealed that group work could lead to better clarifications of tasks, the gen-
eration of a large variety of ideas, and a more intensive analysis of the ideas generated, but
dominant group members often influence group discussions, which might even interrupt
group cooperation (Ehrlenspiel et al., 1997). In recent studies, Lee et al. (2017) investigated
the cognitive challenges for design teams and their educators. Tucker (2017) proposed a
framework for understanding the effectiveness of group work in design assignments, which
supports educators to better integrate group work into their modules and evaluate learning
outcomes. Qu et al. (2019) indicated that design educators are positive about the students’
results and effort in group work. However, the learning outcomes of each individual in
group work varies greatly, depending on the course set up, cognitive levels, commitments,
and group role-related knowledge. Mattioli (2019) raised the attention of the extensive use
of cross-culture design teams, including disciplinarily diverse, demographically diverse
and cognitively diverse, in nowadays education. Group work tends to be a widely used
approach in design education (Thompson, 2002) with an increasing research interest, but
whether group work is a beneficial approach for educating design creativity needs further
investigation.

Creativity in design education

Creativity plays a significant role in practical design and is presented in all stages of the
design process, including detailed design (Court, 1998). Several studies have explored
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the impacts of group work and individual work on creative design activities. Court
(1998) indicated that group methods are favoured, while it is important to create a suit-
able environment and construct multidisciplinary groups. Taggar (2002) showed that
the combinations of contributions from the individual group members at group level
could lead to ideas that are more creative. Kohn et al. (2011) indicated that groups out-
perform individuals on idea combination, generating more novel and feasible outputs.
Bissola and Imperatori (2011) showed that designers with poor individual creative skills
can perform well in groups if organised properly. McMahon et al. (2016) also showed
that it is beneficial to develop ideas in collaborative groups compared with individu-
als. By conducting a real-life setting case study, Petersson et al. (2017) revealed that
group work is beneficial for the analysis of design topics and the generation of ideas to
address the topics. However, researchers, such as Stroebe et al. (2010) and Putman and
Paulus (2009), held the view that individuals are more creative and perform better in
brainstorming compared with groups. Nevertheless, Linsey et al. (2011) indicated that
individual and group work are both important in idea generation.

Design education is considered the base of knowledge about design creativity (Rauth
et al., 2010). Therefore, fostering design students with creative skills and methods is
considered an important part of their education stage and future careers. In addition,
creativity is also considered a significant element of the UK design course accreditation
criteria of the Institution of Engineering Designers (IED) and the Chartered Society of
Designers (CSD) (Dowlen, 2019).

Producing ideas is essential in design, which has a significant impact on the success
of a product. It is revealed that there is a strong link between the raw ideas of a product
and the consumers’ purchase intent of the product (Kornish & Ulrich, 2014). However,
it can be challenging for designers to come up with creative ideas, particularly design
students (Wong & Siu, 2012). Therefore, educating students with creative idea genera-
tion skills and methods plays a significant role in the curriculum of design education.
Many studies have investigated how to prepare students with the ability to generate crea-
tive ideas, as it significantly affects the quality of the final creative outputs (Zhang et al.,
2015). For example, Hernandez et al. (2014) investigated the use of TRIZ, Sketching
and Smartpen in a design course, and indicated all three aids had enhanced the effec-
tiveness of students’ idea generation while TRIZ was the best in improving novelty; and
Daly et al. (2019) showed the use of the 77 Design Heuristics (Yilmaz et al., 2016) in
design classrooms could support the exploration of more innovative ideas. Many crea-
tivity tools or ideation techniques are employed in design classes for supporting design
students in creative idea generation, which involves:

Bio-inspired Design (Chakrabarti & Shu, 2010; Helms et al., 2009)
Brainstorming (Osborn, 1979)

C-Sketch (Shah et al., 2001)

Lateral Thinking (De Bono, 2010)

Method 6-3-5 (Rhorbach, 1969)

Mind Mapping (Buzan, 2006)

Morphological Analysis (Zwicky, 1969)

SCAMPER (Eberle, 1996)

Six Thinking Hats (De Bono, 1985)

TRIZ (Altshuller, 1984)

@ Springer



Is group work beneficial for producing creative designs in STEM... 2807

However, some of the tools are suitable for group work while some others are more suita-
ble for individuals. For examples, six thinking hats (De Bono, 1985), C-sketch (Shah et al.,
2001), and brainstorming (Osborn, 1979) including its variations, such as brain-writing,
sticky note and flip chart brainstorming, are more suitable for groups than individuals. Cre-
ativity tools, such as TRIZ (Altshuller, 1984), are more suitable to be used by individuals
rather than groups. Linsey et al. (2005) showed that group idea generation techniques, such
as C-Sketch, could support designers in generating ideas with a larger quantity and better
quality. In addition to these conventional idea generation techniques, computational crea-
tivity support tools have been developed in recent years for supporting designers in creative
idea generation, such as Idea Inspire 4.0 (Siddharth & Chakrabarti, 2018), the Retriever
(Han et al., 2018b), the Combinator (Han et al., 2018a), and InnoGPS (Luo et al., 2019).
Although most of these computational tools are aimed for supporting individual designers,
few of the tools have been employed in the current design education.

