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ABSTRACT: In this paper, we explore the relationship between divergent thinking and stakeholder identification
on 15 student engineering design teams. We examine the relationship between fluency, originality, flexibility, and
elaboration on the Alternate Uses Task (AUT), a common measure of divergent thinking, and in stakeholder
identification. We find fluency and originality to be positively and statistically significantly correlated between the
AUT and stakeholder identification task. Flexibility was positively correlated and elaboration was negatively
correlated; both lacked statistical significance. Our results suggest that divergent thinking and stakeholder
identification may be correlated, and leveraging exercises to improve divergent thinking may also help improve
stakeholder identification. Future work can continue to explore this relationship with larger sample sizes and
additional tasks.
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1. Introduction
Engaging in comprehensive and impactful consultation with key stakeholders is of utmost significance in
the engineering process (Sharp et al., 1999a). A significant body of research has been undertaken to
examine how engineers interact with stakeholders (see, for example, Karlsen, 2008; Mohedas et al.,
2020). Nonetheless, the importance of identifying, analyzing, and engaging stakeholders has become a
notable area for research within the field of engineering design (Klotz et al., 2018). It is posited that
appropriate application of stakeholder analyses can facilitate the framing of issues in a manner that
renders them solvable through technically feasible and politically acceptable means, thereby promoting
the advancement of the common good (Bryson, 2004). Further, good stakeholder identification and
engagement can enhance equity and justice in the engineering design process and can improve the
functionality, inclusiveness, and accessibility of the design (Martin et al., 2021; Reed et al., 2009;
Vredenburg et al., 2002). The concept of stakeholders has been defined in various ways depending on the
field of study. For the purposes of this study, a stakeholder is defined as an individual, a group, or an
entity that possesses influence over or is affected by a project or decision.
Numerous studies have demonstrated that the exploration of a broad range of concepts is crucial to the
success of engineering projects and their corresponding outcomes (Murphy et al., 2022). While
significant, scant research has been conducted on the capacity of engineering teams to delve into a variety
of concepts when determining the principal stakeholders pertinent to the challenges they encounter. In
this paper, we investigate this matter.

