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Abstract

Research on empathy has been surging in popularity in the engineering design community
since empathy is known to help designers develop a deeper understanding of the users’
needs. Because of this, the design community has become more invested in devising and
assessing empathic design activities. However, research on empathy has been primarily limited
to individuals, meaning we do not know how it impacts team performance, particularly in the
concept generation and selection stages of the design process. Specifically, it is unknown how
the empathic composition of teams, defined here as the average (elevation) and standard
deviation (diversity) of team members’ empathy, would impact design outcomes during nom-
inal group concept generation and early concept screening. Therefore, the goal of the current
study is to investigate the impact of team empathy on nominal group concept generation and
early concept screening in an engineering design student project. This was accomplished
through a computational simulation of 13,482 teams of non-interacting brainstorming indi-
viduals generated by a statistical bootstrapping technique. This simulation drew upon a design
repository of 806 ideas generated by first-year engineering students. The main findings from the
study indicated that the impact of the elevation and diversity of different components of team
empathy varied depending upon the specific design outcome (number of ideas, overall creativity,
elegance, usefulness, uniqueness) and design stage (concept generation and concept screening).
The results from this study can be used to guide team formation in engineering design.

Introduction

Empathy, or the “reactions of one individual to the observed experiences of another” (Davis,
1983, p. 113), has been viewed as an essential component of the design process. As such, engi-
neering researchers have invested substantial time and attention to studying the impact of
empathic design experiences (Tang, 2018), such as simulating empathy-evoking scenarios
(Raviselvam et al., 2016, 2017), in the engineering design process. However, research on empa-
thy has been primarily limited to individuals, meaning we do not know how empathy impacts
team performance. This is problematic because teamwork is an essential component of engi-
neering design (Carlson and Sullivan, 1999; Freuler et al., 2001; Knight et al., 2007), due to its
ability to promote problem solving (Felder and Silverman, 1988) and improve the exploration
of the solution space (Ball et al., 2001; Stempfle and Badke-Schaub, 2002; Petre, 2004). It is
unknown how the empathic composition of teams, with respect to the average [i.e., elevation
(Neuman et al., 1999)] and standard deviation [i.e., diversity (Neuman et al., 1999)] of team
members’ empathy, would impact design outcomes during nominal group concept generation
and early concept screening. The success and final cost of a product can be linked to the early
conceptual stages of the idea’s emergence (Goldenberg et al., 2001; Viswanathan and Linsey,
2013b); being empathic in those stages could be the gateway to more creative solutions to a
design problem (McGinley and Dong, 2011). However, it is unknown if, when, and how empa-
thy is important in promoting creative design outcomes.

Currently, the engineering design literature provides conflicting interpretations on the role
of empathy in the concept generation stage of the design process. For instance, Genco et al.
(2011) and Johnson et al. (2014) found that simulating empathy-evoking scenarios helped
designers generate ideas that are of high quality (Genco et al., 2011), novelty (Johnson
et al., 2014), and variety (Johnson et al., 2014). However, other researchers have identified a
dark side to empathy, empathic vampirism (Breithaupt, 2018, 2019), where designers’ empathy
would allow them to over-identify with the end-users, resulting in designing for themselves
(Breithaupt, 2018).

https://doi.org/10.1017/S089006042300001X Published online by Cambridge University Press

https://www.cambridge.org/aie
https://doi.org/10.1017/S089006042300001X
mailto:mohammad.alsageralzayed@ku.edu.kw
https://orcid.org/0000-0001-6059-8313
https://doi.org/10.1017/S089006042300001X


The concept generation and concept selection stages of the
design process are generally recognized as important drivers in
the development of creative outcomes (Rietzschel et al., 2006,
2009). For that reason, this work focuses explicitly on these stages.
The reader is referred to Alzayed (2020) for a more detailed dis-
cussion of empathy development across the design process. While
prior work provides conflicting interpretations on the role of
empathy during those stages, it is critical to note that these studies
mostly involve short-form workshops that do not accurately
reflect the timescales of authentic design projects (Sandoval and
Bell, 2004). Notably, most of those studies do not explore the multi-
faced dimensions of creativity. Thus, this paper explores ideation
creativity through the following dimensions: overall creativity, use-
fulness, uniqueness, and elegance (Besemer and O’Quin, 1999).

Additionally, most of the reported studies on empathy have
reported designers’ perceptions of their empathy [e.g., empathic
self-efficacy (Raviselvam et al., 2016, 2017)] toward the end-user.
Studying designers’ perceptions of their empathy might be mis-
leading since designers may be biased to say they were empathic
towards the end-user due to their self-serving bias (Gigliotti and
Buchtel, 1990) or social desirability bias (Fisher, 1993). By study-
ing an individual’s trait empathy, a characteristic of an individual
rather than a self-perception, these biases can be avoided.

When studying an individual’s trait empathy, researchers have
argued for the importance of encompassing both cognitive and
affective components of an engineering designer’s trait empathy
(Surma-aho and Hölttä-Otto, 2022). Specifically, this paper
defines trait empathy through four distinct components: perspec-
tive taking, fantasy, empathic concern, and personal distress.
Specifically, perspective taking measures the ability “to adopt
the perspectives of other people and see things from their point of
view” (Davis, 1980, p. 12); fantasy measures “the tendency to
transpose themselves imaginatively into the feelings and actions
of fictitious characters in books, movies, and plays” (Davis, 1980,
p. 12); empathic concern measures “the degree to which the
respondent experiences feelings of warmth, compassion and con-
cern for the observed individual” (Davis, 1980, p. 12); and personal
distress measures an “individual’s own feelings of fear, apprehen-
sion and discomfort at witnessing the negative experiences of
others” (Davis, 1980, p. 12).

The objective of this paper is to explore the impact of team
trait empathy on nominal group concept generation and early
concept screening in an engineering design student project.
Specifically, nominal group concept generation (see Section
“Teams and simulation studies in engineering design”) is defined
as an activity where designers first generate ideas individually and
then the ideas are pooled together as a team (Van De Van and
Delbecq, 1974; Delbecq et al., 1975; Delp et al., 1977; Horton,
1980). This paper seeks to study the average [elevation (Neuman
et al., 1999)] and standard deviation [diversity (Neuman et al.,
1999)] of team trait empathy and its relation to designers’ genera-
tion and selection of ideas rated high in overall creativity, usefulness,
uniqueness, and elegance (Besemer and O’Quin, 1999). To study
team ideation, this study utilized nominal brainstorming teams.

Prior work by the authors examined the relationship between
empathy and creativity in individual designers (Alzayed et al.,
2021), demonstrating that different design tasks benefit from
unique dimensions of empathy. Specifically, empathic concern
can aid ideation while personal distress harms ideation. In con-
trast, during concept selection, perspective-taking tendencies
positively impacted participants’ propensity for selecting elegant
ideas. The present work continues this line of investigation,

seeking to better understand the dynamics of creativity and empa-
thy in teams. We expect this work to support the development of
AI assistants that are capable of interacting effectively within team
settings. Taken as a whole, this research is one of the first to study
empathy on a team level and provides one of the first evidence on
the empathic composition of engineering design teams. The findings
from this study can be used to guide team formation in design edu-
cation and industry to promote effective design outcomes.

Related work

In order to establish the framework for the current investigation,
this section highlights prior work in (1) the role of empathy in
engineering design and (2) teams in engineering design that
serve as the basis for the current study.

The role of empathy in engineering design

Over the past decade, the design community has become invested
in studying empathy (Lin and Seepersad, 2007; Strobel et al., 2013;
Raviselvam et al., 2017; Surma-aho et al., 2018a, 2018b; Tang,
2018), due to the role of empathy in helping designers better
understand the needs of users who are different from themselves
(Gray et al., 2015; Schmitt and Morkos, 2016), as well as develop-
ing a deeper understanding of a design problem (Walther et al.,
2012). Through semi-structured interviews with engineering stu-
dents, Fila and Hess (2016) found empathy to be related to effec-
tive teamwork, problem contextualization, human-centered
design, and individual design inspiration. While empathy has
been established as an essential component of design (Lin and
Seepersad, 2007; Strobel et al., 2013; Raviselvam et al., 2017;
Surma-aho et al., 2018a, 2018b; Tang, 2018), the effect of empathy
on concept generation and selection is still unclear.

Research in engineering design provides contradictory expla-
nations on the impact of empathy in the concept generation
stage of the design process. Using design effectiveness measures,
researchers have found that empathic design activities helped
designers generate ideas that are of high quality (Genco et al.,
2011), novelty (Johnson et al., 2014), and variety (Johnson
et al., 2014). When compared to briefing student designers on a
scenario, simulating extraordinary user scenarios on visually
impaired users improved designers’ empathic self-efficacy, their
perceived ability to understand and design for the end-user
(Raviselvam et al., 2017). Similarly, van Rijn et al. (2011) explored
the influence of watching a video on the end-user to develop
designers’ empathy for children with autism. By videotaping and
transcribing the team conversations throughout a one-hour design
challenge, they found that the time spent discussing facts about
the users was related to coming up with designs that better fit the
users’ needs, as assessed by five caregivers to autistic children.

Meanwhile, other research has found that empathy could
impede designers from coming up with creative solutions to the
design problem. For example, Mattelmäki et al. (2014) warn
designers about the “empathy trap” (Mattelmäki et al., 2014),
where the designers’ “attempt to be empathic might articulate
popular reflections instead of innovating more radical futures”
(Mattelmäki et al., 2014, p. 73). This can be somewhat analogous
to design fixation, or the “blind and sometimes counter-
productive adherence to a set of ideas or concepts limiting the
output of conceptual design,” (Jansson and Smith, 1991, p. 4)
that has been found to limit the solution space explored by
designers (Viswanathan and Linsey, 2013a). Similarly, Chung
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and Joo (2017) found that designers’ engagement with an empathic
instruction task (watching a video clip about the end-user) harmed
their concept evaluation scores. This impact of empathy has been
framed as a “dark” side to empathy (Chung and Joo, 2017;
Breithaupt, 2019), or empathic vampirism (Breithaupt, 2018),
where the empathizer would see the experiences of the end-user
as a medium of their own experiences (Breithaupt, 2018).

While recent research explored the impact of empathy in con-
cept generation, little is known about the impact of empathy on
early concept selection. Ideas are typically filtered out during
early concept selection in a rapid informal screening process
where ideas are either considered or not considered for further
development (e.g., see Cooper, 1990; Toh and Miller, 2015,
2016a, 2016c, 2019; Starkey et al., 2016). From the ideas selected
for further development, design teams are advised to use formal
concept selection techniques (e.g., Pugh matrix, quality function
deployment, and the analytic hierarchy process) in order to pro-
vide a systemic structure to their decision-making. This early
stage of concept selection (i.e., concept screening) is particularly
important to study since it is believed to be a gatekeeper to crea-
tive ideas from either being selected, and hence have the potential
to be prototyped and developed, or abandoned (Cooper, 1990).

Studying the relationship between empathy and creative design
outcomes solely during concept generation is limiting, as generat-
ing creative ideas does not necessarily guarantee the final design’s
creativity (Rietzschel et al., 2009, 2010). Indeed, research has iden-
tified that decision-making biases can impact designers’ prefer-
ences for creativity during concept selection (Toh and Miller,
2016c, 2019), and thus research on the relationship between
empathy and creativity during both concept generation and selec-
tion is warranted.

Additionally, research has found that a designer’s creativity and
empathy during the concept generation stage varies based on the
designer’s personal connection with the end-user (Raviselvam
et al., 2017) as well as the nature of the design task (Starkey et al.,
2016). For example, Starkey et al. (2016) reported that the design
problem impacted the novelty and quality of the designs generated
by student designers. Similarly, Hess and Fila (2016) found that the
context of the design problem impacted the empathic techniques
utilized by designers in the design process. This line of research
highlighted the role of the design problem in impacting empathy
and creativity, which this work controlled for.

Taken as a whole, prior research in engineering design pro-
vides a conflicting discussion on the role of empathy in design
processes. Therefore, this study investigated the role of empathy
in nominal group concept generation and early concept screening
to understand if, when, and how empathy is important to
teams in the design process.