Design creativity assessment is also central to the curriculum of design education, which
often occurs while students are developing their design ideas and concepts (Georgiev &
Casakin, 2019). In design practice, many methods, involving Consensual Assessment
Technique (CAT) (Amabile, 1982) and Creative Product Semantic Scale (CPSS) (O’Quin
& Besemer, 1989), are often employed to assess the degree of creativity for product ideas
and concepts. In design education, students evaluate the ideas generated and select the best
or the most preferred one by employing idea evaluation and selection methods, which are
not aimed at assessing creativity specifically, rather than using design creativity assessment
methods. However, idea evaluation and selection is still considered a challenging task for
students, which involves compromise, judgment and risk (Oman et al., 2013). Furthermore,
many textbooks used by educators for teaching STEM design courses, including the ‘Engi-
neering Design: A Systematic Approach’ (Pahl & Beitz, 2013), the ‘Delft Design Guide:
Design Strategies and Methods’ (Van Boeijen et al., 2014), and the ‘Mechanical Design
Engineering Handbook’ (Childs, 2018), provide useful methods for evaluating and select-
ing ideas, but not considering creativity as a design requirement in general. Several meth-
ods often used in design education for idea evaluation and selection are listed as follows:

Harris Profile (Harris, 1976)

PMI—Positive, Negative, Interesting (De Bono, 2010)
Pugh’s Matrix (Pugh & Clausing, 1996)
SWOT—Strength, Weakness, Opportunity and Threat
Tabular Evaluation Matrix (Childs, 2018)

Voting System (Childs, 2018; Rebernik et al., 2008)

These idea evaluation and selection methods are often used by both groups and individu-
als. Faure (2004) showed that the quality or novelty of the ideas selected by a group of
individuals and an interactive group do not have significant differences. However, Nijstad
and De Dreu (2002) suggested that the selection of high-quality ideas performs better in
groups rather than individuals. Rietzschel et al. (2006) indicated that idea selection is a
judgment task, where group discussion could improve the selection process. They revealed
that groups tend to select more novel ideas compared with individuals.

According to the preceding reviews, both group and individual work have their advan-
tages and disadvantages, but group work tends to be more popular and effective in design
education and creative design activities. However, few practical studies have been con-
ducted that could provide the direct evidence. Therefore, a case study is conducted in the
next section to yield more practical insights.

@ Springer



2808 J.Hanetal.

Case study method
Approach

In order to investigate the three hypotheses proposed in this paper, a case study has
been conducted to explore and compare the impacts of employing group work and
individual work on design creativity. The case study involves two cohorts of year
two undergraduate students studying the same product development module within
an Engineering degree Industrial Design programme at a university in the UK. The
two cohorts are provided with the same design project, while the first cohort employs
group work and the second cohort employs individual work. The project assignments,
in forms of design portfolios, produced by the two cohorts are assessed by the module
teacher using the same marking rubric to ensure the two cohorts possess similar intel-
lectual abilities for a fair comparison. Expert assessment is then introduced to evaluate
the degree of creativity for the final designs produced and followed by statistical analy-
sis for examining the three hypotheses. The participants, instruments and implementa-
tion of the case study are presented in the following sub-sections, while the results and
statistical analysis are provided in “Results” section.

Participants

The first cohort (cohort A), which involves 32 students, studied the product develop-
ment module in 2018/2019 academic year, while the second cohort (cohort B), which
involves 30 students, studied the module in 2019/20 academic year. Both of the cohorts
were taught by the same module teacher and used the same set of teaching materials.
Students from both cohort A and B were admitted into the university under the same
entry requirements, and studied the same set of modules in their year one studies.

The two cohorts were given the same design project ‘a new manual juicer design’
as their module assignment. Cohort A was required to conduct their design projects in
groups of four (8 groups in total), while students in cohort B conducted their projects
individually without any collaborations. However, students in cohort B were also pro-
vided with the additional opportunity to work on projects of their own choices, such
as ‘a new garlic press design’ or ‘a new portable camera handle design’. 15 students
in cohort B, who selected the ‘a new manual juicer design’ project, are included in the
case study for comparison with the 8 groups of students in cohort A. The 15 students
are named as cohort B* to distinguish from cohort B in the following research. The
remaining students, who worked on their own project choices, are excluded from the
case study. This is to deliver a fair comparison between the final designs produced by
students employing group work and individual work.

The participant demographic information of cohort A and B, including B*, is pro-
vided in Table 1. The age of a student is calculated based on the student’s date of birth
and the date that the module started. Please note that a mature student was involved
in cohort B but not cohort B*. All the students signed up with standard case study
protocols giving permission to use the data. However, the intellectual properties of the
designs created by the students are owned by themselves according to the University’s
Intellectual Property Policy.
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Tafl) le1 Participant demographic Number of Average age (SD) Gender
information participants
Male Female
Cohort A 32 20.35 (0.61) 16 16
Cohort B 30 20.84 (1.73) 17 13
Cohort B* 15 20.44 (0.51) 8 7

SD: standard deviation

Design of instruments

In the product development module, marking rubrics were distributed to both cohorts at
the beginning of the module to provide students with the information regarding the mark-
ing criteria, which were used to assess the students’ portfolios produced. The rubrics are
also employed in the case study as the instrument for measuring the students’ intellectual

abilities.