2. Background and motivation
Stakeholder engagement has received ample attention in fields such as business and organizational
management (Freeman, 1984), public policy (Bijlsma et al., 2011; Pahl-Wostl, 2002), and resource
management (Prell et al., 2009; Reed et al., 2009, 2018), which are often adjacent to the field of
engineering design. The implementation of stakeholder identification into the engineering process allows
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the people and organizations affected by a project to take a central role in influencing design
specifications and engineering requirements. By conducting a thorough stakeholder analysis, engineers
can prioritize the needs and concerns of these entities and identify potential risks and opportunities
(Eschenbach & Eschenbach, 1996). This approach possesses the potential to empower engineering teams
to make proactive, informed decisions while balancing social, environmental, and economic objectives in
the development of products, services, and processes that are functional, inclusive, and accessible. One
area of engineering that has well-established stakeholder engagement methods and approaches is
requirements engineering (Pacheco & Garcia, 2012; Sharp et al., 1999b), however, stakeholder
engagement within other engineering disciplines, particularly in engineering design, seems to lack
clarifications. Research on the development of guidelines in identifying stakeholders has recently started
to address this issue (Leventon et al., 2016). Further, the first step of stakeholder engagement,
stakeholder identification, is often taken for granted or overlooked, with design teams often carrying over
previous stakeholder lists from related design projects. In worst cases, this can lead to the continued
marginalization of traditionally overlooked groups in engineering (Reed et al., 2009). Additionally, we
have experienced students’ resistance to engaging in stakeholder analysis in our engineering design
classrooms, where students prefer to jump into concept generation and prototyping rather than taking the
time to identify stakeholders and learn about their needs.
Another challenge with stakeholder identification is that it can be challenging to teach. The process of
identifying and engaging stakeholders presents considerable pedagogical challenges for educators and
students due to the multifaceted criteria required to determine pertinent stakeholders. Moreover, there is a
paucity of clear and explicit methodological frameworks in design that facilitate these decisions,
particularly within the context of engineering education (Mohedas et al., 2020). In other fields,
stakeholder identification is often done by going through a checklist, assembling a group of individuals
for a stakeholder brainstorming meeting, or by adopting previous lists of stakeholders from earlier
projects (Bryson, 2004). One way to help engineers and designers during the imperative stage of
stakeholder identification may be to leverage research on divergent thinking. Divergent thinking is
defined as generating many different ideas or concepts in response to a given topic (Guilford, 1957).
Since the goal of stakeholder identification is often to identify the most comprehensive list of entities
impacted by a project, there is reason to believe that one’s ability to identify stakeholders may be linked
with one’s divergent thinking ability; previous research has shown a similar result in the case of
requirement identification (Burnay et al., 2016). If this is the case, researchers and educators in
engineering design may be able to draw on the vast literature on divergent thinking to enhance both
divergent thinking skills and one’s ability to identify stakeholders.
Divergent thinking has received a great deal of attention in fields like psychology, engineering, and
organizational behavior as it is generally considered to be a key measure of creativity. One common way
of measuring divergent thinking is using Guilford’s Alternate Uses Task (AUT) (1967). In the AUT,
individuals are given a common object like a brick, a pencil, or a pillow and are asked to generate as
many unusual uses for the object as possible (George & Wiley, 2019; Oliva & Storm, 2023). There are
several different ways of analyzing responses to the AUT. In this work, we focus on three of the four
traditional measures used to evaluate responses on the AUT: fluency, originality, and flexibility. In the
AUT, fluency is defined as how many uses a participant developed for a given item; it is measured by
counting the total number of distinct uses an individual listed. Originality considers how infrequently a
specific use came up. This can be manually coded or can be assessed using measures like semantic distance
(Beaty et al., 2022). Flexibility looks at how many different categories of uses an individual listed and is
often coded manually. We consider these three measures in the following work. A fourth measure,
elaboration, is also often assessed, which looks at the level of detail of an individual’s responses; we chose
to omit elaboration in this work, as detailed in the methods section. In addition to being able to leverage
existing work on divergent thinking if stakeholder identification and divergent thinking are linked, it may
also allow for a new method to measure stakeholder identification, which has been challenging to measure.
The primary research question for this work is How is a team’s divergent thinking ability and ability to
identify stakeholders related? Our overarching hypothesis is that teams that demonstrate better divergent
thinking skills will also do a better job at identifying stakeholders in a design project. Guided by the
common concepts within the divergent thinking and alternate uses task literature, we explore more
specifically:
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RQ 1.1: How is a team’s fluency in the AUT and fluency in stakeholder identification related?

• Hypothesis 1.1: We anticipate that a team’s fluency in the AUT and fluency in stakeholder
identification are positively correlated.

RQ 1.2: How is a team’s originality in the AUT and originality in stakeholder identification related?

• Hypothesis 1.2: We anticipate that a team’s originality in the AUT and in stakeholder
identification are positively correlated.

RQ 1.3: How is a team’s flexibility in the AUT and flexibility in stakeholder identification related?

• Hypothesis 1.3: We expect that a team’s flexibility in the AUT and in stakeholder identification
are positively correlated.

RQ 1.4: How is a team’s elaboration in the AUT and elaboration in stakeholder identification related?

• Hypothesis 1.4: We expect that a team’s elaboration in the AUT and in stakeholder identification
are positively correlated.

3. Methods
The research question we address in this study is how a team’s divergent thinking ability and ability to
identify stakeholders are related. We examine this question from each of the four concepts used in the
Alternative Uses Task: fluency, originality, flexibility, and elaboration. This research was conducted
using a within-subjects research design where teams of students completed two tasks: the Alternate Uses
Task to measure divergent thinking and a stakeholder identification task based on a design vignette.

3.1. Research context
Participants were students in two different upper-level engineering courses at a public university on the East
Coast of the United States. Students were randomly assigned to teams of 4 students, and the research was
approved by the University’s Institutional Review Board. A total of 60 students from 15 teams participated
in this research. Only 56-57 of the participants completed the demographics questions. The average age of
students was 23.5 years. The sample was 57.1% female, 41.1%male, and 1.8% non-binary, other, or prefer
not to say. Participants were 12.5% Asian, 7.1% Black, 5.4% Latinx, 3.6%Mid-African, 60.7%White, and
10.7% two or more races. 49.1% of participants were undergraduates and 50.9% of participants were
graduate students. Participants came from a variety of disciplines, including Aerospace Engineering
(1.8%), Architectural History (1.8%), Architecture (22.8%), Biomedical Engineering (5.2%), Civil
Engineering (29.7%), Computer Science (1.8%), Engineering Science (1.8%), Landscape Architecture
(1.8%), Mechanical Engineering (3.5%), Public Policy (3.5%), and Systems Engineering (26.3%).

