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Can Induced Gratitude Improve
Creative Performance
on Repurposing Tasks?
Urgent societal problems, including climate change, require innovation and can benefit
from interdisciplinary solutions. A small body of research has demonstrated the potential
of positive emotions (e.g., gratitude, awe) to promote creativity and prosocial behavior,
which may help address these problems. This study integrates, for the first time, psychology
research on a positive prosocial emotion (i.e., gratitude) with engineering-design creativity
research. In a preregistered study design, engineering students and working engineers
(pilot N= 49; full study N= 329) completed gratitude, positive-emotion-control, or
neutral-control inductions. Design creativity was assessed through rated scores of
responses to an Alternate Uses Task (AUT) and a Wind-Turbine-Blade Repurposing Task
(WRT). No significant differences among AUT scores emerged across conditions in either
sample. As only the pilot-study manipulation of gratitude was successful, recommendations
are provided for further studies on the effect of gratitude on engineering-design creativity.
The reported work may also inform other strategies to incorporate prosocial emotion to
help engineers arrive at more original and effective concepts to tackle environmental sus-
tainability, and in the future, other problems facing society. [DOI: 10.1115/1.4052586]
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1 Introduction
One aspect of creativity commonly studied by engineering-

design researchers involves design fixation [1], and how to over-
come its detrimental effects on design outcomes [2–4]. A related
barrier in engineering design is that of functional fixedness (i.e.,
an inability to perceive uses for an object other than its intended
or common uses) [5], which can make it difficult to generate crea-
tive concepts and object uses.
Recent research has documented a relationship between design-

ers’ personal characteristics and their tendency towards design fix-
ation and lower creativity. For example, previous work has
demonstrated that designers’ Need for Closure (i.e., desire for cer-
tainty) [6] is correlated with higher design fixation [7] and func-
tional fixedness [8], as well as both increased functional fixedness
and reduced creativity when completing an Alternate Uses Task
(AUT) [9]. Furthermore, psychology research consistently demon-
strates connections between individuals’ emotional experiences and
their creativity. Specifically, both trait levels of positive affect and
induced positive mood (e.g., happiness, gratitude) correlate with
greater creativity [10]. Furthermore, emerging links between
designers’ emotions and computer-aided design (CAD) events
reveal that some emotions are more likely to occur with certain
CAD actions [11]. Combined, these findings suggest that examining
the individual characteristics and experiences of designers may
provide insights toward improved creativity by overcoming
design fixation and functional fixedness.
One particularly promising approach to promote creativity is

through the individual experience of gratitude. While the positive
emotion of gratitude has been linked to both increased creativity
[12] and prosocial behavior [13] in other contexts, its potential to
promote individuals’ ability to generate creative engineering con-
cepts has not yet been explored. Therefore, we aimed to investigate

the effects of inducing gratitude on individuals’ engineering-design
creativity while addressing a pressing real-world sustainability
system.

1.1 Benefits of Combining Social-Psychological and
Engineering Concepts. Prior research has demonstrated that
applying social-psychological theory to engineering-design contexts
can help designers overcome design fixation and produce more cre-
ative design ideas. In particular, empathic design—whereby design-
ers take on the perspective of their target user or simulate their
experiences in the process of needfinding [14–18]—is linked to
greater idea originality [16,17] and generation [19].
Inducing the affective component of empathy by sharing the

user’s emotional experience is particularly effective for generating
more original ideas [16] and includes the use of “empathic lead
users” [20,21]. The empathic lead-user approach helps designers
to understand latent needs that benefit users but may not be imme-
diately obvious from observing or asking users [20].
Combining psychological and engineering theory may be partic-

ularly beneficial for the early stages of the design process, as well as
challenges that require innovative repurposing of material, which
are especially prone to design fixation and functional fixedness.
Thus, we aimed to combine psychological research on gratitude
with engineering-design creativity research to help designers gener-
ate novel ideas when repurposing objects.