Comparing with the marking rubric used to assess cohort A in 2018/2019 academic
year, as shown in Fig. la, a slightly different version was used to assess cohort B in
2019/2020 academic year, as shown in Fig. 1b. Both of the rubrics contain the same set of
main marking criteria, ‘portfolio presentation’, ‘design phase and outcome’, and ‘presenta-
tions of design’, of which each criterion contains a sub-set of marking items. Two marking
items in the criterion ‘design phase and outcome’, ‘concept generation and selection’ (10%
marking weighting) and ‘demonstration of concepts’ (10% marking weighting), in the
marking rubric for cohort A were combined into ‘concept generation, selection and dem-
onstration’ in the one used for cohort B, but maintained the same overall weighting of 20%.

(@

Criteria Items Criteria Items
Structure and content (10%) Structure and content (10%)
Portfolio Effective communication of project aim, context, design Portfolio Effective communication of prgje:t aim, context, design
N process, appropriate content, final design solution. & process, app! content, final design solution.
(20%) Visuals and delivery (10%) (20%) Visuals and delivery (10%)
Quality of portfolio presentation. Quality of visuals, images, Quality of portfolio presentation. Quality of visuals, images,
tables, and so on. Professional layout and format. tables, and so on. Professional layout and format.
Understanding of design problems (5%) Understanding of design problems (5%)
Contextual framing of the project, responding to the design Contextual framing of the project, responding to the design
brief. brief.
research and analysis (10%) Background research and requirement analysis (10%)
Identification of design background, areas and requirements. Identification of design background, areas and requirements.
Demonstration of design process (5%) Demonstration of design process (5%)
Quality of design and development processes, design Quality of design and development processes, design
iterations, gradual resolution towards fully-specified design, iterations, gradual resolution towards fully-specified design,
user testing and feedback. Design Phase | user testing and feedback.
Design Phase | Concept generation and selection (10%) ahd Outcome: | Concept tion, selection and desnion: (20%)
and Outcome | Effective use of idea generation and selection methods, (55%) Effective use of idea generation and selection methods,
(50%) diversity of solutions, concept evaluation and decision diversity of solutions, concept evaluation and decision making.
making, Demonstrating the theory and rational underpinning them,
of P Jedge (10%) consideration of Fo.ntext of use, human factors, satisfaction of
Consideration of engineering aspects, feasibility, structural usepnesdsiceativity:
analysis, mechanism, material selection, manufacturability, N of ) N A({S%)
ly, durability, reliability, risk consideration. Consnd‘eratnon of gnguneerun‘g aspects., feasibility, Structf.lra|
Demonstration of concepts (10%) analysis, mechar![sm, m?terl.al se}ectlon,.manu.facturablhty,
Demonstrating the theory and rational underpinning them, aise";'b'y':m'?""‘" 'egab"'ty' fisk consideration.
consideration of context of use, human factors, satisfaction of Sketches, drwings, and peototype (2%}
N Effective use of sketches, storyboarding, mock-ups, CAD
tser needs, creativity drawings, vi and language, assthetics throughout
:‘f‘:e‘::::'u‘:; a:f";'f:"c":\': "s’t‘;“’:"o‘:'rj:”‘fn T — of Design | the portfolio. The quality of your final prototype: evidence of
. dice: = l;:‘““ e s, END (25%) consideration of context of use, aesthetics, styling, and
of Design | the portfolio. The quality of your final prototype: evidence of fanctionality. of and drawings,
(30%) consideration of context of use, aesthetics, styling, and
c di of I and drawings,
functionality.

(b)

Fig. 1 Marking criteria and items of the marking rubrics used for assessing cohort A (a) and cohort B (b)
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Besides, a 5% marking weighting was deducted from the marking item ‘sketches, drawings
and prototypes’ in the ‘presentations of design’ criterion and added to the item ‘demonstra-
tion of engineering knowledge’ in the ‘design phase and outcome’ criterion regarding the
marking rubric for cohort B. The two marking rubrics used to assess cohort A and B were
almost identical, despite the two slight changes. Therefore, it is considered that the changes
made in the marking rubrics have zero to minimal impacts on students’ learning. In addi-
tion, creativity, as well as other related terms, such as idea generation, idea evaluation and
selection, were only mentioned in marking items ‘demonstration of concepts’ and ‘concept
generation and selection’ in the marking rubric for cohort A and ‘concept generation, selec-
tion and demonstration’ for cohort B. Therefore, creativity was not a direct driving force
for learning perceived by students from both cohorts.