3.2. Procedure and data collection
Whenstudents arrivedat classon thedayof the study, theywere randomlyassigned to teams.Next, participants
completed IRB consent documentation. They then completed a survey that included demographics questions.
Students then worked with their teams on a set of team activities following a set of written instructions. They
beganwith brief team introductions.Thedata used in this studywas collected as part of a larger study exploring
the relationship between team psychological safety and stakeholder identification.
Participantswere given a design vignette focused on a proposed trail pavement restoration project. The project
description included a written description, photos of the trail, and a map of the relevant area to enhance the
realism of the study, and the proposed project description and images were pulled directly from the city’s
website. Participants were asked to read the design vignette, then “use 5 minutes to list all of the individuals,
groups, and entities whowill be AFFECTEDby the project. Be as specific as possible.”Teams createdwritten
lists of these stakeholders which we later used to evaluate a team’s ability to identify stakeholders.
Participants were then asked to complete the Alternate Uses Task (AUT) (Guilford, 1967) to evaluate the
team’s divergent thinking ability. They were asked specifically “As a team, please write down as many
unusual uses for the following object as possible: brick.” They were also provided with an image of a
brick. The AUT is frequently time-limited, with studies using various time limits such as 2 minutes
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(Dumas & Strickland, 2018; Wahbeh et al., 2024), 3 minutes (Sahar, 2022), 5 minutes (Erwin et al.,
2022); this study allocated a 3 minute time limit to facilitate the progression of participants through the
procedure, while avoiding an unnecessary limitation on the quantity of responses.. Upon completion of
these two tasks, teams submitted written lists of the stakeholders they identified and of their unusual uses
for the brick. This resulted in 15 AUT lists and 15 stakeholder ID lists which were used in our analysis.

3.3. Data analysis
To compare the results from the stakeholder identification task and the results from the AUT, the
traditional measures considered in AUT coding were used (Reiter-Palmon et al., 2019). To differentiate
the stakeholder identification task from the AUT, the lists of identified stakeholders were evaluated for
quality and relevance, and irrelevant or seemingly random stakeholders were removed. Six of 213 total
responses were removed, including responses like “safety controls” and “the entire state of Wisconsin,”
which were not relevant stakeholders. Both the stakeholder identification lists, and the alternate uses task
lists were coded for fluency, originality, and flexibility. Fluency was analyzed by counting the number of
distinct stakeholders or alternate uses each team identified. Originality was coded manually to assess the
statistical infrequency of each listed item. Flexibility was analyzed by assessing the number of conceptual
categories within which users or stakeholders could be binned. Flexibility was coded manually using 3
independent coders. Elaboration was analyzed by coding the number of meaningful words per response,
then calculating the average number of meaningful words each team used. A Pearson correlation analysis
was then conducted between the values for fluency, the values of originality, the values of flexibility, and
the values of elaboration on each team.

4. Results

4.1. Fluency
A team’s fluency in the AUT and fluency in identifying stakeholders was correlated with a correlation
coefficient of r=0.542 and a p-value of 0.037, which suggests that this correlation is statistically
significant. This supports our hypothesis that fluency in the AUT and in stakeholder identification would
be positively correlated. The number of stakeholders identified ranged from a minimum of 5 to a
maximum of 20 with an average of 13.1. The number of alternate uses identified ranged from a minimum
of 4 to a maximum of 23 with an average of 16.5. These results are summarized in Tables 1 and 2.

4.2. Originality
A team’s originality in the AUT and originality in identifying stakeholders was correlated with a
correlation coefficient of r=0.655 and a p-value of 0.008, suggesting that this correlation is statistically
significant. This supports our hypothesis that originality in the AUT and in stakeholder identification
would be positively correlated. Originality scores for stakeholders identified ranged from a minimum of
0.046 to a maximum of 0.096 with an average of 0.064. Originality scores for alternate uses identified
ranged from a minimum of 0.010 to a maximum of 0.049 with an average of 0.021. Based on our
calculations, lower originality scores mean that the team identified fewer common stakeholders or users
and therefore lower scores correspond to higher levels of originality. These results are summarized in
Tables 1 and 2.