1.2 Gratitude and Creativity. Psychology research has
shown the power of gratitude to promote increased prosocial moti-
vation and behavior [13]. In addition to—and perhaps driven by—
these prosocial benefits, literature has begun to link gratitude to
increased creativity. Specifically, self-reported gratitude has been
associated with higher creativity scores among counseling psychol-
ogists, including more flexible therapeutic approaches [12]. In addi-
tion, feeling grateful for one’s coworkers can promote higher
employer ratings of employee creativity [22]. Importantly,
self-reported gratitude has been correlated with greater perspective-
taking [23], and both self-reports and experimental inductions of
gratitude (through receiving a favor) have been linked to helping
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others [24]. As such, similar to the benefits of empathic-design
approaches, gratitude may help people think more flexibly, under-
stand the needs of others, and promote a desire to help others.
Such benefits may help designers persevere in the face of design fix-
ation and functional fixedness to arrive at novel solutions that can
fulfill their desire to provide a benefit to others. Though there is
less experimental research in this area, experimental effects typi-
cally replicate self-report findings [24], and gratitude can be effec-
tively induced in numerous ways, including receiving favors and
recalling prior experiences [25].
Initial evidence on the creativity of teams shows promise for this

line of thinking, given that teams who report more gratitude—as
compared to general positive emotion—generated more creative
and elaborated ideas [26]. Although this evidence stems from
group contexts, it may not be necessary to feel grateful for one’s
team members to generate more creative concepts. For example,
gratitude can be elicited by both interpersonal (e.g., receiving a
costly benefit from a close other) and personal (e.g., appreciating
one’s surroundings) experiences [27]. Further, appreciating
aspects of one’s life or the people in it may also prompt a desire
to benefit others more generally [28,29], in this case through gener-
ating helpful concepts.
As such, feeling grateful may also help individuals think flexibly

to overcome design fixation and functional fixedness and generate
more creative concepts, potentially through increasing their desire
to help others. While generating alternate uses is an underexplored
approach for tackling end-of-life environmental problems, engi-
neers may see the possibility to create solutions that benefit
society as a positive opportunity to effect change through design.
Thus, inducing feelings of gratitude may help engineering designers
generate more innovative repurposing concepts.

1.3 Application to Sustainability. Prior research has high-
lighted the need for effective tools to overcome barriers of design
fixation and functional fixedness to arrive at more innovative
design solutions, including new ways to repurpose objects. Thus,
a particularly relevant context for examining the potential relation-
ship between gratitude and creative engineering design is the sus-
tainability challenge presented by retired wind-turbine blades.
While wind energy is an important component of renewable
energy, and wind turbines help meet the rising demand for both
energy and reduced fossil-fuel use [30], they come with an under-
addressed environmental challenge. Wind-turbine blades are
designed to maximize energy production, but for safety reasons,
are preemptively retired before they might dangerously fail. A chal-
lenge this presents is that these large and uniquely shaped blades
have limited end-of-life options [31,32].
Although wind-turbine blades can be disposed of in landfills, this

outcome is clearly not environmentally optimal. Another option—
incineration—may also be unsuitable due to the materials used in
wind-turbine blades. Furthermore, compared to typical wind-
turbine blades, more durable wind-turbine blades use more material
[33] that is difficult to recycle due to its composition [34]. While
repurposing is an avenue ripe with potential to reduce the environ-
mental impact of retired wind-turbine blades, their size, shape, and
composition limit reuse options [34]. Thus, the current work aims to
improve the ability to generate alternative-use ideas for decommis-
sioned wind-turbine blades [31].

1.4 Current Wind-Turbine-Blade Repurposing Options.
While limited reuse applications for retired wind-turbine blades
exist, they are neither widely scalable nor sufficient to address an
ever-growing number of retired parts. Wind-turbine blades have
an approximately 20-year lifespan, which means that their
end-of-life impact on the environment is just beginning to
emerge. With over 77,000 turbines currently installed in Europe
[34] and another 57,000 in the United States as of 2018 [35],
de-commissioned blades will only continue to grow in quantity.