Creative Product Semantic Scale (CPSS), proposed by O’Quin and Besemer (1989),
is a creativity assessment method for measuring products. This assessment method has
been validated several times (Chulvi et al., 2012). Chulvi et al. (2012) defended the use
of an adapted version of CPSS focusing on novelty and resolution (usefulness). These two
criteria, novelty and usefulness, are also claimed as the key elements of design creativity
(Sarkar & Chakrabarti, 2008). Thereby, this adapted version of CPSS, as shown in Fig. 2,
is employed in this study to measure the creativity of the designs produced by the students.

As shown in the figure, the adapted version of CPSS involves 18 bipolar pairs of items,
of which 8 pairs refer to novelty (the rows in grey shadings) and 10 pairs indicate useful-
ness. Please note that the grey shadings are only shown here to provide the readers with
a better understanding of the creativity assessment method used, while no shadings are
used in the case study. Each bipolar pair of items is assessed using a seven-point Likert
scale ranging from ‘1’ to “7°. The novelty score of a design is calculated based on the 8
pairs of novelty items, and the usefulness score is calculated according to the ten pairs of

1 2 3 4 5 6 7
Usual Unusual
Inoperable Operable
Commonplace Astonishing
Nonfunctional Functional
Customary Surprising
Overused Fresh
Unnecessary Necessary
Commonplace Original
Common Astounding
Unfeasible Feasible
Inappropriate Appropriate
Unusable Usable
Predictable Novel
Inadequate Adequate
Ineffective Effective
Inessential Essential
Useless Useful
Average Revolutionary

Fig.2 The adapted version of the CPSS used in the study (Chulvi et al., 2012)
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usefulness items. The overall creativity is produced by adding up the 18 pairs of novelty
and usefulness items. Thereby the maximum scores of novelty, usefulness and overall crea-
tivity are 56, 70 and 126, respectively.

Assessing design concepts is often led by experts, as it is a complex multi-criteria deci-
sion-making process (Zhai et al., 2009). Expert assessment has been used in a number of
design studies for evaluating creativity, such as the ones conducted by Han et al. (2018c)
and Sarkar and Chakrabarti (2011). Expert assessment is thereby employed in this study to
measure the creativity of the final designs, by employing the adapted version of Creative
Product Semantic Scale (CPSS).

Implementation

The case study has been performed in the project-based product development module led
and taught by the principal author. Project-based learning is commonly used in design
education that engages students in learning, and has a positive impact on enhancing stu-
dents’ creativity (Hanif et al., 2019; Lee, 2009). The module aims to teach intermediate
elements of new product design and development, reinforce the role designers play in the
development of new or existing products, and further develop students’ drawing, graphical,
presentation and design communication skills. The module requires students to design and
develop a new consumer product through comprehending a given design problem, con-
ducting user research, generating and selecting ideas, and developing the ideas into final
design products. As a STEM design module, it also requires students to conduct engineer-
ing analysis, such as material and manufacturing considerations.

The two cohorts of students, cohort A and cohort B (including B*), were given the same
amount of time, 12 weeks, to accomplish their design projects and submit their assign-
ments in the format of design portfolios. Before comparing the manual juicer designs pro-
duced by cohort A and B* regarding creativity, it is necessary to ensure that both cohorts
are at a similar intellectual level (knowledge and skills). The module teacher re-marked the
8 group work portfolios produced by cohort A (N=38), simultaneously while marking the
individual portfolios of cohort B, including cohort B* (N=15), using the same marking
rubric (the one for cohort B) and employing the same marking standard. This could also
eliminate the effects on marking caused by the time elapsed and the slight changes in the
marking rubrics.

Cohort A achieved an average grade of 66.34 out of 100, with a median (Mdn) value of
67.50 and a median absolute deviation (MAD) value of 1.50, while cohort B* achieved an
average grade of 65.67 (Mdn=6.00, MAD =2.00). A Mann—Whitney U test is conducted
to measure the statistical differences between the assignment grades of cohort A and B*. It
indicates that cohort A and cohort B* are not significantly different in terms of their assign-
ment grades, U=55.50, Z=-0.29, p=0.77, r=0.06. This shows that cohort A and B* pos-
sess similar intellectual abilities, including knowledge and skills, for a fair comparison.

The degree of creativity of the final designs produced by cohort A and cohort B* are
then assessed to yield practical results for examining the three hypotheses proposed. Six
design experts with an average of 9.17 years (SD=4.41 years) of design experience par-
ticipated in this case study voluntarily, and signed up with standard case study protocols to
not disclose the data used in the case study. The six design experts were asked to assess the
23 final design individually using the adapted version of CPSS. Before the design experts
started the formal creativity assessment, short briefing and training sessions were provided.
In order to avoid distracting the six design experts from focusing on the 23 final designs
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in the portfolios produced by the 8 groups in cohort A and 15 individuals in cohort B¥*,
the final designs, involving the presentation of design, the context of use and engineer-
ing considerations, were extracted from the portfolios. The 23 final designs were collected
and then mixed for creativity assessment to avoid evaluation bias and enhance reliability.
Examples of the extracted final designs, one from cohort A and one from cohort B*, are
shown in Fig. 3. The two examples attracted assignment grades of 68 and 69, respectively.