Table 1. Summary of results of correlation between Alternate Uses Task and Stakeholder
Identification. Statistically significant P-values < 0.05 are starred

Pearson’s correlation
coefficient (r) p-value

Fluency 0.542 0.037*
Originality 0.655 0.008*
Flexibility 0.475 0.073
Elaboration -0.131 0.641
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4.3. Flexibility
A team’s flexibility in the AUT and flexibility in identifying stakeholders was correlated with a
correlation coefficient of r=0.475 and a p-value of 0.073, suggesting that this correlation is not
statistically significant. This does not support our hypothesis that flexibility in the AUT and in
stakeholder identification would be positively correlated. The number of categories of stakeholders
identified ranged from a minimum of 4 to a maximum of 7 with an average of 5.9. The number of
categories of alternate uses identified ranged from a minimum of 2 to a maximum of 10 with an average
of 7.5. These results are summarized in Tables 1 and 2.

4.4. Elaboration
A team’s elaboration in the AUT and elaboration in identifying stakeholders were negatively correlated
with a coefficient of r=−0.131 and a p-value of 0.641, suggesting that this correlation is not statistically
significant. The average number of meaningful words used in stakeholder identification ranged from a
minimum of 1.4 to a maximum of 2.5 with an average of 1.86. The average number of meaningful words
used in the AUT ranged from a minimum of 1 to a maximum of 2.35 with an average of 1.7. These results
are summarized in Tables 1 and 2.

5. Discussion

5.1. Findings
The findings showed that fluency and originality between the AUT and stakeholder identification are
statistically significant. Considering the limited sample size, this suggests that stakeholder identification
was, to some extent, a divergent thinking exercise. While the goal of stakeholder identification certainly
aligns with the principles of divergent thinking, it is necessary to identify the relationship between
divergent thinking and stakeholder identification, as there is reason to believe that there may be distinct
differences between the two. Stakeholder identification, for example, is highly context-dependent, and
one’s ability to adequately identify stakeholders may require deep context-specific knowledge, which is
not always required in divergent thinking. Further, the focus on developing a list of relevant people,
rather than inanimate objects, may meaningfully change the activity. To date, there are few empirical
studies on this aspect.
Conversely, we found that the correlation between flexibility on the AUT and stakeholder
identification was not significant. This did not support our hypothesis, though the inability to detect a
statistically significant difference could be due to our limited sample size or the minimal range of
possible values for flexibility in these activities. Alternatively, the stakeholder identification task
used may not have allowed for a large enough range of categories, which is something to consider in
future work. Similarly, the correlation between elaboration on the AUT and stakeholder identification
tasks was found to be insignificant. This is possibly due to a combination of the time limit imposed
during the tasks; the time limit could incentivize less elaboration in an effort to provide more
responses.

Table 2. Summary of descriptive statistics for results from fluency, originality, flexibility, and
elaboration measures

Measure Activity Minimum Maximum Mean

Fluency Stakeholder identification 5 20 13.1
AUT 4 23 16.5

Originality Stakeholder identification 0.046 0.096 0.064
AUT 0.010 0.049 0.021

Flexibility Stakeholder identification 4 7 5.9
AUT 2 10 7.5

Elaboration Stakeholder identification 1.4 2.5 1.86
AUT 1 2.35 1.7
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These findings suggest that activities that develop divergent thinking could potentially help engineers
and designers better identify stakeholders for design projects. Such activities include cognitive mapping
(Sun et al., 2019) and mind-mapping (White et al., 2012), far-field analogies (White et al., 2012), and
improvisational activities (Felsman et al., 2020; Lewis & Lovatt, 2013; Sowden et al., 2015). These
activities have the potential to be incorporated in both the engineering classroom and in professional
practice to help improve stakeholder identification. Additionally, these findings suggest that divergent
thinking measures such as fluency and originality may be adapted as a way of measuring stakeholder
identification. There is not currently a validated set of measures for stakeholder identification, making it
challenging to evaluate this step during engineering design. The possibility of adapting existing measures
to assess stakeholder identification is promising to advance this area of work.

5.2. Limitations
There are several limitations of this work. First, as the main intent of this study was to pilot the procedures
for a larger study, our sample size was limited to 15 teams. Future research can conduct this work with a
larger sample size with individual participants and with teams to increase statistical power. Running an a
priori correlation analysis in G*Power (Faul et al., 2007, 2009) suggests that a sample size of 134 would be
sufficient to detect moderate correlations between items. Another limitation is that we only incorporated
one stakeholder identification activity and one item for the alternate use task. Future work may consider
incorporating additional stakeholder identification activities in multiple design contexts and additional
items in the AUT to enhance internal validity; a minimum of three different cases for each would be a
good start.