Teams and simulation studies in engineering design

While the previous section discussed the role of empathy in engi-
neering design, most of this prior work has focused on individual
designers. This is problematic because design activities are typi-
cally deployed in teams (Carlson and Sullivan, 1999; Freuler
et al., 2001; Knight et al., 2007), as teamwork promotes promote
peer learning (Springer et al., 1999), problem solving (Felder and
Silverman, 1988), and improves the exploration of the solution
space (Ball et al., 2001; Stempfle and Badke-Schaub, 2002; Petre,
2004). Studying teams is important in the context of empathy
research because prior research has primarily related empathy
with team performance in a business setting (Rapisarda, 2002).

For example, in a study of senior multimedia students, empathy
was found to be a critical component of successful teams as higher
levels of empathy enabled students to deter conflict and establish
team harmony (Luca and Tarricone, 2001). Meanwhile, in a study
on 97 organizational teams, high empathic concern was negatively
related to productivity (Ayoko et al., 2008). Finally, in engineering
design, empathy was perceived by engineering students as being a
stimulant for team social harmony (Fila and Hess, 2016). While
the role of empathy has been studied in terms of influencing success-
ful team outcomes (Luca and Tarricone, 2001; Rapisarda, 2002;
Ayoko et al., 2008; Fila and Hess, 2016), the role of the empathic
nature of team members in the concept generation and selection
stages of the design process has been scarcely studied in engineering
design research. Without this knowledge, it is not known if, when, or
how team empathy is important in promoting design outcomes.

Here, we define a team’s empathic composition as the combi-
nation of their empathy elevation, the average empathy level of the
team, and empathy diversity (Neuman et al., 1999), the standard
deviation in teams’ empathy. Specifically, empathy diversity refers
to the amount of empathic gap present in a team; for example,
high empathy diversity would mean that there’s a large empathy
gap between team members. Meanwhile, empathy elevation is the
average empathy present in a team – high empathy elevation
would mean that the team is high in empathy on average while
low empathy diversity means that a team is low in empathy on
average. For example, Figure 1 illustrates the calculation of team
empathy and diversity for two teams. The team to the left has a
higher empathy elevation (average) and a lower empathy diversity
(standard deviation) compared to the team to the right.

Computing the average and standard deviation of individual
attributes to represent team-level constructs is typical in personal-
ity research (e.g., Neuman et al., 1999; Mohammed and Angell,
2003; Reilly et al., 2001), and has been utilized in previous
research in engineering design (Toh and Miller, 2016b). While
defining a team’s empathic composition in this way may seem
obvious, there is no research to date that has empirically assessed
the relation of this construct to design outcomes.

One of the challenges of conducting research on teams is the
potential cost and time associated with such experimental studies
(Alzayed et al., 2018, 2019). Because of such challenges, engineer-
ing design researchers have turned their attention to utilizing
computational simulations of problem-solving teams in lieu of
user studies (McComb et al., 2015, 2017; Alzayed et al., 2018,
2019; Maier et al., 2019). In these simulation-based studies,
researchers sometimes model nominal groups (McComb et al.,
2017; Alzayed et al., 2019; Maier et al., 2019). In nominal groups,
individuals work independently and pool their solutions together
near task completion. In brainstorming, this means that indi-
viduals first come up with their own ideas rather than generate
them as a group (Van De Van and Delbecq, 1974; Delbecq
et al., 1975; Delp et al., 1977; Horton, 1980). This approach is
considered a best practice for concept generation and has been
shown to help foster input from all team members (Van De
Van and Delbecq, 1974; Delbecq et al., 1975; Delp et al., 1977;
Horton, 1980; Mullen et al., 1991), and increase productivity
(Mullen et al., 1991; Paulus and Dzindolet, 1993), particularly
during the concept generation (Linsey et al., 2011). In engineering
design, the nominal group technique has been shown to be more
effective in producing novel ideas than traditional brainstorming
methods (Lewis et al., 1975). When compared to facilitated
group brainstorming, Oxley et al. (1996) found that student
designers brainstorming in nominal groups can generate as
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many ideas as the students utilizing the facilitated group brain-
storming technique while both techniques are superior to the
interactive brainstorming technique. In support of nominal
groups, Paulus and Dzindolet (1993) found that nominal groups,
composed of four individuals, are four times as productive as
interactive groups, also composed of four individuals.

Since nominal groups involve non-interacting individuals
(Van De Van and Delbecq, 1974; Delbecq et al., 1975; Delp
et al., 1977; Horton, 1980), engineering design researchers have
used datasets from human subject studies of individuals to com-
putationally simulate a large set of nominal teams (McComb
et al., 2017; Alzayed et al., 2018, 2019; Maier et al., 2019) which
helps to mitigate the costs and efforts of large-scale data collection
(Alzayed et al., 2018, 2019). In these simulations, researchers com-
bine different combinations of all individuals to get every combina-
tion with replacement (McComb et al., 2015, 2017). This technique
closely relates to the statistical bootstrapping technique, a technique
that involves “re-sampling the data with replacement many times to
get an empirical estimate of the entire sampling distribution”
(Mooney et al., 1993, p. 1). This method has been employed by
Wright (2007) to create nominal groups in a prior study. These
computational simulations have also been found to successfully
emulate human team behavior (McComb et al., 2017).

Some of the limitations of these simulation-based studies are
that team members might not be aware of their team membership
since the simulation does not account for social effects [e.g., social
loafing (Mullen et al., 1991) and free-riding (Hall and Buzwell,
2013)] and thus may fail to capture the full context and dynamics
of teams (Williges et al., 1966). However, prior research success-
fully implemented the use of nominal teams of problem-solving
individuals in engineering design and validated the simulation
study results with a representative population (McComb et al.,
2017). While this type of simulation-based research on nominal
teams provides a clear means to studying the performance of
engineering design teams (McComb et al., 2017; Alzayed et al.,
2018, 2019; Maier et al., 2019), it is still unknown how the

empathic composition of design teams impacts concept genera-
tion and selection. Therefore, this paper studied the role of the
empathic nature of teams on design outcomes during nominal
group concept generation and early concept selection.

Research objectives

Based on this prior work, the objective of this paper is to explore
the impact of team empathy on nominal group concept genera-
tion and early concept selection. This paper sought to study the
elevation [average (Neuman et al., 1999)] and diversity [standard
deviation (Neuman et al., 1999)] of team trait empathy, see
Figure 2. Specifically, the paper was developed to answer the fol-
lowing research questions (RQ):

• RQ1: Can the elevation and/or diversity of team trait empathy
be used to predict the number of ideas generated by a team?

• RQ2: Can the elevation and/or diversity of team trait empathy
be used to predict a team’s ability to generate creative ideas?

• RQ3: Can the elevation and/or diversity of team empathy be
used to predict a team’s propensity for selecting creative ideas?

We hypothesized that team trait empathy elevation would be
positively related to team creative concept generation and selec-
tion due to prior work with engineering graduate students
which found that trait empathy was related to their innovative
self-efficacy (Surma-aho et al., 2018b). It was also hypothesized
that team empathy diversity would be positively related to the
number of ideas generated since prior research has reported
that diversity could be a mediator to successful team outcomes
(Duncan et al., 2003; Roberge, 2013).

Methodology

The dataset used for the current study was derived from a design
repository of 806 ideas generated by first-year engineering

Figure 1. Sample calculation of empathy elevation and diversity for two simulated teams; the team to the left is high in empathy elevation but low in diversity
while the team to the right is high in empathy diversity but low in empathy elevation.
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students that were involved in an 8-week design project (Alzayed
et al., 2020a, 2020b). Specifically, 103 first-year engineering design
students (73 men and 30 women) from four different sections of
a cornerstone engineering course participated in an 8-week design
project that focused on “ensuring healthy lives and promoting well-
being for all at all ages” (Edition, 2019, p. 8). Teams were asked to
select between the following challenges: (1) lack of safe water, sani-
tation, and hygiene services, (2) access to vaccinations, (3) indoor
and ambient air pollution, and (4) road traffic injuries (Alzayed,
2019; Alzayed et al., 2020a, 2021), see “Problem Statements –
Sustainable Development Goal 3” (2020) for the complete problem
statements. While teams were allowed to select from these four
design challenges, the design context of these challenges was differ-
ent across the course sections; two of the sections focused on
designing for the developed world (n = 50 participants) while the
remaining two sections focused on designing for the developing
world (n = 53 participants), see Alzayed (2019) and Alzayed et al.
(2020a, 2021) for more details on the experimental setup (Figure 3).

Prior to starting the project, informed consent was obtained
according to the Institutional Review Board guidelines, and

participants’ demographics were collected. In weeks 1–2, the par-
ticipants were asked to conduct extreme user research, formulate a
problem statement, and create an empathy map. During week 4,
participants were involved in an individual brainstorming session
where they were asked to individually generate ideas for 20 min.
During week 5, participants were involved in a concept selection
activity where they were individually asked to select from the ideas
they generated during week 4 using a concept screening matrix
(Alzayed et al., 2020a, 2021). After the concept generation and
selection activities, in weeks 4 and 5, respectively, participants
completed a 28-item survey that measured their trait empathy
(see Section “Data collection instruments and metrics”).

The dataset from the previous study (Alzayed, 2019; Alzayed
et al., 2020a, 2021) was used to run a computational simulation
of 13,482 nominal brainstorming teams, where individuals first
generate ideas individually and then the ideas are pooled together
as a team (Van De Van and Delbecq, 1974; Delbecq et al., 1975;
Delp et al., 1977; Horton, 1980). Specifically, the aim of the simu-
lation was to study the role of team empathy on concept genera-
tion and selection. In this work, we arrange team members in

Figure 2. Research questions investigated in this study.

Figure 3. Timeline of the project.
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computationally simulated nominal groups, meaning that there is no
direct interaction between the simulated team members. This is not
intended to emulate nominal group technique (Van De Van and
Delbecq, 1974; Delbecq et al., 1975; Delp et al., 1977; Horton,
1980), but to study nominal groups in a more general sense. Our
simulation closely aligns with many nominal brainstorming sessions,
in which participants ideate separately and then pool their solutions.
Our simulation of concept selection departs somewhat from com-
mon practice, and best represents early concept selection, during
which members of the team conduct individual screening prior to
more collaborative concept selection. The remainder of this section
highlights the collected data and the simulation procedure.

Data collection instruments and metrics

In order to explore the factors critical to achieving the research
objectives, the following instruments were used:

Trait empathy
Participants’ trait empathy was measured using the interpersonal
reactivity index (IRI; Davis, 1980), a 28-item survey answered on a
5-point Likert scale ranging from “does not describe me well” to
“describes me very well.” This instrument was utilized in prior
research in assessing the empathic tendencies of engineering students
(Hess et al., 2015; Hess et al., 2016; Surma-aho et al., 2018b). The IRI
includes the following four subscales, each made up of seven differ-
ent items: perspective taking, fantasy, empathic concern, and personal
distress. For example, a survey item in empathic concern is “Other
people’s misfortunes do not usually disturb me a great deal.”
Davis’ approach to measuring trait empathy is one of the few mea-
sures in the literature that encompasses both cognitive and affective
components of empathy (Duan and Hill, 1996). In engineering
design, Hess and Fila (2016) argue that both components are needed
to help designers better understand the end-user needs.

The four subscales of the IRI have been validated in previous
work to be distinct from each other (Davis, 1983). The instrument
has been implemented to assess individuals’ empathic tendencies
(Péloquin and Lafontaine, 2010; Gilet et al., 2013), including engi-
neering students (Hess et al., 2016; Surma-aho et al., 2018b). For
internal reliability purposes, Cronbach alpha values were calcu-
lated for each subscale for the two time points (concept genera-
tion and concept selection) of the data collection. A high
Cronbach’s α (Cronbach, 1951) was observed for fantasy (concept
generation, α = 0.83, concept selection α = 0.91), perspective-
taking (concept generation, α = 0.78, concept selection α = 0.82),
empathic concern (concept generation, α = 0.80, concept selection
α = 0.80), and personal distress (concept generation, α = 0.83,
concept selection α = 0.85).