A Cronbach’s alpha test is then conducted to measure the internal consistency of the
assessment results among the six design experts. The test is conducted based on the CPSS
bipolar pairs of items of the 8 group work designs produced by cohort A, and the 15 indi-
vidual work designs produced by cohort B*. Each expert assessed 23 designs in total, with
18 CPSS bipolar pairs of items per design. The Cronbach’s alpha value a=0.66, which
indicates an acceptable level of internal consistency as a convention (Ursachi et al., 2015).
This shows that the reliability of the expert evaluation is acceptable.

Results
The mean values of novelty, usefulness and overall creativity scores of the designs, pro-
duced by cohort A (Design 1-8) and B* (Design 9-23), rated by the six design experts

are calculated and employed for further analysis, as shown in Table 2 and 3, respec-
tively. For example, in Table 2, Design 1 has attracted a mean creativity score of 61.83
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Fig.3 Examples of final designs extracted from students’ portfolios: (a). An example from cohort A
(assignment grade 68); (b). An example from cohort B* (assignment grade 69)
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Table 2 Mean scores of the 8 final designs produced by cohort A rated by the six experts

Mean novelty (Mdn, MAD)

Mean usefulness (Mdn, MAD)

Mean creativity (Mdn, MAD)

Design 1 35.67 (38.00, 3.50) 26.17 (27.00, 6.00) 61.83 (62.50, 4.00)
Design2  25.17 (23.00, 5.50) 48.83 (50.50, 4.00) 74.00 (74.50, 12.00)
Design3  26.17 (29.50, 8.00) 49.67 (49.00, 7.50) 75.50 (73.50, 7.50)
Design 4 43.50 (43.00, 1.50) 51.00 (55.00, 6.00) 94.50 (99.50, 4.50)
Design 5 28.33 (30.00, 6.00) 38.00 (35.50, 9.50) 66.33 (66.50, 6.00)
Design 6 35.50 (35.00, 5.00) 55.67 (57.50, 5.00) 91.17 (95.00, 7.50)
Design7  42.17 (49.00, 1.50) 34.50 (34.00, 6.00) 76.67 (80.50, 6.50)
Design 8 41.67 (43.00, 4.00) 53.17 (51.50, 5.00) 94.83 (97.00, 6.00)
Mean 34.77 (35.58, 6.92) 44.63 (49.25, 5.17) 79.35 (76.08, 12.00)

Table 3 Mean scores of the 15 final designs produced by cohort B* rated by the six experts

Mean Novelty (Mdn, MAD) Mean Usefulness (Mdn, MAD) Mean Creativity (Mdn, MAD)

Design9  30.83 (32.00, 7.50) 45.67 (45.00, 9.00) 76.50 (77.00, 10.00)
Design 10 27.83 (28.00, 7.50) 51.17 (51.50, 3.50) 79.00 (80.00, 1.50)
Design 11 28.33 (31.00, 10.50) 37.67 (33.50, 10.00) 66.00 (62.50, 5.50)
Design 12 33.00 (39.00, 2.50) 42.33 (39.00, 7.50) 75.33 (73.00, 5.00)
Design 13 37.33 (42.00, 6.00) 38.17 (34.50, 6.50) 75.50 (73.00, 15.00)
Design 14 21.83 (24.50, 7.50) 44.67 (47.50, 2.50) 66.50 (66.50, 11.00)
Design 15 29.00 (30.00, 4.00) 35.17 (36.50, 3.50) 64.17 (67.00, 10.00)
Design 16 28.00 (28.50, 5.00) 35.33 (34.00, 10.00) 63.33 (60.00, 11.50)
Design 17 20.83 (22.00, 6.50) 52.83 (51.00, 4.00) 73.67 (71.00, 2.00)
Design 18 38.00 (39.50, 3.50) 48.33 (50.00, 7.50) 86.33 (91.50, 10.00)
Design 19 27.67 (28.00, 3.50) 46.83 (44.00, 1.50) 74.50 (73.00, 3.50)
Design 20 26.17 (25.50, 6.50) 40.33 (41.00, 3.50) 66.50 (67.50, 7.50)
Design 21 32.83 (38.00, 2.50) 52.83 (55.00, 3.00) 85.67 (90.50, 8.00)
Design 22 29.33 (29.00, 7.00) 45.83 (47.00, 4.50) 75.17 (71.00, 9.00)
Design 23 32.33 (30.50, 7.00) 32.17 (32.50, 12.00) 64.50 (63.00, 6.00)
Mean 29.56 (29.00, 2.83) 43.29 (44.67, 6.50) 72.84 (74.50, 8.00)

with a median (Mdn) of 62.50 and a median absolute deviation (MAD) of 4.00, while
its mean novel and usefulness scores are 35.67 Mdn=38.00, MAD =3.50) and 26.17
Mdn=27.00, MAD =6.00), respectively.