5.3. Research uncovered and future work
This research suggests several directions for future work. First, to address some of the limitations of this
small study, future work should expand on this by incorporating larger sample sizes. Future studies
should also incorporate additional items within the AUT and additional vignettes for stakeholder
identification tasks. These larger studies could also incorporate additional measures such subjective
creativity. It would be helpful to design experiments to investigate whether activities that help build
divergent thinking skills also help with stakeholder identification. Studies can also be developed to
validate whether AUT measure can be used as stakeholder identification measures, and it would be
valuable to further explore potential measures for stakeholder identification. This would expand our
ability to evaluate stakeholder identification in engineering design and to identify and disseminate
activities that can improve engineers’ abilities to identify stakeholders.

6. Conclusion
In this study, we find that fluency and originality between the AUT and a stakeholder identification task
are positively correlated. This suggests that activities shown to enhance divergent thinking may also
improve designers’ abilities to identify stakeholders, which is a critical stage in the engineering design
process. We recommend future studies to expand this study to a larger sample with additional AUT and
stakeholder identification activities to further evaluate the relationship between these two tasks. Future
work can also explicitly evaluate the effectiveness of activities shown to improve divergent thinking on
stakeholder identification. Studies can also consider whether measures from the AUT can be adapted to
measure stakeholder identification abilities.

References
Beaty, R. E., Johnson, D. R., Zeitlen, D. C., & Forthmann, B. (2022). Semantic distance and the alternate uses

task: Recommendations for reliable automated assessment of originality. Creativity Research Journal, 34(3),
245–260. https://doi.org/10.1080/10400419.2022.2025720

Bijlsma, R. M., Bots, P. W. G., Wolters, H. A., & Hoekstra, A. Y. (2011). An empirical analysis of stakeholders’
influence on policy development: The role of uncertainty handling. Ecology and Society, 16(1). https://www.
jstor.org/stable/26268861

1730 ICED25

https://doi.org/10.1080/10400419.2022.2025720
https://www.jstor.org/stable/26268861
https://www.jstor.org/stable/26268861


Bryson, J. M. (2004). What to do when stakeholders matter: stakeholder identification and analysis techniques.
Public Management Review, 6(1), 21–53. https://doi.org/10.1080/14719030410001675722

Burnay, C., Horkoff, J., & Maiden, N. (2016). Stimulating stakeholders’ imagination: New creativity triggers
for eliciting novel requirements. 2016 IEEE 24th International Requirements Engineering Conference (RE),
36–45. https://doi.org/10.1109/RE.2016.36

Dumas, D. G., & Strickland, A. L. (2018). From book to bludgeon: A closer look at unsolicited malevolent
responses on the alternate uses task. Creativity Research Journal, 30(4), 439–450. https://doi.org/10.1080/
10400419.2018.1535790

Erwin, A. K., Tran, K., & Koutstaal, W. (2022). Evaluating the predictive validity of four divergent thinking tasks
for the originality of design product ideation. PLOS ONE, 17(3), e0265116. https://doi.org/10.1371/journal.
pone.0265116

Eschenbach, R. C., & Eschenbach, T. G. (1996). Understanding why stakeholders matter. Journal of Management
in Engineering, 12(6), 59–64. https://doi.org/10.1061/(ASCE)0742-597X(1996)12:6(59)

Felsman, P., Gunawardena, S., & Seifert, C. M. (2020). Improv experience promotes divergent thinking,
uncertainty tolerance, and affective well-being. Thinking Skills and Creativity, 35, 100632. https://doi.org/10.
1016/j.tsc.2020.100632

Freeman, R. E. (1984). Strategic management: A stakeholder approach. Pitman Publishing.
George, T., & Wiley, J. (2019). Fixation, flexibility, and forgetting during alternate uses tasks. Psychology of

Aesthetics, Creativity, and the Arts, 13(3), 305–313. https://doi.org/10.1037/aca0000173
Guilford, J. P. (1967). The nature of human intelligence. McGraw-Hill.
Guilford, J. P. (1957). Creative abilities in the arts. Psychological Review, 64(2), 110–118. https://doi.org/10.1037/

h0048280
Karlsen, J. T. (2008). Forming relationships with stakeholders in engineering projects. European J. of Industrial