To measure trait empathy for each of the 13,482 simulated
teams, both team empathy elevation and team empathy diversity
were considered. Team empathy elevation takes the average across
all team members’ trait empathy scores for each subscale (fantasy,
personal distress, perspective-taking, and empathic concern)
while team empathy diversity takes the standard deviation in
team members’ trait empathy scores for each subscale. Studying
both the team’s elevation and diversity is important since pre-
vious research has found that both of those metrics predicted
team performance in engineering (Devlin et al., 2018).

Consensual assessment technique (CAT)
The consensual assessment technique (Amabile, 1989) was used
to assess the effectiveness of the ideas generated by the 103

participants. This technique has been used in prior research in
engineering design (Christiaans and Venselaar, 2005; Nikander
et al., 2014) and has been identified as a global measure of crea-
tivity (Fischer, 2013; Cseh and Jeffries, 2019). The CAT defines that
an idea is creative when judges independently agree that it as crea-
tive (Amabile, 1982). Using a 6-point Likert Scale, the ideas were
rated on the following criteria: overall creativity, usefulness, unique-
ness, and elegance (Besemer and O’Quin, 1999). Specifically, (1)
overall creativity relates to experts’ judgement of the overall creativ-
ity of an idea, (2) uniqueness relates to overall perceptions of how
original and surprising the idea was (Besemer and O’Quin, 1999),
(3) usefulness relates to the overall perceptions of value, logic, and
how understandable the ideas were, while (4) elegance refers to the
idea’s “simplicity, insight shown, and conciseness of [the idea’s]
presentation” (Besemer and O’Quin, 1999, p. 288). The four
metrics have been previously used in design research to assess idea-
tion effectiveness (Klein et al., 2006; Buelin-Biesecker and Wiebe,
2013; Sinha et al., 2017; Cseh and Jeffries, 2019; Prabhu et al.,
2018; Zheng and Miller, 2019). Additionally, we asked the raters
to rate the drawing abilities possessed by each idea to control for
that factor, since the drawing abilities have been found to influence
ratings of creativity (Chan and Chan, 2007).

The CAT method uses experts to rate 20% of the complete idea
set to provide a training set for quasi-experts to rate the remaining
set based on the experts’ mindset in rating the ideas (Kaufman
and Baer, 2012; Cseh and Jeffries, 2019). Two faculty members
experienced in engineering design research independently rated
20% of the ideas. The two experts have more than 3 years of expe-
rience in facilitating user-centered engineering design projects
and have conducted similar humanitarian engineering projects
for at least two semesters. Additionally, two quasi-experts (PhD
candidate and third-year undergraduate student, both studying
Industrial Engineering) independently rated the 20% overlap of
ideas to ensure agreement with the expert judges (Landis and
Koch, 1977). The average of the quasi-experts’ ratings had high
agreement (α > 0.75) (Koo and Li, 2016) on each of the five
metrics. Once inter-rater reliability was achieved, the two
quasi-experts rated the remaining 80% of the ideas independently
and high inter-rater reliability (α > 0.75) (Koo and Li, 2016) was
achieved between the two quasi-expert raters for each of the five
metrics. An average of the scores from the two quasi-expert raters
was calculated for each metric (overall creativity, elegance, useful-
ness, uniqueness, and drawing abilities), as per recommendations
by Silvia (2011). To obtain a score on overall creativity, unique-
ness, usefulness, elegance, and drawing abilities for each simulated
team, an average score across all team members is taken for each
of the three metrics, see Figures 4–6 for examples of ratings.

Propensity for selecting creative ideas
To assess simulated teams’ propensity for selecting creative con-
cepts, we used the propensity toward creative concept selection
metric, PC (Toh and Miller, 2015), a metric that has been used in
engineering design research (Toh and Miller, 2015, 2016b; Zheng
et al., 2018). Specifically, PC measures the “… tendency towards
selecting (or filtering) creative concepts during the concept selection
process” (Toh and Miller, 2015, p. 118). For instance, the formula to
calculate participants’ propensity toward selecting unique concepts
(PUniqueness) can be summarized as the following:

PUniqueness = average uniqueness of selected concepts
average uniqueness of generated concepts

.
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Similarly, an individual’s propensity toward concept selection
of ideas rated high in (1) overall creativity, (2) usefulness, (3) ele-
gance, and (4) drawing abilities was also assessed in the same
manner. An individual can receive a value (PUniqueness) greater
than 1 if the average uniqueness of the selected ideas is higher
than the average uniqueness of the available ideas, indicating a
propensity for selecting unique ideas. Meanwhile, a value on
PUniqueness that is less than 1 indicated an aversion for selecting
unique concepts (Toh and Miller, 2015). Toh and Miller’s
paper (Toh and Miller, 2015) provides further details on the

scoring methodology. To obtain POverall Creativity, PUniqueness,
PUsefulness, PElegance, and PDrawing abilities scores for each simulated
team, an average score across all team members is taken for each
of the four metrics.

It is important to note this work did not directly simulate team
decision-making behavior. Rather, the average concept selection
characteristics of composed teams were assessed (i.e., scores
from the propensity for selection of creative ideas of individual
team members were averaged to achieve a team assessment).
This aligns with early stages of team concept selection, during

Figure 4. An example of an idea from participant
22 that scored 4 on overall creativity, 1 on useful-
ness, 5.5 on uniqueness, 1 on elegance, and 4 on
drawing abilities.

Figure 5. An example of an idea from participant 91 that scored 4 on overall crea-
tivity, 4 on usefulness, 5 on uniqueness, 5 on elegance, and 4 on drawing abilities.

Figure 6. An example of an idea from participant 8 that scored 1 on overall
creativity, 1 on usefulness, 1 on uniqueness, 1 on elegance, and 1 on drawing
abilities.
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which individuals may conduct independent downselection on a
large set of ideas before coming together as a team to perform
more detailed and rigorous concept selection.

Simulation procedure

Since user studies are time-consuming and potentially costly, a
computational simulation was used in the current study. Prior
work has shown that computational simulations are an effective
means of exploring characteristics of human teams (McComb
et al., 2015, 2017). For instance, computational simulations have
been used to successfully generate nominal problem-solving
teams (McComb et al., 2017). The simulation model used in
this study involved the use of nominal brainstorming teams,
where individuals first generate ideas individually and then the
ideas are pooled together as a team (Van De Van and Delbecq,
1974; Delbecq et al., 1975; Delp et al., 1977; Horton, 1980).

During concept generation, our simulation methodology accu-
rately simulates the results of a nominal group that brainstorms
separately and then pools ideas. The CAT was applied indepen-
dently to each idea, thus enabling average characteristics to be
computed for the combined idea sets of individual teams.
During concept selection, our simulation methodology simulates
“early concept selection” during which team members individu-
ally perform some concept selection (after which they would
work together on a combined pool of down-selected ideas).
Since we average POverall Creativity scores within simulated teams,
these aggregate values are indicative of the team’s overall propen-
sity for selecting creative ideas that would make it to the later col-
laborative session.

The dataset for the simulation was derived from a design repo-
sitory of 806 ideas generated by first-year engineering students
that were involved in an 8-week design project (Alzayed et al.,
2020a, 2021). Specifically, from the 103 participants, four-person
teams were simulated. The simulation setup controlled for
instructor, design context, and design problem. In other words,
participants from different design problems, contexts, or instruc-
tors were not mixed in the same team, see Table 1 for a summary
of the 13,482 possible team combinations included in the

simulation. Each of the nine team types in Table 1 included dif-
ferent combinations of all participants to get every combination
with replacement; a similar methodology has been implemented
by engineering design researchers to generate nominal
problem-solving teams in previous studies (McComb et al.,
2017; Alzayed et al., 2018, 2019; Maier et al., 2019). This tech-
nique closely relates to the statistical bootstrapping technique
(Mooney et al., 1993) which has been employed by Wright
(2007) to create nominal groups, see Figure 7 for an example of
a computational simulation.

Data analysis and results

In order to answer the research questions, statistical analyses were
computed using SPSS 25.0, and a significance level of 0.05 was
used in all analyses. The results are presented as mean ± one stan-
dard deviation (SD) unless otherwise denoted. In addition, effect
sizes were calculated and reported according to Cohen (1988).
Finally, as a reminder, elevation relates to the average scores of
the team (Neuman et al., 1999) while diversity relates to the stan-
dard deviation of the team (Neuman et al., 1999) for each attrib-
ute. Notably, IRI scores from week 4 – survey taken after concept
generation – were used for any statistical models involving con-
cept generation (RQ1 and RQ2) – and IRI scores from week 5
– survey taken after concept selection – were used for any statis-
tical models involving concept selection (RQ3).

Prior to the analysis, statistical assumptions were checked. The
results showed linearity of the independent variables as assessed
by partial regression plots and a plot of studentized residuals
against the predicted values. Visual inspection of a plot of studen-
tized residuals revealed that the assumption of homoscedasticity
was met. There was no multicollinearity in the independent vari-
ables, as assessed by tolerance values greater than 0.1 (Fox, 1991).
As assessed by the studentized deleted residuals greater than ±3
standard deviations, there were outliers in all of the dependent
variables. The outliers were found to have no significant impact
on the significance of the results, and therefore, the full analyses
is presented in all three RQs. Additionally, there were no leverage
values greater than 0.2 (Huber, 1981), and no values for Cook’s

Table 1. Number of possible simulated teams

Team type Course instructor Problem Design context Number of participants Number of teams

1 A 1 Developed 22 7315

– B Developing 0 –

2 C 19 3876

3 A 2 Developed 7 35

– B Developing 0 –

– C 0 –

4 A 3 Developed 13 715

5 B Developing 15 1365

6 C 7 35

7 A 4 Developed 8 70

8 B Developing 8 70

9 C 4 1

Total 13,482
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distance above 1 (Cook and Weisberg, 1982). Finally, normality
was confirmed by visually inspecting the histograms and Q–Q
plots. Based on these results, the analyses proceeded as planned
for all RQs.

RQ1: Can the elevation and/or diversity of team trait empathy
be used to predict the number of ideas generated by a team?

The first research question was devised to assess the impact of
trait empathy elevation and diversity on the number of ideas gen-
erated by simulated teams. Based on prior research (Duncan et al.,
2003; Roberge, 2013; Surma-aho et al., 2018b), we hypothesized
that trait empathy would be positively related to the number of
ideas generated by a team. To answer this research question, a
hierarchical regression models was computed with the dependent
variables being the number of ideas generated by each team. In
addition, since the design context, design problem, and course
instructor have been shown to influence creativity (Alzayed
et al., 2020a, 2021), we controlled for these factors as they were
not the focus of the current investigation. To account for this,
the independent variables were entered in two blocks: (i) design
context (developing, developed), course instructor, and design
problem and (ii) team empathy elevation and team empathy
diversity. A visual schematic of the hierarchical regression analy-
ses used for this RQ is shown in Figure 8.

The results from the hierarchical regression model showed
that the design context and problem, and the course instructor,
significantly predicted number of ideas, R2 = 0.287, F (4,13481) =
1804.75, P < 0.01, which is considered a medium effect. The addi-
tion of trait empathy (fantasy, perspective-taking, personal dis-
tress, and empathic concern) elevation and diversity to this
model also led to a statistically significant model F (12, 13481)
= 731.82, P < 0.01, with an R2 change of 0.087. Specifically, simu-
lated teams’ elevation in personal distress and fantasy positively
impacted the number of the ideas generated, while the elevation
in empathic concern and perspective-taking negatively impacted
the number of ideas generated. Meanwhile, the diversity in per-
sonal distress had a positive impact on the number of ideas gen-
erated while the diversity in perspective-taking negatively

impacted the number of generated ideas; the diversity in fantasy
and empathic concern had no significant impact.

The findings from this research question partially support our
hypothesis that trait empathy positively impacted the number of
ideas generated during concept generation. This finding is
congruent to the discussion in the literature that note the varying
points of view on the role of empathy (Genco et al., 2011; Johnson
et al., 2014; Breithaupt, 2019), whereby we find evidence that
supports the notion that the influence of the elevation and diver-
sity of empathy differs among the different empathic tendencies
(perspective-taking, fantasy, empathic concern, and personal
distress).

RQ2: Can the elevation and/or diversity of team trait empathy
be used to predict a team’s ability to generate creative ideas?