A Mann—Whitney U test is conducted to measure the statistical differences between
the mean novelty, usefulness and overall creativity scores of cohort A (N=8) and
B* (N=15), respectively. The mean novelty score of cohort A, 34.77 (Mdn=35.58,
MAD =6.92), is higher than that of cohort B*, 29.56 (Mdn=29.00, MAD =2.83), as
shown in Table 2 and 3. However, the Mann—Whitney U test shows that there are no
statistically significant differences between the novelty scores of cohort A and cohort
B* with medium effect size, U=38.00, Z=—-1.42, p=0.155, r=0.30. This shows that
group work did not perform better than individual work in delivering novel design out-
puts in the product development module, which is against Hypothesis 1.
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Cohort A has achieved a mean usefulness score of 44.63 (Mdn=49.25, MAD=5.17),
while cohort B* has achieved 43.29 (Mdn=44.67, MAD =6.50). Although the mean use-
fulness scores are at a similar level, the statistical results indicate that the usefulness scores
of cohort A and cohort B* have shown no significant differences with small effect size,
U=49.00, Z=-0.71, p=0.478, r=0.15. This implies that group work did not outperform
individual work in terms of the usefulness of the outputs, which does not comply with
Hypothesis 2.

The mean overall creativity scores of cohort A and B* are 79.35 (Mdn=76.08,
MAD=12.00) and 72.84 (Mdn=74.50, MAD =8.00), respectively. Despite that the over-
all creativity score of cohort A is higher in comparison with cohort B*, there are also no
statistically significant differences between cohort A and cohort B* with small effect size,
U=41.50, Z=-1.20, p=0.232, r=0.25. This indicates that group work did not perform
better than individual work regarding the overall creativity of the design outputs, which
does not follow Hypothesis 3.

Further analysis is conducted to provide more insights by exploring the relationships
between the novelty, usefulness, creativity scores of the final designs and the assignment
grades for both cohort A and B*. Please note that the novelty, usefulness, and creativity
scores used are the mean scores rated by the six experts, as shown in Table 2 and 3, while
the assignment grades were rated by the module teacher. As shown in Fig. 4, the scatter
charts depict the relationships between assignment grades and novelty scores (a), assign-
ment grades and usefulness scores (b), and assignment grades and creativity scores (c),
for the 8 groups from cohort A (the blue x’) and the 15 individuals from cohort B* (the
orange ‘X’).

As shown in Fig. 4, there seems to be no clear relationships between the novelty, useful-
ness, creativity scores and the assignment grades for both cohorts, respectively. Therefore,
Pearson correlation tests are performed to explore the relationships statistically, of which
the results are shown in Table 4 (cohort A) and Table 5 (cohort B*). Only cohort A has
shown a medium correlation between novelty and assignment grade, while all other corre-
lations of cohort A and B* range from small to zero. However, there are no statistically sig-
nificant correlations between novelty, usefulness, creativity and assignment grade for both
cohorts, respectively. As a consequence, an assignment which has achieved a high grade
does not necessarily indicate its final design would be highly novel, useful or creative.

Discussion
Discussion of the case study

As the module teacher and leader of the product development module, the principal author
was required to change the module from employing group work in 2018/2019 academic
year to individual work in 2019/2020 academic year according to the recommendations
of an accreditation visit. This provided the opportunity for the authors to study how
group work and individual work affect students in learning design knowledge, especially
creativity.

Although many existing studies have emphasised the significance of employing group
work in design education, the case study conducted has shown that group work and indi-
vidual work have no significant differences in the final designs produced, in terms of nov-
elty, usefulness, and overall creativity. Therefore, the empirical results of this study do not
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Table 4 Pearson’s Correlation of Cohort A

Novelt, Usefulness Creativit
cohort A (group work) ovelty sefulness reativity

r P r )4 R )4

Assignment grade 408 316 .037 931 271 .506

Pearson’s Correlation Coefficient r: .1 to .3=small, .3 to .5=medium,
.5 to 1.0=large

*p < 0.05

Table 5 Pearson’s Correlation of Cohort B*

Novelt Useful Creativit;
cohort B* (individual work) overty seluiness reativity

r P r p R p

Assignment Grade ~ .013 963  .114 685 .110  .696

Pearson’s Correlation Coefficient : .1 to .3=small, .3 to .5=medium,
.5to 1.0=large

*p < 0.05

support that group work is more beneficial for supporting students in producing creative
design outputs in STEM design education in comparison with individual work. Further
correlation analysis suggests that the level of creativity (including novelty, usefulness and
overall creativity) of a final design is not related to its corresponding assignment’s grade. In
other words, there tends to be no relationships between a student’s academic performance
and creativity performance in the product development module. As a result, whether a stu-
dent could produce a highly creative design is not significantly associated with the learn-
ing strategy used (group work or individual work) and even the student’s academic perfor-
mance, for the case study concerned.

Several factors could have caused these results. One of them could be the disadvantages
of group work, such as peer pressure and the existence of dominant members, revealed by
many researchers. These disadvantages might have affected the students, which employed
group work, in learning and applying creativity knowledge and skills. For example,
Wiltermuth (2009) showed that a dominant group member may influence other submis-
sive members in contributing fewer ideas to group discussion. This leads to a reduction of
the number and diversity of ideas produced by the group, which impairs the capability of
the group in generating creative ideas. As a consequence, designs generated by employing
group work and individual work could be at a similar creativity level. Therefore, if design
educators are equipped with better understandings and management skills of group work
(Davies, 2009; Woolard, 2018), there is a potential to better support groups of students in
producing creative designs in the context of STEM design education.