Engineering, 2(1), 35. https://doi.org/10.1504/EJIE.2008.016328
Klotz, L., Weber, E., Johnson, E., Shealy, T., Hernandez, M., & Gordon, B. (2018). Beyond rationality in

engineering design for sustainability. Nature Sustainability, 1(5), 225–233. https://doi.org/10.1038/s41893-
018-0054-8

Leventon, J., Fleskens, L., Claringbould, H., Schwilch, G., & Hessel, R. (2016). An applied methodology for
stakeholder identification in transdisciplinary research. Sustainability Science, 11(5), 763–775. https://doi.org/
10.1007/s11625-016-0385-1

Lewis, C., & Lovatt, P. J. (2013). Breaking away from set patterns of thinking: Improvisation and divergent
thinking. Thinking Skills and Creativity, 9, 46–58. https://doi.org/10.1016/j.tsc.2013.03.001

Martin, D. A., Conlon, E., & Bowe, B. (2021). Using case studies in engineering ethics education: The case for
immersive scenarios through stakeholder engagement and real life data. Australasian Journal of Engineering
Education, 26(1), 47–63. https://doi.org/10.1080/22054952.2021.1914297

Mohedas, I., Sienko, K. H., Daly, S. R., & Cravens, G. L. (2020). Students’ perceptions of the value of stakeholder
engagement during engineering design. Journal of Engineering Education, 109(4), 760–779. https://doi.org/
10.1002/jee.20356

Murphy, L., Daly, S., Seifert, C., & Clancy, S. (2022). Divergent thinking in engineering: Diverse exploration is
key to successful project outcomes. 2022 ASEE Annual Conference & Exposition Proceedings, 41921. https://
doi.org/10.18260/1-2–41921

Pacheco, C., & Garcia, I. (2012). A systematic literature review of stakeholder identification methods in
requirements elicitation. Journal of Systems and Software, 85(9), 2171–2181. https://doi.org/10.1016/j.jss.
2012.04.075

Pahl-Wostl, C. (2002). Participative and stakeholder-based policy design, evaluation and modeling processes.
Integrated Assessment, 3(1), 3–14. https://doi.org/10.1076/iaij.3.1.3.7409

Prell, C., Hubacek, K., & Reed, M. (2009). Stakeholder analysis and social network analysis in natural resource
management. Society & Natural Resources, 22(6), 501–518. https://doi.org/10.1080/08941920802199202

Reed, M. S., Graves, A., Dandy, N., Posthumus, H., Hubacek, K., Morris, J., Prell, C., Quinn, C. H., & Stringer, L.
C. (2009). Who’s in and why? A typology of stakeholder analysis methods for natural resource management.
Journal of EnvironmentalManagement, 90(5), 1933–1949.

https://doi.org/10.1016/j.jenvman.2009.01.001
Reed, M. S., Vella, S., Challies, E., DeVente, J., Frewer, L., Hohenwallner‐Ries, D., Huber, T.,Neumann, R. K.,

Oughton, E. A., Sidoli Del Ceno, J., & Van Delden, H. (2018). A theory of participation:What makes stake
holder and public engagement in environmental management work? Restoration Ecology, 26(S1). https://doi.
org/10.1111/rec.12541

Reiter-Palmon, R., Forthmann, B., & Barbot, B. (2019). Scoring divergent thinking tests: A review andsystematic
framework. Psychology of Aesthetics, Creativity, and the Arts, 13(2), 144–152.https://doi.org/10.1037/
aca0000227

Sahar, A. (2022). When the measure affects the outcome more than the intervention: the unexpected effect of object
differences on alternate uses test (AUT) scores [M.A.S., University of Toronto(Canada)].In Pro Quest