The second research question was devised to assess whether the
elevation and diversity of simulated teams’ trait empathy pre-
dicted their ability to generate overall creative, elegant, useful, or
unique ideas. Based on prior research (Duncan et al., 2003;
Roberge, 2013; Surma-aho et al., 2018b), we hypothesized that
team trait empathy elevation and diversity would be positively
related to the generation of overall creative, elegant, useful, or
unique ideas. To answer this research question, four hierarchical
regression models were computed with the dependent variables
being the average overall creativity, average elegance, average use-
fulness, and average uniqueness of the teams’ generated ideas. In
addition, since the design context, design problem, and course
instructor have been shown to influence creativity (Alzayed
et al., 2020a, 2021), we controlled for these factors as they were
not the focus of the current investigation. Additionally, we con-
trolled for the drawing abilities of each simulated team as the
drawing abilities have been found to influence ratings of creativity.
To account for this, the independent variables were entered in two
blocks: (i) teams’ average drawing abilities, design context (devel-
oping, developed), course instructor, and design problem and (ii)
team empathy elevation and team empathy diversity. A visual
schematic of the hierarchical regression analyses used for this
RQ is shown in Figure 9.

Figure 7. An example of all possible computationally simulated teams from six individuals.
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The results from the first hierarchical regression model showed
that team drawing abilities, design context and problem, as well as
the course instructor, significantly predicted the average overall
creativity of the ideas generated by simulated teams, R2 = 0.346,
F (4, 13481) = 1781.482, P < 0.01, which is considered a medium
effect. The addition of team empathy elevation and team empathy
diversity to this model also led to a statistically significant model
F (12, 13481) = 675.714, P < 0.01, with an R2 change of 0.030, see
Figure 10 for a summary of the contributing factors and the
Appendix for summary statistics of the regression model.
Specifically, simulated teams’ elevation in fantasy, perspective-
taking, personal distress, and empathic concern positively
impacted the average overall creativity of the ideas generated.
Meanwhile, the diversity in personal distress and perspective-
taking negatively impacted the overall creativity of teams’ ideas,
while the diversity in fantasy and empathic concern had no signif-
icant impact.

While the first regression model investigated the role of team
empathy elevation and diversity on the average overall creativity
of ideas, the second hierarchical regression model investigated
the role of trait empathy elevation and diversity on the average
elegance of generated ideas. The results from the second hierar-
chical regression model showed that the team drawing abilities,
design context and problem, as well as the course instructor,
significantly predicted the average elegance of the ideas generated
by simulated teams, R2 = 0.169, F (4, 13481) = 686.290, P < 0.01,
which is considered a small effect. The addition of the team
empathy elevation and diversity to this model also led to a statis-
tically significant model, F (12, 13481) = 292.083, P < 0.01, with
an R2 change of 0.037, see Figure 10 for a summary of the con-
tributing factors and the Appendix for summary statistics of the
regression model. Specifically, simulated teams’ elevation in
empathic concern positively impacted the average elegance of the
ideas generated while fantasy, perspective-taking, and personal

Figure 8. Schematic representation of the two-step hierarchical regression model for RQ1.

Figure 9. Schematic representation of the two-step hierarchical regression model for RQ2 and RQ3.
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distress had a negative impact. Meanwhile, the diversity in per-
sonal distress and perspective-taking positively impacted the ele-
gance of teams’ ideas, while the diversity in fantasy and empathic
concern had no significant impact.

The third hierarchical regression model investigated the role of
trait empathy elevation and diversity on the average usefulness of
generated ideas. The results from the third hierarchical regression
model showed that the design context and problem, as well as the
course instructor, significantly predicted the average usefulness of
the ideas generated by simulated teams, R2 = 0.281, F (4, 13481) =
1315.951, P < 0.01, which is considered a medium effect. The
addition of team empathy elevation and diversity to this model
also led to a statistically significant model, F (12, 13481) =
576.999, P < 0.01, with an R2 change of 0.059, see Figure 10 for
a summary of the contributing factors and the Appendix for sum-
mary statistics of the regression model. Specifically, simulated
teams’ elevation in empathic concern positively impacted the
average usefulness of the ideas generated while fantasy,
perspective-taking, and personal distress had a negative impact.
Meanwhile, the diversity in personal distress positively impacted
the usefulness of teams’ ideas, while the diversity in empathic
concern had a negative impact; fantasy and perspective-taking
had no impact on the usefulness of teams’ ideas.

Finally, the results from the fourth hierarchical regression
model showed that team drawing abilities, design context and
problem, as well as the course instructor, significantly predicted
the average uniqueness of the ideas generated by simulated
teams, R2 = 0.522, F (4, 13481) = 3680.821, P < 0.01, which is con-
sidered a large effect. The addition of team empathy elevation and
team empathy diversity to this model also led to a statistically sig-
nificant model F (12, 13481) = 1346.902, P < 0.01, with an R2

change of 0.023, see Figure 10 for a summary of the contributing
factors and the Appendix for summary statistics of the regression
model. Specifically, simulated teams’ elevation in fantasy,
perspective-taking, and personal distress positively impacted the
average uniqueness generated by teams, while empathic concern

had no significant impact. Meanwhile, the diversity in fantasy
and perspective-taking positively impacted the uniqueness of
teams’ ideas, while the diversity in personal distress and empathic
concern had an opposite effect. The effect size of the overall
model was considered large.

The results from this research question partially support our
hypothesis that team empathy elevation positively predicted simu-
lated teams’ ability to generate overall creative, elegant, useful, or
unique ideas. These results are in similar in nature to the results
from RQ1, whereby the influence of the elevation and diversity of
empathy on creative concept generations differs amongst the dif-
ferent empathic tendencies (perspective-taking, fantasy, empathic
concern, and personal distress). These results highlight the com-
plicated nature of empathy in design and call against a one-size
fits all view of empathy in design.

RQ3: Can the elevation and/or diversity of team empathy be
used to predict a team’s propensity for selecting creative
ideas?

The third research question was devised to assess whether the ele-
vation and diversity of simulated teams’ trait empathy predicted
their selection of overall creative, elegant, useful, or unique
ideas. Based on prior research (Duncan et al., 2003; Roberge,
2013; Surma-aho et al., 2018b), we hypothesized that team trait
empathy elevation and diversity would be positively related to
the selection of overall creative, elegant, useful, and unique
ideas. To answer this research question, four hierarchical regres-
sion models were computed with the dependent variables being
the teams’ propensity for selecting (1) overall creative, elegant,
(2) useful, and (3) unique ideas. In addition, since the design con-
text, design problem, and course instructor have been shown to
influence creativity (Alzayed et al., 2020a, 2021), we controlled
for these factors as they were not the focus of the current investi-
gation. Additionally, we controlled for teams’ propensity for
selecting ideas that are rated high in drawing abilities since a

Figure 10. Standardized beta coefficients of the predictors from the four regression models displaying the relationship between the average overall creativity, ele-
gance, usefulness, uniqueness of generated ideas and fantasy, personal distress, perspective-taking, and empathic concern (1) elevation and (2) diversity.
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preliminary analysis found that it had an impact on teams’ pro-
pensity for selecting overall creative, elegant, useful, or unique
ideas. To account for this, the independent variables were entered
in two blocks: (i) teams’ propensity for selecting ideas rated high
in drawing abilities, design context (developing, developed),
course instructor, and design problem and (ii) team empathy
elevation and team empathy diversity. A visual schematic of the
hierarchical regression analyses used for this RQ is shown in
Figure 9.

The results from the first hierarchical regression model showed
that team’s propensity for selecting ideas rated high in drawing
abilities, design context and problem, as well as the course
instructor, significantly predicted simulated teams’ propensity
for selecting overall creative ideas, R2 = 0.154, F (4, 13480) =
614.180, P < 0.01, which is considered a medium effect. The addi-
tion of team empathy elevation and team empathy diversity to
this model also led to a statistically significant model F (12,
13480) = 259.460, P < 0.01, with an R2 change of 0.034, see
Figure 11 for a summary of the contributing factors and the
Appendix for summary statistics of the regression model.
Specifically, simulated teams’ elevation in empathic concern posi-
tively impacted the propensity for selecting overall creative ideas
while fantasy, perspective-taking, and personal distress had a
negative impact. Meanwhile, the diversity in fantasy positively
impacted the propensity for selecting overall creative ideas,
while the diversity in personal distress and empathic concern
had a negative impact; the diversity in perspective-taking had
no significant impact.

While the first regression model investigated the role of team
empathy elevation and diversity on the propensity for selecting
overall creative ideas, the second hierarchical regression model
investigated the role of team empathy elevation and diversity
on the propensity for selecting elegant ideas. The results from

the second hierarchical regression model showed that team’s
propensity for selecting ideas rated high in drawing abilities,
design context and problem, as well as the course instructor,
significantly predicted simulated teams’ propensity for selecting
elegant ideas, R2 = 0.193, F (4, 13480) = 803.391, P < 0.01, which
is considered a small effect. The addition of team empathy
elevation and team empathy diversity to this model also led to
a statistically significant model F (12, 13480) = 443.401, P < 0.01,
with an R2 change of 0.090, see Figure 11 for a summary
of the contributing factors and the Appendix for summary
statistics of the regression model. Specifically, simulated teams’
elevation in personal distress and perspective-taking positively
impacted the propensity for selecting elegant ideas while the
elevation in fantasy and empathic concern had a negative impact.
Meanwhile, the diversity in fantasy and empathic concern
positively impacted the propensity for selecting elegant ideas,
while the diversity in personal distress and perspective-taking
had a negative impact. The effect size of the overall model was
considered medium.

The third hierarchical regression model investigated the role of
team empathy elevation and diversity on the propensity for select-
ing useful ideas. The results from the third hierarchical regression
model showed that team’s propensity for selecting ideas rated
high in drawing abilities, design context and problem, as well as
the course instructor, significantly predicted simulated teams’
propensity for selecting useful ideas, R2 = 0.163, F (4, 13480) =
654.098, P < 0.01, which is considered a small effect. The addition
of team empathy elevation and team empathy diversity to this
model also led to a statistically significant model F (12, 13480)
= 395.137, P < 0.01, with an R2 change of 0.097, see Figure 11
for a summary of the contributing factors and the Appendix for
summary statistics of the regression model. Specifically, simulated
teams’ elevation in personal distress and perspective-taking

Figure 11. Standardized beta coefficients of the predictors from the four regression models displaying the relationship between the propensity for selecting overall
creative, elegant, useful, and unique ideas and fantasy, personal distress, perspective-taking, and empathic concern (1) elevation and (2) diversity.
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positively impacted the propensity for selecting useful ideas while
the elevation in fantasy and empathic concern had a negative
impact. Meanwhile, the diversity in fantasy and empathic concern
positively impacted the propensity for selecting useful ideas, while
the diversity in personal distress and personal distress had a
negative impact. The effect size of the overall model was consid-
ered medium.

Finally, the fourth hierarchical regression model investigated
the role of team empathy elevation and diversity on the propen-
sity for selecting unique ideas. The results from the fourth hierar-
chical regression model showed that team’s propensity for
selecting ideas rated high in drawing abilities, design context
and problem, as well as the course instructor, significantly pre-
dicted simulated teams’ propensity for selecting unique ideas,
R2 = 0.198, F (4, 13480) = 829.690, P < 0.01, which is considered
a small effect. The addition of team empathy elevation and
team empathy diversity to this model also led to a statistically sig-
nificant model F (12, 13480) = 519.387, P < 0.01, with an R2

change of 0.118, see Figure 11 for a summary of the contributing
factors and the Appendix for summary statistics of the regression
model. Specifically, simulated teams’ elevation in empathic con-
cern positively impacted the propensity for selecting unique
ideas while fantasy, perspective-taking, and personal distress
had a negative impact. Meanwhile, the diversity in personal dis-
tress positively impacted the propensity for selecting unique
ideas, while the diversity in perspective-taking and empathic con-
cern had a negative impact; the diversity in fantasy had no signif-
icant impact.

Notably, the addition of team empathy elevation and team
empathy diversity to the linear regression models in all RQs
mostly led to R2 improvements of no more than 0.2, which are
considered small improvements (Cohen, 1988). However, these
results demonstrated that there is a measurable impact to team
empathy elevation and diversity which were quantified in this
study.