Starkey et al. (2016) revealed that there is a reduction of creativity throughout the
design process, as students often abandon novel concepts. It is suggested that individu-
als’ definition of a ‘good’ idea affects the ideas they select (Johnson & D’Lauro, 2018).
For example, if a ‘good’ idea is defined as a novel and useful idea, then individuals might
select ideas that are creative. Rietzschel et al. (2010) indicated that students prefer to select
feasible and desirable ideas rather than novel ones after idea generation. Similarly, Toh and
Miller (2015, 2016) demonstrated that groups that produce highly creative ideas do not
necessarily select creative concepts, as students focus on feasibility and neglect creativity
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during the selection process, despite creativity being set as a design requirement. Thereby,
students involved in this study might have selected ideas, which they believed would meet
the requirements of the assignment, but not creative ones for further development. This
could be another main reason underpinning the fact that the creativity of the final designs
produced by group work (cohort A) and individual work (cohort B*) are at a similar level,
not relating to the assignment grades. Design creativity assessment methods should thereby
be employed in design education, rather than merely using the existing idea evaluation and
selection tools. This could support students in selecting creative ideas that are novel and
useful, rather than desirable ideas perceived by the students.

Another factor might be that creativity was not considered a significant item in the
marking rubrics used in the case study, as shown in Fig. 1. The rubrics were provided
to the students from both cohorts during the ‘week one—introduction’ class of the mod-
ule. Therefore, students might have spent more time on marking items which have higher
weightings, such as ‘sketches, drawings and prototypes’, rather than creative activities,
such as idea generation and evaluation, to achieve a better overall assignment grade. Thus,
increasing the weightings of creativity related marking items has the potential to drive stu-
dents to focus on creative design activities. This might result in highly creative outputs for
both group and individual work.

However, the results of the case study might also be determined by the design project ‘a
new manual juicer design’ employed in the module. A manual juicer is a classic product,
with numerous existing ones on the market, which has rather stable and maturely defined
functions in general. It might be challenging for students, even design experts, to come up
with radically new and path-breaking manual juicers that are considered highly creative.
Therefore, innovative design projects, such as ‘a portable blender’, could be employed in
future studies to provide more insights.

In addition, design students (novices) think and work differently from expert practition-
ers. For example, design novices tend to use ‘trial and error’ to approach design tasks,
while experts employ particular design strategies (Ahmed et al., 2003); design experts
spend significantly more time on problem scoping and information gathering than design
students during the design process (Atman et al., 2007); design experts prefer to use ana-
logical reasoning for problem solving and identification, while novices lack such reasoning
processes (Ahmed & Christensen, 2009). It is also shown that the creativity of designs
produced is closely related to the designer’s knowledge of managing and monitoring the
solution generating process (Christiaans & Venselaar, 2005). In addition, design experts
are often involved in designing complex systems and products, which requires cooperation
and group work. Hence a driver for design experts to master group work skills. Therefore,
group work could be a useful and effective approach to support the generation of creative
design outputs for design experts, but might not be effective for design students.

Education implications

Group work offers a series of potential benefits and attractions in higher education, espe-
cially in delivering STEM design programmes. It can help students understand the nature
of collaborative design processes, and fosters sought-after employability skills for future
professional design activities (Qu et al., 2019; Thompson, 2002). Furthermore, the use
of group work could reduce the resources needed, such as staffing and marking effort
(Almond, 2009; Pfaff & Huddleston, 2003), as well as meet the requirements of design
course accreditations (Dowlen, 2019). However, Kim et al. (2008) indicated that design
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team creativity is related to the personal creativity of team members. Individual work can
help students cultivate independent thinking and decision-making abilities, as well as con-
ducting work without depending on others with accompanying ease of assessment. For the
case study concerned, both group work and individual work have their advantages and dis-
advantages, and do not show significant differences in generating creative design outputs.
We thereby suggest a mixed-use of individual work and group work in design education to
foster students with an extended range of skills and abilities, as well as provide different
learning experience.

From the students’ perspective, successful group work could be challenging, as it
requires students to have self-efficacy beliefs to encourage each other to utilise resources
effectively and engage in high-quality group discussions (Bandura, 2001; Chang & Brick-
man, 2018; Wang & Lin, 2007), and appropriate communication styles to organise group
work and cooperate with one another in both monocultural and multicultural group settings
(Marks et al., 2000; Popov et al., 2012). In order to achieve successful individual work,
students need to have the ability to set their own objectives and monitor their own progress,
the responsibility for their own studies, and the willingness to evaluate and reflect their
own learnings (Hockings et al., 2018). In addition to the capabilities and skills required for
group and individual work, students also have differences in their learning styles. Activist,
reflector, pragmatist and theorist are the four basic learning styles (Mumford & Honey,
1992), while each style might lead to different work preferences. For instance, activists
prefer small group discussions and training others but disfavour self-reading, writing and
thinking (Honey & Mumford, 2000), so it might be expected that activists could perform
better in group work than individual work. As a result, there is a need to consider all these
differences among students in project work. Furthermore, Crilly and Morosanu Firth
(2019) indicated that the combination of group work and individual work have creative
advantages. Therefore, integrated approaches that combine both individual and group work
within a single project could also be employed by design educators.