ICED25 1731

https://doi.org/10.1080/14719030410001675722
https://doi.org/10.1109/RE.2016.36
https://doi.org/10.1080/10400419.2018.1535790
https://doi.org/10.1080/10400419.2018.1535790
https://doi.org/10.1371/journal.pone.0265116
https://doi.org/10.1371/journal.pone.0265116
https://doi.org/10.1061/(ASCE)0742-597X(1996)12:6(59)
https://doi.org/10.1016/j.tsc.2020.100632
https://doi.org/10.1016/j.tsc.2020.100632
https://doi.org/10.1037/aca0000173
https://doi.org/10.1037/h0048280
https://doi.org/10.1037/h0048280
https://doi.org/10.1504/EJIE.2008.016328
https://doi.org/10.1038/s41893-018-0054-8
https://doi.org/10.1038/s41893-018-0054-8
https://doi.org/10.1007/s11625-016-0385-1
https://doi.org/10.1007/s11625-016-0385-1
https://doi.org/10.1016/j.tsc.2013.03.001
https://doi.org/10.1080/22054952.2021.1914297
https://doi.org/10.1002/jee.20356
https://doi.org/10.1002/jee.20356
https://doi.org/10.18260/1-2--41921
https://doi.org/10.18260/1-2--41921
https://doi.org/10.1016/j.jss.2012.04.075
https://doi.org/10.1016/j.jss.2012.04.075
https://doi.org/10.1076/iaij.3.1.3.7409
https://doi.org/10.1080/08941920802199202
https://doi.org/10.1016/j.jenvman.2009.01.001
https://doi.org/10.1111/rec.12541
https://doi.org/10.1111/rec.12541
https://doi.org/10.1037/aca0000227
https://doi.org/10.1037/aca0000227


Dissertations and Theses (2743505329).Pro Quest Dissertations &Theses Global. https://www.proquest.com/
dissertations-theses/when-measure-affects-outcome-more-than/docview/2743505329/se-2?accountid=8361

Sharp, H., Finkelstein, A., & Galal, G. (1999a). Stakeholderidentification in therequirementsengineering process.
Proceedings. Tenth International Workshop on Database and Expert SystemsApplications. DEXA 99, 387–
391. https://doi.org/10.1109/DEXA.1999.795198

Sharp, H., Finkelstein, A., & Galal, G. (1999b). Stakeholder identification in therequirementsengineering process.
Proceedings. Tenth International Workshop on Database and Expert Systems Applications. DEXA 99, 387–
391. https://doi.org/10.1109/DEXA.1999.795198

Sowden, P. T., Clements, L., Redlich, C., & Lewis, C. (2015). Improvisation facilitates divergentthinking and
creativity: Realizing a benefit of primary school artseducation. Psychology ofAesthetics, Creativity, and the
Arts, 9(2), 128–138. https://doi.org/10.1037/aca0000018

Sun, M.,Wang, M., &Wegerif, R. (2019). Using computer‐basedcognitivemapping to improvestudents’ divergent
thinking forcreativity development. British Journal of EducationalTechnology, 50(5), 2217–2233. https://doi.
org/10.1111/bjet.12825

Vredenburg, K., Mao, J.-Y., Smith, P. W., & Carey, T. (2002). A survey of user-centered designpractice. 1.
Wahbeh, H., Cannard ,C., Yount, G., Delorme, A., &Radin, D. (2024).Creativeself-belief responses versus manual

and automated alternate use task scoring: A cross-sectional study. Journal ofCreativity, 34(3), 100088. https://
doi.org/10.1016/j.yjoc.2024.100088

White, C. K., Wood, K. L., & Jensen, D. (2012). Frombrainstorming to c-sketch to principles ofhistorical
innovators:ideation techniquesto enhance student creativity. Journal ofSTEM Education, 13(5).

1732 ICED25

https://www.proquest.com/dissertations-theses/when-measure-affects-outcome-more-than/docview/2743505329/se-2?accountid=8361
https://www.proquest.com/dissertations-theses/when-measure-affects-outcome-more-than/docview/2743505329/se-2?accountid=8361
https://doi.org/10.1109/DEXA.1999.795198
https://doi.org/10.1109/DEXA.1999.795198
https://doi.org/10.1037/aca0000018
https://doi.org/10.1111/bjet.12825
https://doi.org/10.1111/bjet.12825
https://doi.org/10.1016/j.yjoc.2024.100088
https://doi.org/10.1016/j.yjoc.2024.100088

	Exploring the relationship between stakeholder identification and divergent thinking on design teams
	1.. Introduction
	2.. Background and motivation
	3.. Methods
	3.1.. Research context
	3.2.. Procedure and data collection
	3.3.. Data analysis

	4.. Results
	4.1.. Fluency
	4.2.. Originality
	4.3.. Flexibility
	4.4.. Elaboration

	5.. Discussion
	5.1.. Findings
	5.2.. Limitations
	5.3.. Research uncovered and future work

	6.. Conclusion



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