Discussion

The main goal of this paper was to explore the role of team empa-
thy in nominal group concept generation and early concept
screening. The main findings from this study indicated that the
utility of the elevation and diversity of different types of empathy
varied depending upon the specific design outcome (elegance,
usefulness, uniqueness) and design stage (concept generation
and selection), see Table 2 for a summary of the results. These
results highlight the complicated nature of empathy in design
and call against a one-size fits all view of empathy in design.
The remainder of this section highlights the results with respect
to the research questions.

The role of empathy in nominal group concept generation and
early concept screening

The findings from concept generation corroborate with prior
research that displays varying points of view on the role of empa-
thy in concept generation (Genco et al., 2011; Johnson et al., 2014;
Breithaupt, 2019). For example, in terms of the number of ideas
generated by design teams, teams’ elevation in personal distress
and fantasy positively impacted the number of the ideas gener-
ated, while the elevation in empathic concern and perspective-
taking negatively impacted the number of ideas generated.

The results from concept selection are similar in nature to the
concept generation stage, whereby we find evidence that supports
the notion that the elevation and diversity of different types of
team empathic tendencies varied depending upon the specific
design outcome (overall creativity, elegance, usefulness, unique-
ness). These results confirm prior work that discussed that empa-
thy could have positive (Genco et al., 2011; Johnson et al., 2014)
and negative (Strobel et al., 2013; Mattelmäki et al., 2014; Fila and
Hess, 2016) impacts in design.

These mixed results could be due, in part, to other mediator
factors taking a role in those relationships. These factors include

Table 2. Summary of simulation results (+ indicates positive impact of the empathy component, − indicates negative impact of the empathy component)

Component Nominal group concept generation Early concept screening

Number of
ideas

+ elevation in personal distress and fantasy
+ diversity in personal distress
− elevation in empathic concern and perspective-taking
− diversity in perspective-taking

N/A

Overall
creativity

+ elevation in fantasy, perspective-taking, personal distress, and empathic
concern
− diversity in personal distress and perspective-taking

+ elevation in empathic concern
+ diversity in fantasy
− elevation in fantasy, perspective-taking, and personal
distress
− diversity in personal distress and empathic concern

Uniqueness + elevation in empathic concern, perspective-taking, and personal distress
+ diversity in fantasy and perspective-taking
− diversity in personal distress and empathic concern

+ elevation in empathic concern
+ diversity in personal distress
− elevation in fantasy, perspective-taking, and personal
distress
− diversity in perspective-taking and empathic concern

Usefulness + elevation in empathic concern
+ diversity in personal distress
− elevation in fantasy, perspective-taking, and personal distress
− diversity in empathic concern

+ elevation in fantasy, personal distress, and empathic
concern
+ diversity in empathic concern
− elevation in perspective-taking
− diversity in personal distress

Elegance + elevation in empathic concern
− elevation in fantasy, perspective-taking, and personal distress
+ diversity in personal distress and perspective-taking

+ elevation in personal distress and perspective-taking
+ diversity in fantasy and empathic concern
− elevation in fantasy and empathic concern
− diversity in personal distress and perspective-taking
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domain expertise (Cross, 2004), task focus (Matthews and
Campbell, 1998), cognitive load (Chen et al., 2022), and task
motivation (Carberry et al., 2010). For example, task focus
could be an important factor to consider since individuals with
high trait perspective taking may think of idea generation tasks
in terms of solving others’ problems, instead of, for example, a
focus on the engineering point of view. As such, these individuals
may tend toward simple solutions rather than creative solutions to
the problem. These mixed results also call for further qualitative
investigations to deepen our understanding of how designers uti-
lize their empathic tendencies during concept generation and
selection activities. For instance, future studies could qualitatively
analyze designers working during a think-aloud brainstorming
session; this analysis can allow us to infer on which empathic ten-
dencies they utilize in ideation. During concept selection, sim-
ilarly, the analysis of team conversations can allow for a better
understanding of how designers use their empathic tendencies
in making their design decisions.

Notably, this study is an extension of prior work by the
co-authors investigating the relationship between empathic ten-
dencies and creativity in individual designers. The results from
this simulation study identified several departures from trends
observed in that previous work with individual designers. For
instance, elevation of personal distress was correlated to more
ideas generated, and elevation of empathic concern was correlated
to fewer ideas – this is in fact opposite of the individual results
(Alzayed et al., 2021). These results indicate that there might be
a “sweet spot” to the level of each empathic tendency prevalent
in a team for positive design outcomes. For example, from the
results on individual designers, empathic concern could be helpful
for individual designers to come up with more ideas. However,
after a certain plateau of empathic concern prevalent in a team,
we might see negative impacts (i.e., less ideas generated) of
empathic concern in concept generation. This interpretation reso-
nates with prior research in psychology that discussed that while
empathy is positively associated with prosocial behavior, high
levels of empathy could have negative impacts on individuals
(Stern and Divecha, 2015). These impacts include empathic over-
arousal (Eisenberg et al., 1994), emotional vulnerability (Davis,
1996), anxiety (Davis, 1996), and negative affect (Batson et al.,
1987). In design, researchers have named this phenomena “empa-
thy trap” (Mattelmäki et al., 2014) or “empathic vampirism”
where the designer will end up designing for themselves if they
over empathize (see Section “The role of empathy in engineering
design”).

This research adds to the existing body of knowledge by sug-
gesting that while empathy may be useful throughout the design,
the utility of specific types of empathy might vary depending
upon the design stage and design outcome. This is in line with
prior work in psychology that suggests the importance of trigger-
ing interventions targeted toward specific components of empathy
(Cameron, 2018). Taken as a whole, the findings from this paper
call for the importance of identifying which outcome (overall
creativity, elegance, usefulness, uniqueness) is desired, and thus
compose teams based on the empathic tendency (fantasy, per-
sonal distress, perspective-taking, and empathic concern) these
outcomes are impacted by.

Implications for design science and education

The implications of these relationships are twofold. First, for other
researchers, these relationships provide hypothetical nominal

team behaviors (computationally predicted but not yet experi-
mentally validated) which can inform future research in the
field. Second, for educators, this set of relationships can be used
to reason on the empathic antecedents to specific team outcomes.
For instance, if a team experiences low ideation output, one pos-
sible explanation would be high empathic concern elevation. The
educator could then choose to discuss this relationship with the
team as a way of cueing metacognitive discourse, which has
been tied to beneficial learning outcomes.

Specifically, depending on the learning outcomes of the course
and the nature of the design project, educators need to identify
which design stage is more relevant and what design outcome is
desired, and thus target interventions and compose teams based
on that specific design stage (e.g., concept generation or concept
selection). In first-year design courses, both the concept genera-
tion and selection stages are critical and educators typically
spend an equal amount of time on both of these stages (Meisel
et al., 2019; Ritter and Bilen, 2019). However, these stages are
inherently different in terms of the educational outcomes and
cognitive skillsets that are used in these stages. For example,
Toh and Miller (2016a, 2016b) identified that the cognitive skills
used in concept selection are very different from the skills used
during concept generation. In the same line of research, Hay
et al. (2017) found that different design activities might require
different working memory operators and reasoning processes
based on the specific design goals (Stauffer and Ullman, 1991).
In terms of the design outcomes, all of the four design outcomes
(overall creativity, usefulness, uniqueness, and elegance) are ide-
ally important since they constitute creative design outcomes –
an essential component of design thinking in engineering design
education (Dym et al., 2005; Brown, 2008; Melles et al., 2012).
However, on a team level, the team composition recommenda-
tions were found to be different between concept generation
and concept selection. Thus, it would not be ideal or feasible to
re-form teams between concept generation and selection.
Therefore, educators might be required to select between those
two design stages depending on the nature of the design project.

In addition to driving design outcomes, these results advance
design science by identifying team empathic composition recom-
mendations. Since empathy and its related concepts are important
outcomes in cornerstone design courses (Ritter and Bilen, 2019),
the insights from this paper could be used to add to that body of
knowledge that could be delivered to engineering students
through lectures and other empathy-building activities. This is
in congruence with current insights in design education that stress
the need to provide theoretical insights to design students as part
of developing students’ academic competence (Tempelman and
Pilot, 2011).

Conclusions, limitations, and future work

The main goal of this paper was to explore the role of team empa-
thy on nominal group concept generation and early concept selec-
tion in an engineering design student project. In order to achieve
this goal, a computational simulation study examined the
empathic composition of 13,482 nominal brainstorming teams
composed of four members. The simulated teams were generated
from a design repository of 806 ideas generated by 103 first-year
engineering design students. The main findings from the study
indicated that the utility of the elevation and diversity of different
types of team empathy varied depending upon the specific design
outcome (overall creativity, elegance, usefulness, uniqueness) and
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design stage (concept generation and selection). These results
highlight the complicated nature of the role of empathy in design
and confirms prior research on the varying roles of empathy in
the design process. The results from this study provide guidelines
for the composition of teams in design education and industry to
promote effective design outcomes.

However, there are several limitations that need to be identified
that could lead to interesting avenues for future research. First,
due to the nature of the simulation study, simulated team mem-
bers were not aware of their team membership. Therefore, this
study does not account for social effects [e.g., social loafing
(Hall and Buzwell, 2013)], and the results should thus be inter-
preted conservatively. Second, this simulation study did not take
into account the potential impact of team dynamics and indi-
vidual’s empathy during problem formulation and the needs
assessment stage on team members’ creativity during concept
generation and selection. This warrants future research that
should control for those factors by having student designers com-
plete all of the design activities individually and not as a team.
Third, while this work studied the relationship between empathy
and the team’s ability to generate and select elegant, useful, or
unique ideas, future work should investigate other design out-
comes, such as the quality of the final design. Fourth, while
prior research found that the ideation patterns of first-year and
senior-level students differ (Alzayed et al., 2019), this work only
studied first-year students. Thus, future research is warranted to
extend those findings beyond first-year student design teams.
Additionally, this study fails to address the full degree of hetero-
geneity present in the design teams, including gender, ethnicity,
and cognitive attributes. This should be a subject of future inves-
tigation, as purposeful and holistic design of a team across multi-
ple dimensions of heterogeneity is likely to yield significant
benefits. Finally, while prior work depicts the utility of nominal
brainstorming teams in aggregating individual ideation, future
work should explicitly compare nominal brainstorming teams
with collaborative brainstorming teams to assess whether team
communication during the ideation and concept selection activ-
ities might impact teams’ creativity during those activities.

Taken as a whole, this research is one of the first to formalize
the role of empathy on a team level. The pursuit of such a forma-
lization is critical, given the need for engineering designers to
engage with a broad range of stakeholders. Without understand-
ing when or how to prepare engineering designers to be empathic,
they could fail to understand the needs of diverse users and sub-
sequently fail in solving those users’ problems.
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Appendix

See Tables A1–A5.