Although creativity has been considered to play a significant role in STEM design edu-
cation, more effort is needed in teaching design creativity to foster creative designers and
design engineers. For instance, design educators could highlight the importance of creativ-
ity in their marking rubrics, by adding more weightings on creative design activities, such
as idea generation and evaluation. In group work-based design projects, educators need to
better manage the groups to avoid the negative impacts caused, which might impair the
groups’ creative abilities. The use of design creativity assessment methods in design edu-
cation is also necessary for supporting students in delivering creative design outputs. How-
ever, design educators should employ creativity assessment methods that are suitable for
students, such as the Comparative Creativity Assessment (CCA) and the Multi-Point Crea-
tivity Assessment (MPCA) (Oman et al., 2013), rather than expert oriented methods, such
as Consensual Assessment Technique (CAT) (Amabile, 1982). In addition, design educa-
tors could also collaborate with design creativity researchers to come up with new tools,
involving computational ones, to support design students in creative design activities, espe-
cially design creativity assessment.

Limitations
While this study compares group work and individual work in producing creative design

outputs, there are a few limitations. First, the study involves 47 valid participants from two
cohorts of students, 32 from the first cohort and 15 from the second cohort, studying the
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Industrial Design programme. The relatively low number of students has led to a limited
number of assignments samples, with 8 group and 15 individual design portfolios from the
first and second cohort, respectively. However, the programme was designed to accommo-
date such a small number of students in each cohort, due to the nature of the programme at
the university. Therefore, a similar case study could be conducted within a STEM design
programme that contains a large cohort size, or even at multiple universities around the
world, to yield a more general and universal result.

Secondly, marking rubrics were used in the study as the instrument to assess the project
assignments as a convention in the university, and to measure the intellectual abilities of
the two cohorts for a fair comparison regarding their creativity performance in the product
development module. However, rubrics have inherent weaknesses in terms of reliability
and validity. Although the marking rubrics used cover a broad range of assessment criteria,
the results obtained could be a function of the rubric chosen. One solution to this issue is
to improve the clarity and appropriateness of the language used, which is suggested by
Reddy and Andrade (2010), for enhancing the validity of the rubric. Another solution is to
employ a different approach, such as comparative judgment and performance test, instead
of using marking rubrics. Such approaches could provide more reliable and valid results
(Pollitt, 2012) regarding the assessment of the students’ knowledge and skills through their
assignments.

Thirdly, certain aspects of the students’ portfolios were removed, such as user research,
idea generation and selection processes, for the creativity assessment to help the experts
focus on evaluating the final designs which involve the presentation of design, the context
of use and engineering considerations. However, this might have removed the insight into
students’ decision makings around novelty versus usefulness, which could have potentially
obscured a level of authenticity and affected the assessments made. Therefore, the whole
portfolio could be provided to experts for creativity assessments in future research. This
would require the experts to affirm stronger commitments to the assessments, as creativity
assessment is a multi-decision making process that is often time-consuming. Alternatively,
another group of experts could be employed to analyse the students’ whole design process
to provide more insights on their creativity performance from the reality and complexity of
designing and innovating.

Conclusion

This paper has explored the use of group and individual work in a STEM product devel-
opment module, with a focus of the impacts on the generation of creative design outputs.
Existing literature presents that group work is an often-used and effective learning strat-
egy in design education. However, few studies have provided empirical evidence indicating
group work outperforms individual work with regards to design creativity. A case study is
thereby conducted to explore whether group work is more beneficial for design creativity
education in comparison with individual work. The empirical results indicate that there are
no significant differences between the design outputs generated by employing group work
and individual work in terms of the novelty, usefulness and overall creativity, respectively.
This shows that whether to employ group work or individual work in design education has
little impact on fostering students in producing creative designs, based on the results of this
study. Further explorations of the relationship between novelty, usefulness, creativity and
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assignment grade indicates that students’ creativity performance is not related to their aca-
demic performance, for the case study concerned.

The outcomes of the research contribute to the body of knowledge in research on design
creativity and design education, which provide evidence for how group work and individ-
ual work impact students’ creative design outputs. It shows that employing group work and
individual work do not affect students’ creative outputs, while group and individual work
have complementary advantages and disadvantages. Thereby, we suggest a mixed-use of
group work and individual work, including the use of integrated approaches combining
individual and group work, in STEM design education rather than using solely group work
or individual work to support students in mastering design creativity knowledge and skills.
In addition, it is also implied that design educators could modify marking rubrics and man-
age groups better to enhance students’ creative outputs. Most importantly, student-oriented
creativity assessment tools, either non-computational or computational ones, need to be
explored and introduced in STEM design modules. The results of this study serve as an
empirical basis for further research on design creativity and are used to indicate recom-
mendations for instruction in STEM design education.
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