Table A1. Summary statistics of the regression model on the relationship between the number of ideas generated by simulated teams and team trait empathy
elevation and diversity

Step Factor B SE β P

1 Context −3.276 0.372 −0.209 <0.01

Problem −0.976 0.111 −0.099 <0.01

Instructor 8.701 0.302 0.771 <0.01

2 Context −0.532 0.387 −0.034 0.169

Problem −0.917 0.108 −0.093 <0.01

Instructor 7.275 0.294 0.645 <0.01

Elevation Fantasy 0.385 0.031 0.111 <0.01

Personal Distress 0.484 0.023 0.198 <0.01

Perspective-Taking −0.488 0.025 −0.162 <0.01

Empathic Concern −0.627 0.032 −0.203 <0.01

Diversity Fantasy −0.020 0.040 −0.004 0.624

Personal Distress 0.506 0.030 0.125 <0.01

Perspective-Taking −0.837 0.030 −0.224 <0.01

Empathic Concern −0.014 0.039 −0.003 0.729

18 Mohammad Alsager Alzayed et al.

https://doi.org/10.1017/S089006042300001X Published online by Cambridge University Press

http://media.proquest.com/media/csa/psycarticles-set-c/APL/50/apl_50_6_473.pdf.pdf?hl=%26cit%3Aauth=WILLIGES%2C+ROBERT+C.%3BJOHNSTON%2C+WILLIAM+A.%3BBRIGGS%2C+GEORGE+E.%26cit%3Atitle=ROLE+OF+VERBAL+COMMUNICATION+IN+TEAMWORK.%26cit%3Apub=Journal+of+Applied+Psychology%26cit%3Avol=50%26cit%3Aiss=6%26cit%3Apg=473%26cit%3Adate=Dec+1966%26ic=true%26cit%3Aprod=PsycARTICLES%26_a=ChgyMDE0MDUyMzE5NTUyNzAyNTozNzc2ODkSBTk5MjEyGgpPTkVfU0VBUkNIIg4xMzAuMjAzLjE2NC42OCoFNjA5MDMyCTYxNDMzODI5MDoNRG9jdW1lbnRJbWFnZUIBMFIGT25saW5lWgJGVGIDUEZUagoxOTY2LzEyLzAxcgB6AIIBJVAtMTAwNzU2Ny0xMzE1OC1DVVNUT01FUi1udWxsLTExNDYxNjSSAQZPbmxpbmXKAQdFbmROb3Rl0gESU2Nob2xhcmx5IEpvdXJuYWxzmgIHUHJlUGFpZKoCKE9TOkVNUy1QZGZEb2NWaWV3QmFzZS1nZXRNZWRpYVVybEZvckl0ZW2yAgC6AgDKAg9BcnRpY2xlfEZlYXR1cmXSAgFZ4gIBTuoCAPICAA%3D%3D%26_s=E%2BSbJvbOMilQNQ0GxTD0Mrnhg2Y%3D
http://media.proquest.com/media/csa/psycarticles-set-c/APL/50/apl_50_6_473.pdf.pdf?hl=%26cit%3Aauth=WILLIGES%2C+ROBERT+C.%3BJOHNSTON%2C+WILLIAM+A.%3BBRIGGS%2C+GEORGE+E.%26cit%3Atitle=ROLE+OF+VERBAL+COMMUNICATION+IN+TEAMWORK.%26cit%3Apub=Journal+of+Applied+Psychology%26cit%3Avol=50%26cit%3Aiss=6%26cit%3Apg=473%26cit%3Adate=Dec+1966%26ic=true%26cit%3Aprod=PsycARTICLES%26_a=ChgyMDE0MDUyMzE5NTUyNzAyNTozNzc2ODkSBTk5MjEyGgpPTkVfU0VBUkNIIg4xMzAuMjAzLjE2NC42OCoFNjA5MDMyCTYxNDMzODI5MDoNRG9jdW1lbnRJbWFnZUIBMFIGT25saW5lWgJGVGIDUEZUagoxOTY2LzEyLzAxcgB6AIIBJVAtMTAwNzU2Ny0xMzE1OC1DVVNUT01FUi1udWxsLTExNDYxNjSSAQZPbmxpbmXKAQdFbmROb3Rl0gESU2Nob2xhcmx5IEpvdXJuYWxzmgIHUHJlUGFpZKoCKE9TOkVNUy1QZGZEb2NWaWV3QmFzZS1nZXRNZWRpYVVybEZvckl0ZW2yAgC6AgDKAg9BcnRpY2xlfEZlYXR1cmXSAgFZ4gIBTuoCAPICAA%3D%3D%26_s=E%2BSbJvbOMilQNQ0GxTD0Mrnhg2Y%3D
http://media.proquest.com/media/csa/psycarticles-set-c/APL/50/apl_50_6_473.pdf.pdf?hl=%26cit%3Aauth=WILLIGES%2C+ROBERT+C.%3BJOHNSTON%2C+WILLIAM+A.%3BBRIGGS%2C+GEORGE+E.%26cit%3Atitle=ROLE+OF+VERBAL+COMMUNICATION+IN+TEAMWORK.%26cit%3Apub=Journal+of+Applied+Psychology%26cit%3Avol=50%26cit%3Aiss=6%26cit%3Apg=473%26cit%3Adate=Dec+1966%26ic=true%26cit%3Aprod=PsycARTICLES%26_a=ChgyMDE0MDUyMzE5NTUyNzAyNTozNzc2ODkSBTk5MjEyGgpPTkVfU0VBUkNIIg4xMzAuMjAzLjE2NC42OCoFNjA5MDMyCTYxNDMzODI5MDoNRG9jdW1lbnRJbWFnZUIBMFIGT25saW5lWgJGVGIDUEZUagoxOTY2LzEyLzAxcgB6AIIBJVAtMTAwNzU2Ny0xMzE1OC1DVVNUT01FUi1udWxsLTExNDYxNjSSAQZPbmxpbmXKAQdFbmROb3Rl0gESU2Nob2xhcmx5IEpvdXJuYWxzmgIHUHJlUGFpZKoCKE9TOkVNUy1QZGZEb2NWaWV3QmFzZS1nZXRNZWRpYVVybEZvckl0ZW2yAgC6AgDKAg9BcnRpY2xlfEZlYXR1cmXSAgFZ4gIBTuoCAPICAA%3D%3D%26_s=E%2BSbJvbOMilQNQ0GxTD0Mrnhg2Y%3D
http://media.proquest.com/media/csa/psycarticles-set-c/APL/50/apl_50_6_473.pdf.pdf?hl=%26cit%3Aauth=WILLIGES%2C+ROBERT+C.%3BJOHNSTON%2C+WILLIAM+A.%3BBRIGGS%2C+GEORGE+E.%26cit%3Atitle=ROLE+OF+VERBAL+COMMUNICATION+IN+TEAMWORK.%26cit%3Apub=Journal+of+Applied+Psychology%26cit%3Avol=50%26cit%3Aiss=6%26cit%3Apg=473%26cit%3Adate=Dec+1966%26ic=true%26cit%3Aprod=PsycARTICLES%26_a=ChgyMDE0MDUyMzE5NTUyNzAyNTozNzc2ODkSBTk5MjEyGgpPTkVfU0VBUkNIIg4xMzAuMjAzLjE2NC42OCoFNjA5MDMyCTYxNDMzODI5MDoNRG9jdW1lbnRJbWFnZUIBMFIGT25saW5lWgJGVGIDUEZUagoxOTY2LzEyLzAxcgB6AIIBJVAtMTAwNzU2Ny0xMzE1OC1DVVNUT01FUi1udWxsLTExNDYxNjSSAQZPbmxpbmXKAQdFbmROb3Rl0gESU2Nob2xhcmx5IEpvdXJuYWxzmgIHUHJlUGFpZKoCKE9TOkVNUy1QZGZEb2NWaWV3QmFzZS1nZXRNZWRpYVVybEZvckl0ZW2yAgC6AgDKAg9BcnRpY2xlfEZlYXR1cmXSAgFZ4gIBTuoCAPICAA%3D%3D%26_s=E%2BSbJvbOMilQNQ0GxTD0Mrnhg2Y%3D
http://media.proquest.com/media/csa/psycarticles-set-c/APL/50/apl_50_6_473.pdf.pdf?hl=%26cit%3Aauth=WILLIGES%2C+ROBERT+C.%3BJOHNSTON%2C+WILLIAM+A.%3BBRIGGS%2C+GEORGE+E.%26cit%3Atitle=ROLE+OF+VERBAL+COMMUNICATION+IN+TEAMWORK.%26cit%3Apub=Journal+of+Applied+Psychology%26cit%3Avol=50%26cit%3Aiss=6%26cit%3Apg=473%26cit%3Adate=Dec+1966%26ic=true%26cit%3Aprod=PsycARTICLES%26_a=ChgyMDE0MDUyMzE5NTUyNzAyNTozNzc2ODkSBTk5MjEyGgpPTkVfU0VBUkNIIg4xMzAuMjAzLjE2NC42OCoFNjA5MDMyCTYxNDMzODI5MDoNRG9jdW1lbnRJbWFnZUIBMFIGT25saW5lWgJGVGIDUEZUagoxOTY2LzEyLzAxcgB6AIIBJVAtMTAwNzU2Ny0xMzE1OC1DVVNUT01FUi1udWxsLTExNDYxNjSSAQZPbmxpbmXKAQdFbmROb3Rl0gESU2Nob2xhcmx5IEpvdXJuYWxzmgIHUHJlUGFpZKoCKE9TOkVNUy1QZGZEb2NWaWV3QmFzZS1nZXRNZWRpYVVybEZvckl0ZW2yAgC6AgDKAg9BcnRpY2xlfEZlYXR1cmXSAgFZ4gIBTuoCAPICAA%3D%3D%26_s=E%2BSbJvbOMilQNQ0GxTD0Mrnhg2Y%3D
http://media.proquest.com/media/csa/psycarticles-set-c/APL/50/apl_50_6_473.pdf.pdf?hl=%26cit%3Aauth=WILLIGES%2C+ROBERT+C.%3BJOHNSTON%2C+WILLIAM+A.%3BBRIGGS%2C+GEORGE+E.%26cit%3Atitle=ROLE+OF+VERBAL+COMMUNICATION+IN+TEAMWORK.%26cit%3Apub=Journal+of+Applied+Psychology%26cit%3Avol=50%26cit%3Aiss=6%26cit%3Apg=473%26cit%3Adate=Dec+1966%26ic=true%26cit%3Aprod=PsycARTICLES%26_a=ChgyMDE0MDUyMzE5NTUyNzAyNTozNzc2ODkSBTk5MjEyGgpPTkVfU0VBUkNIIg4xMzAuMjAzLjE2NC42OCoFNjA5MDMyCTYxNDMzODI5MDoNRG9jdW1lbnRJbWFnZUIBMFIGT25saW5lWgJGVGIDUEZUagoxOTY2LzEyLzAxcgB6AIIBJVAtMTAwNzU2Ny0xMzE1OC1DVVNUT01FUi1udWxsLTExNDYxNjSSAQZPbmxpbmXKAQdFbmROb3Rl0gESU2Nob2xhcmx5IEpvdXJuYWxzmgIHUHJlUGFpZKoCKE9TOkVNUy1QZGZEb2NWaWV3QmFzZS1nZXRNZWRpYVVybEZvckl0ZW2yAgC6AgDKAg9BcnRpY2xlfEZlYXR1cmXSAgFZ4gIBTuoCAPICAA%3D%3D%26_s=E%2BSbJvbOMilQNQ0GxTD0Mrnhg2Y%3D
http://media.proquest.com/media/csa/psycarticles-set-c/APL/50/apl_50_6_473.pdf.pdf?hl=%26cit%3Aauth=WILLIGES%2C+ROBERT+C.%3BJOHNSTON%2C+WILLIAM+A.%3BBRIGGS%2C+GEORGE+E.%26cit%3Atitle=ROLE+OF+VERBAL+COMMUNICATION+IN+TEAMWORK.%26cit%3Apub=Journal+of+Applied+Psychology%26cit%3Avol=50%26cit%3Aiss=6%26cit%3Apg=473%26cit%3Adate=Dec+1966%26ic=true%26cit%3Aprod=PsycARTICLES%26_a=ChgyMDE0MDUyMzE5NTUyNzAyNTozNzc2ODkSBTk5MjEyGgpPTkVfU0VBUkNIIg4xMzAuMjAzLjE2NC42OCoFNjA5MDMyCTYxNDMzODI5MDoNRG9jdW1lbnRJbWFnZUIBMFIGT25saW5lWgJGVGIDUEZUagoxOTY2LzEyLzAxcgB6AIIBJVAtMTAwNzU2Ny0xMzE1OC1DVVNUT01FUi1udWxsLTExNDYxNjSSAQZPbmxpbmXKAQdFbmROb3Rl0gESU2Nob2xhcmx5IEpvdXJuYWxzmgIHUHJlUGFpZKoCKE9TOkVNUy1QZGZEb2NWaWV3QmFzZS1nZXRNZWRpYVVybEZvckl0ZW2yAgC6AgDKAg9BcnRpY2xlfEZlYXR1cmXSAgFZ4gIBTuoCAPICAA%3D%3D%26_s=E%2BSbJvbOMilQNQ0GxTD0Mrnhg2Y%3D
http://media.proquest.com/media/csa/psycarticles-set-c/APL/50/apl_50_6_473.pdf.pdf?hl=%26cit%3Aauth=WILLIGES%2C+ROBERT+C.%3BJOHNSTON%2C+WILLIAM+A.%3BBRIGGS%2C+GEORGE+E.%26cit%3Atitle=ROLE+OF+VERBAL+COMMUNICATION+IN+TEAMWORK.%26cit%3Apub=Journal+of+Applied+Psychology%26cit%3Avol=50%26cit%3Aiss=6%26cit%3Apg=473%26cit%3Adate=Dec+1966%26ic=true%26cit%3Aprod=PsycARTICLES%26_a=ChgyMDE0MDUyMzE5NTUyNzAyNTozNzc2ODkSBTk5MjEyGgpPTkVfU0VBUkNIIg4xMzAuMjAzLjE2NC42OCoFNjA5MDMyCTYxNDMzODI5MDoNRG9jdW1lbnRJbWFnZUIBMFIGT25saW5lWgJGVGIDUEZUagoxOTY2LzEyLzAxcgB6AIIBJVAtMTAwNzU2Ny0xMzE1OC1DVVNUT01FUi1udWxsLTExNDYxNjSSAQZPbmxpbmXKAQdFbmROb3Rl0gESU2Nob2xhcmx5IEpvdXJuYWxzmgIHUHJlUGFpZKoCKE9TOkVNUy1QZGZEb2NWaWV3QmFzZS1nZXRNZWRpYVVybEZvckl0ZW2yAgC6AgDKAg9BcnRpY2xlfEZlYXR1cmXSAgFZ4gIBTuoCAPICAA%3D%3D%26_s=E%2BSbJvbOMilQNQ0GxTD0Mrnhg2Y%3D
http://media.proquest.com/media/csa/psycarticles-set-c/APL/50/apl_50_6_473.pdf.pdf?hl=%26cit%3Aauth=WILLIGES%2C+ROBERT+C.%3BJOHNSTON%2C+WILLIAM+A.%3BBRIGGS%2C+GEORGE+E.%26cit%3Atitle=ROLE+OF+VERBAL+COMMUNICATION+IN+TEAMWORK.%26cit%3Apub=Journal+of+Applied+Psychology%26cit%3Avol=50%26cit%3Aiss=6%26cit%3Apg=473%26cit%3Adate=Dec+1966%26ic=true%26cit%3Aprod=PsycARTICLES%26_a=ChgyMDE0MDUyMzE5NTUyNzAyNTozNzc2ODkSBTk5MjEyGgpPTkVfU0VBUkNIIg4xMzAuMjAzLjE2NC42OCoFNjA5MDMyCTYxNDMzODI5MDoNRG9jdW1lbnRJbWFnZUIBMFIGT25saW5lWgJGVGIDUEZUagoxOTY2LzEyLzAxcgB6AIIBJVAtMTAwNzU2Ny0xMzE1OC1DVVNUT01FUi1udWxsLTExNDYxNjSSAQZPbmxpbmXKAQdFbmROb3Rl0gESU2Nob2xhcmx5IEpvdXJuYWxzmgIHUHJlUGFpZKoCKE9TOkVNUy1QZGZEb2NWaWV3QmFzZS1nZXRNZWRpYVVybEZvckl0ZW2yAgC6AgDKAg9BcnRpY2xlfEZlYXR1cmXSAgFZ4gIBTuoCAPICAA%3D%3D%26_s=E%2BSbJvbOMilQNQ0GxTD0Mrnhg2Y%3D
http://media.proquest.com/media/csa/psycarticles-set-c/APL/50/apl_50_6_473.pdf.pdf?hl=%26cit%3Aauth=WILLIGES%2C+ROBERT+C.%3BJOHNSTON%2C+WILLIAM+A.%3BBRIGGS%2C+GEORGE+E.%26cit%3Atitle=ROLE+OF+VERBAL+COMMUNICATION+IN+TEAMWORK.%26cit%3Apub=Journal+of+Applied+Psychology%26cit%3Avol=50%26cit%3Aiss=6%26cit%3Apg=473%26cit%3Adate=Dec+1966%26ic=true%26cit%3Aprod=PsycARTICLES%26_a=ChgyMDE0MDUyMzE5NTUyNzAyNTozNzc2ODkSBTk5MjEyGgpPTkVfU0VBUkNIIg4xMzAuMjAzLjE2NC42OCoFNjA5MDMyCTYxNDMzODI5MDoNRG9jdW1lbnRJbWFnZUIBMFIGT25saW5lWgJGVGIDUEZUagoxOTY2LzEyLzAxcgB6AIIBJVAtMTAwNzU2Ny0xMzE1OC1DVVNUT01FUi1udWxsLTExNDYxNjSSAQZPbmxpbmXKAQdFbmROb3Rl0gESU2Nob2xhcmx5IEpvdXJuYWxzmgIHUHJlUGFpZKoCKE9TOkVNUy1QZGZEb2NWaWV3QmFzZS1nZXRNZWRpYVVybEZvckl0ZW2yAgC6AgDKAg9BcnRpY2xlfEZlYXR1cmXSAgFZ4gIBTuoCAPICAA%3D%3D%26_s=E%2BSbJvbOMilQNQ0GxTD0Mrnhg2Y%3D
http://media.proquest.com/media/csa/psycarticles-set-c/APL/50/apl_50_6_473.pdf.pdf?hl=%26cit%3Aauth=WILLIGES%2C+ROBERT+C.%3BJOHNSTON%2C+WILLIAM+A.%3BBRIGGS%2C+GEORGE+E.%26cit%3Atitle=ROLE+OF+VERBAL+COMMUNICATION+IN+TEAMWORK.%26cit%3Apub=Journal+of+Applied+Psychology%26cit%3Avol=50%26cit%3Aiss=6%26cit%3Apg=473%26cit%3Adate=Dec+1966%26ic=true%26cit%3Aprod=PsycARTICLES%26_a=ChgyMDE0MDUyMzE5NTUyNzAyNTozNzc2ODkSBTk5MjEyGgpPTkVfU0VBUkNIIg4xMzAuMjAzLjE2NC42OCoFNjA5MDMyCTYxNDMzODI5MDoNRG9jdW1lbnRJbWFnZUIBMFIGT25saW5lWgJGVGIDUEZUagoxOTY2LzEyLzAxcgB6AIIBJVAtMTAwNzU2Ny0xMzE1OC1DVVNUT01FUi1udWxsLTExNDYxNjSSAQZPbmxpbmXKAQdFbmROb3Rl0gESU2Nob2xhcmx5IEpvdXJuYWxzmgIHUHJlUGFpZKoCKE9TOkVNUy1QZGZEb2NWaWV3QmFzZS1nZXRNZWRpYVVybEZvckl0ZW2yAgC6AgDKAg9BcnRpY2xlfEZlYXR1cmXSAgFZ4gIBTuoCAPICAA%3D%3D%26_s=E%2BSbJvbOMilQNQ0GxTD0Mrnhg2Y%3D
http://media.proquest.com/media/csa/psycarticles-set-c/APL/50/apl_50_6_473.pdf.pdf?hl=%26cit%3Aauth=WILLIGES%2C+ROBERT+C.%3BJOHNSTON%2C+WILLIAM+A.%3BBRIGGS%2C+GEORGE+E.%26cit%3Atitle=ROLE+OF+VERBAL+COMMUNICATION+IN+TEAMWORK.%26cit%3Apub=Journal+of+Applied+Psychology%26cit%3Avol=50%26cit%3Aiss=6%26cit%3Apg=473%26cit%3Adate=Dec+1966%26ic=true%26cit%3Aprod=PsycARTICLES%26_a=ChgyMDE0MDUyMzE5NTUyNzAyNTozNzc2ODkSBTk5MjEyGgpPTkVfU0VBUkNIIg4xMzAuMjAzLjE2NC42OCoFNjA5MDMyCTYxNDMzODI5MDoNRG9jdW1lbnRJbWFnZUIBMFIGT25saW5lWgJGVGIDUEZUagoxOTY2LzEyLzAxcgB6AIIBJVAtMTAwNzU2Ny0xMzE1OC1DVVNUT01FUi1udWxsLTExNDYxNjSSAQZPbmxpbmXKAQdFbmROb3Rl0gESU2Nob2xhcmx5IEpvdXJuYWxzmgIHUHJlUGFpZKoCKE9TOkVNUy1QZGZEb2NWaWV3QmFzZS1nZXRNZWRpYVVybEZvckl0ZW2yAgC6AgDKAg9BcnRpY2xlfEZlYXR1cmXSAgFZ4gIBTuoCAPICAA%3D%3D%26_s=E%2BSbJvbOMilQNQ0GxTD0Mrnhg2Y%3D
http://media.proquest.com/media/csa/psycarticles-set-c/APL/50/apl_50_6_473.pdf.pdf?hl=%26cit%3Aauth=WILLIGES%2C+ROBERT+C.%3BJOHNSTON%2C+WILLIAM+A.%3BBRIGGS%2C+GEORGE+E.%26cit%3Atitle=ROLE+OF+VERBAL+COMMUNICATION+IN+TEAMWORK.%26cit%3Apub=Journal+of+Applied+Psychology%26cit%3Avol=50%26cit%3Aiss=6%26cit%3Apg=473%26cit%3Adate=Dec+1966%26ic=true%26cit%3Aprod=PsycARTICLES%26_a=ChgyMDE0MDUyMzE5NTUyNzAyNTozNzc2ODkSBTk5MjEyGgpPTkVfU0VBUkNIIg4xMzAuMjAzLjE2NC42OCoFNjA5MDMyCTYxNDMzODI5MDoNRG9jdW1lbnRJbWFnZUIBMFIGT25saW5lWgJGVGIDUEZUagoxOTY2LzEyLzAxcgB6AIIBJVAtMTAwNzU2Ny0xMzE1OC1DVVNUT01FUi1udWxsLTExNDYxNjSSAQZPbmxpbmXKAQdFbmROb3Rl0gESU2Nob2xhcmx5IEpvdXJuYWxzmgIHUHJlUGFpZKoCKE9TOkVNUy1QZGZEb2NWaWV3QmFzZS1nZXRNZWRpYVVybEZvckl0ZW2yAgC6AgDKAg9BcnRpY2xlfEZlYXR1cmXSAgFZ4gIBTuoCAPICAA%3D%3D%26_s=E%2BSbJvbOMilQNQ0GxTD0Mrnhg2Y%3D
http://media.proquest.com/media/csa/psycarticles-set-c/APL/50/apl_50_6_473.pdf.pdf?hl=%26cit%3Aauth=WILLIGES%2C+ROBERT+C.%3BJOHNSTON%2C+WILLIAM+A.%3BBRIGGS%2C+GEORGE+E.%26cit%3Atitle=ROLE+OF+VERBAL+COMMUNICATION+IN+TEAMWORK.%26cit%3Apub=Journal+of+Applied+Psychology%26cit%3Avol=50%26cit%3Aiss=6%26cit%3Apg=473%26cit%3Adate=Dec+1966%26ic=true%26cit%3Aprod=PsycARTICLES%26_a=ChgyMDE0MDUyMzE5NTUyNzAyNTozNzc2ODkSBTk5MjEyGgpPTkVfU0VBUkNIIg4xMzAuMjAzLjE2NC42OCoFNjA5MDMyCTYxNDMzODI5MDoNRG9jdW1lbnRJbWFnZUIBMFIGT25saW5lWgJGVGIDUEZUagoxOTY2LzEyLzAxcgB6AIIBJVAtMTAwNzU2Ny0xMzE1OC1DVVNUT01FUi1udWxsLTExNDYxNjSSAQZPbmxpbmXKAQdFbmROb3Rl0gESU2Nob2xhcmx5IEpvdXJuYWxzmgIHUHJlUGFpZKoCKE9TOkVNUy1QZGZEb2NWaWV3QmFzZS1nZXRNZWRpYVVybEZvckl0ZW2yAgC6AgDKAg9BcnRpY2xlfEZlYXR1cmXSAgFZ4gIBTuoCAPICAA%3D%3D%26_s=E%2BSbJvbOMilQNQ0GxTD0Mrnhg2Y%3D
http://media.proquest.com/media/csa/psycarticles-set-c/APL/50/apl_50_6_473.pdf.pdf?hl=%26cit%3Aauth=WILLIGES%2C+ROBERT+C.%3BJOHNSTON%2C+WILLIAM+A.%3BBRIGGS%2C+GEORGE+E.%26cit%3Atitle=ROLE+OF+VERBAL+COMMUNICATION+IN+TEAMWORK.%26cit%3Apub=Journal+of+Applied+Psychology%26cit%3Avol=50%26cit%3Aiss=6%26cit%3Apg=473%26cit%3Adate=Dec+1966%26ic=true%26cit%3Aprod=PsycARTICLES%26_a=ChgyMDE0MDUyMzE5NTUyNzAyNTozNzc2ODkSBTk5MjEyGgpPTkVfU0VBUkNIIg4xMzAuMjAzLjE2NC42OCoFNjA5MDMyCTYxNDMzODI5MDoNRG9jdW1lbnRJbWFnZUIBMFIGT25saW5lWgJGVGIDUEZUagoxOTY2LzEyLzAxcgB6AIIBJVAtMTAwNzU2Ny0xMzE1OC1DVVNUT01FUi1udWxsLTExNDYxNjSSAQZPbmxpbmXKAQdFbmROb3Rl0gESU2Nob2xhcmx5IEpvdXJuYWxzmgIHUHJlUGFpZKoCKE9TOkVNUy1QZGZEb2NWaWV3QmFzZS1nZXRNZWRpYVVybEZvckl0ZW2yAgC6AgDKAg9BcnRpY2xlfEZlYXR1cmXSAgFZ4gIBTuoCAPICAA%3D%3D%26_s=E%2BSbJvbOMilQNQ0GxTD0Mrnhg2Y%3D
http://media.proquest.com/media/csa/psycarticles-set-c/APL/50/apl_50_6_473.pdf.pdf?hl=%26cit%3Aauth=WILLIGES%2C+ROBERT+C.%3BJOHNSTON%2C+WILLIAM+A.%3BBRIGGS%2C+GEORGE+E.%26cit%3Atitle=ROLE+OF+VERBAL+COMMUNICATION+IN+TEAMWORK.%26cit%3Apub=Journal+of+Applied+Psychology%26cit%3Avol=50%26cit%3Aiss=6%26cit%3Apg=473%26cit%3Adate=Dec+1966%26ic=true%26cit%3Aprod=PsycARTICLES%26_a=ChgyMDE0MDUyMzE5NTUyNzAyNTozNzc2ODkSBTk5MjEyGgpPTkVfU0VBUkNIIg4xMzAuMjAzLjE2NC42OCoFNjA5MDMyCTYxNDMzODI5MDoNRG9jdW1lbnRJbWFnZUIBMFIGT25saW5lWgJGVGIDUEZUagoxOTY2LzEyLzAxcgB6AIIBJVAtMTAwNzU2Ny0xMzE1OC1DVVNUT01FUi1udWxsLTExNDYxNjSSAQZPbmxpbmXKAQdFbmROb3Rl0gESU2Nob2xhcmx5IEpvdXJuYWxzmgIHUHJlUGFpZKoCKE9TOkVNUy1QZGZEb2NWaWV3QmFzZS1nZXRNZWRpYVVybEZvckl0ZW2yAgC6AgDKAg9BcnRpY2xlfEZlYXR1cmXSAgFZ4gIBTuoCAPICAA%3D%3D%26_s=E%2BSbJvbOMilQNQ0GxTD0Mrnhg2Y%3D
https://doi.org/10.1017/S089006042300001X


Table A2. Summary statistics of the regression model on the relationship between the average usefulness and uniqueness of simulated teams’ ideas and team trait
empathy elevation and diversity

Model Step Factor B SE β P

Average usefulness of ideas generated 1 Average Drawing Abilities 0.245 0.006 0.350 <0.01

Context 0.185 0.009 0.490 <0.01

Problem −0.018 0.003 −0.074 <0.01

Instructor −0.171 0.007 −0.630 <0.01

2 Average Drawing Abilities 0.221 0.006 0.315 <0.01

Context 0.248 0.010 0.654 <0.01

Problem −0.010 0.003 −0.041 <0.01

Instructor −0.206 0.007 −0.756 <0.01

Elevation Fantasy −0.003 0.001 −0.048 <0.01

Personal Distress −0.019 0.001 −0.259 <0.01

Perspective-Taking −0.006 0.001 −0.081 <0.01

Empathic Concern 0.012 0.001 0.142 <0.01

Diversity Fantasy −0.001 0.001 −0.012 0.110

Personal Distress 0.007 0.001 0.078 <0.01

Perspective-Taking 0.000 0.001 0.003 0.680

Empathic Concern −0.008 0.001 −0.071 <0.01

Average uniqueness of ideas generated 1 Average Drawing Abilities 0.292 0.010 0.187 <0.01

Context 1.519 0.016 1.804 <0.01

Problem 0.272 0.005 0.514 <0.01

Instructor −0.825 0.013 −1.363 <0.01

2 Average Drawing Abilities 0.326 0.011 0.246 <0.01

Context 1.414 0.018 1.682 <0.01

Problem 0.261 0.005 0.486 <0.01

Instructor −0.808 0.013 −1.326 <0.01

Elevation Fantasy 0.003 0.001 0.023 0.314

Personal Distress 0.006 0.001 0.038 <0.01

Perspective-Taking 0.027 0.001 0.165 <0.01

Empathic Concern 0.002 0.001 0.009 <0.01

Diversity Fantasy 0.012 0.001 0.056 <0.01

Personal Distress −0.017 0.001 −0.087 <0.01

Perspective-Taking 0.009 0.002 0.032 <0.01

Empathic Concern −0.006 0.002 −0.025 <0.01
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Table A3. Summary statistics of the regression model on the relationship between the average overall creativity and elegance of simulated teams’ ideas and team
trait empathy elevation and diversity

Model Step Factor B SE β P

Average overall creativity of ideas generated 1 Average Drawing Abilities 0.361 0.009 0.319 <0.01

Context 0.868 0.014 1.422 <0.01

Problem 0.138 0.004 0.358 <0.01

Instructor −0.446 0.011 −1.016 <0.01

2 Average Drawing Abilities 0.360 0.009 0.319 <0.01

Context 0.799 0.015 1.310 <0.01

Problem 0.129 0.004 0.334 <0.01

Instructor −0.457 0.011 −1.040 <0.01

Elevation Fantasy 0.006 0.001 0.061 <0.01

Personal Distress 0.002 0.001 0.019 0.025

Perspective-Taking 0.011 0.001 0.089 <0.01

Empathic Concern 0.009 0.001 0.068 <0.01

Diversity Fantasy −.001 0.001 −0.005 0.526

Personal Distress 0.007 0.001 0.048 <0.01

Perspective-Taking 0.019 0.002 0.093 <0.01

Empathic Concern −0.001 0.002 −0.003 0.706

Average elegance of ideas generated 1 Average Drawing Abilities 0.412 0.009 0.422 <0.01

Context −0.087 0.014 −0.165 <0.01

Problem 0.025 0.004 0.075 <0.01

Instructor 0.103 0.011 0.271 <0.01

2 Average Drawing Abilities 0.360 0.009 0.369 <0.01

Context −0.021 0.015 −0.040 .155

Problem 0.039 0.004 0.119 <0.01

Instructor 0.059 0.011 0.155 <0.01

Elevation Fantasy −0.009 0.001 −0.105 <0.01

Personal Distress −0.014 0.001 −0.137 <0.01

Perspective-Taking −0.007 0.001 −0.063 <0.01

Empathic Concern 0.012 0.001 0.106 <0.01

Diversity Fantasy 0.000 0.001 0.001 0.897

Personal Distress 0.017 0.001 0.137 <0.01

Perspective-Taking 0.007 0.001 0.043 <0.01

Empathic Concern 0.000 0.002 −0.003 0.781
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Table A4. Summary statistics of the regression model on the relationship between the propensity for selecting useful and unique ideas and team trait empathy
elevation and diversity

Model Step Factor B SE β P

Propensity for selecting useful ideas 1 Average Drawing Abilities 0.447 0.010 0.412 <0.01

Context −0.022 0.003 −0.209 <0.01

Problem 0.005 0.001 0.077 <0.01

Instructor −0.001 0.002 −0.010 0.719

2 Average Drawing Abilities 0.458 0.009 0.422 <0.01

Context −0.038 0.003 −0.361 <0.01

Problem 0.006 0.001 0.098 <0.01

Instructor 0.010 0.002 0.131 <0.01

Elevation Fantasy 0.004 0.000 0.192 <0.01

Personal Distress 0.002 0.000 0.123 <0.01

Perspective-Taking −0.004 0.000 −0.174 <0.01

Empathic Concern 0.001 0.000 0.056 <0.01

Diversity Fantasy −0.003 0.000 −0.129 0.110

Personal Distress −0.003 0.000 −0.088 <0.01

Perspective-Taking 0.003 0.000 0.087 0.680

Empathic Concern 0.004 0.000 0.192 <0.01

Propensity for selecting unique ideas 1 Average Drawing Abilities 0.423 0.015 0.236 <0.01

Context −0.027 0.004 −0.156 <0.01

Problem 0.031 0.001 0.283 <0.01

Instructor 0.041 0.004 0.333 <0.01

2 Average Drawing Abilities 0.498 0.015 0.279 <0.01

Context −0.014 0.005 −0.081 <0.01

Problem 0.033 0.001 0.302 <0.01

Instructor 0.027 0.004 0.217 <0.01

Elevation Fantasy −0.003 0.000 −0.133 <0.01

Personal Distress −0.005 0.000 −0.160 <0.01

Perspective-Taking −0.001 0.000 −0.024 0.026

Empathic Concern 0.014 0.000 0.385 <0.01

Diversity Fantasy 0.000 0.000 −0.013 0.103

Personal Distress 0.003 0.000 0.075 <0.01

Perspective-Taking −0.006 0.000 −0.120 <0.01

Empathic Concern −0.007 0.000 −0.133 <0.01
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Table A5. Summary statistics of the regression model on the relationship between the propensity for selecting overall creative and elegant ideas and team trait
empathy elevation and diversity

Model Step Factor B SE β P

Propensity for selecting overall creative ideas 1 Average Drawing Abilities 0.378 0.013 0.256 <0.01

Context 0.084 0.004 0.587 <0.01

Problem 0.029 0.001 0.323 <0.01

Instructor −.047 0.003 −0.459 <0.01

2 Average Drawing Abilities 0.405 0.013 0.274 <0.01

Context 0.100 0.004 0.694 <0.01

Problem 0.030 0.001 0.332 <0.01

Instructor −0.057 0.003 −0.550 <0.01

Elevation Fantasy −0.001 0.000 −0.027 0.016

Personal Distress −0.002 0.000 −0.065 <0.01

Perspective-Taking −0.003 0.000 −0.104 <0.01

Empathic Concern 0.006 0.000 0.184 <0.01

Diversity Fantasy 0.001 0.000 0.043 <0.01

Personal Distress −0.002 0.000 −0.067 <0.01

Perspective-Taking 0.000 0.000 −0.012 0.177

Empathic Concern −0.003 0.000 −0.080 <0.01

Propensity for selecting elegant ideas 1 Average Drawing Abilities 0.465 0.013 0.308 <0.01

Context 0.098 0.004 0.671 <0.01

Problem 0.007 0.001 0.079 <0.01

Instructor −0.064 0.003 −0.606 <0.01

2 Average Drawing Abilities 0.433 0.013 0.286 <0.01

Context 0.080 0.004 0.544 <0.01

Problem 0.007 0.001 0.079 <0.01

Instructor −0.056 0.003 −0.530 <0.01

Elevation Fantasy −0.001 0.000 −0.029 <0.01

Personal Distress 0.006 0.000 0.201 <0.01

Perspective-Taking 0.004 0.000 0.159 <0.01

Empathic Concern −0.005 0.000 −0.170 <0.01

Diversity Fantasy 0.004 0.000 0.114 <0.01

Personal Distress −0.005 0.000 −0.150 <0.01

Perspective-Taking −0.001 0.000 −0.025 <0.01

Empathic Concern 0.007 0.000 0.175 <0.01
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