Current repurposing options include architectural and art installa-
tions, both of which may require difficult transportation and/or
transformation of large wind-turbine blade pieces [30]. Art installa-
tions may require less transformation of parts but cannot realisti-
cally address the large quantity of currently and soon-to-be
decommissioned blades.
Thus, the current study aims to promote engineering-design cre-

ativity in general, and increase the quality and number of ways to
repurpose wind-turbine blades in particular. Generating new alter-
nate uses for these and other retired parts may reduce their negative
environmental impact while providing other useful products and
infrastructure to society.

1.5 Research Questions, Hypotheses, and Key Contri-
butions. In the current work, we aimed to address three research
questions. First, can we effectively induce gratitude in individual
engineering designers? We chose to induce gratitude by asking
designers to recall grateful experiences, which has been shown to
be effective in other contexts [25]. Second, can gratitude (or posi-
tive emotion in general) promote engineering-design creativity?
We hypothesized that gratitude would promote greater engineering-
design creativity. Utilizing a preregistered and high-powered study
design, we experimentally tested the hypothesis that gratitude (as
compared to both a general-positive-emotion and neutral-control
condition) can lead designers to be more creative. Creativity was
operationalized as generating more and higher-quality alternate
uses for objects in general, and retired wind-turbine blades in partic-
ular. Third, we tested whether prosocial motivation (i.e., a desire to
help others)2 drives the potential relationship between gratitude and
engineering-design creativity.
This study thus makes three key contributions to the literature.

First, it integrates psychology research on positive emotions and
prosocial behavior with engineering-design research. Second, it
tests whether gratitude (as opposed to general positivity) can
uniquely promote creative, prosocial engineering design, particu-
larly when design fixation and functional fixedness may be obsta-
cles. Finally, this research tests a mechanism to reveal what may
drive the hypothesized link between gratitude and creative design.

2 Materials and Methods
A pilot (N= 49) and a high-powered full version (N= 329) of the

study were conducted to test our hypotheses. Our mediation hypoth-
esis was only tested in the full sample. The following sections
describe the participants, study procedures, and materials.

2.1 Open-Science Approach. To promote transparency and
reproducibility in scientific research, we took an open-science
approach to our data collection. We preregistered the study
design, recruitment, hypotheses, and analyses for both samples on
the Open Science Framework at osf.io/GDXBE.

2.2 Participants. The pilot and full-study sample sizes were
both determined by a priori power analyses (calculated in
G*Power) [36]. The target pilot-study sample size of 80 participants
was recruited, but only 49 participants were (1) interested in com-
pleting the study after screening, (2) in one of the three retained con-
ditions,3 and (3) passed attention checks. This sample of 49
provided us with 80% power to detect a moderate effect size ( f 2

= .20) among three groups for six outcomes. The target full-study

2We also examined decreased need for closure (i.e., a desire for certainty) as a
potential mechanism for these effects. Results of these analyses did not support hypoth-
eses. For more information, see our preregistration at osf.io/GDXBE.

3Our pilot sample included a fourth condition, in which participants reported an
experience of awe. However, awe was not successfully induced in the pilot study, so
this condition was not included in the full study. As such, pilot analyses focused on
participants in the other three conditions. See our preregistration for more information:
osf.io/GDXBE.
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sample size was 330, which was achieved, but one participant was
removed from the final sample due to failing an attention check.
This provided us with 80% power to detect a small-to-moderate
effect ( f 2= .03) with six outcomes.

2.2.1 Pilot-Study Participants. Pilot-study participants were
49 engineering employees and/or students (42 men, seven
women), who ranged in age from 18 to 39 years (M= 23.96,
SD = 4.46). Roughly half of the participants (21) were engineering
students only, nine participants were engineering employees only,
and 19 participants reported being both an engineering employee
and student. The most-represented engineering disciplines were
computer, mechanical, and electrical. Participants were recruited
online through Prolific Academic, which has been shown to
promote the recruitment of diverse participants, towards higher-
quality data [37].

2.2.2 Full-Study Participants. Full-study participants were
329 engineering employees and/or students (257 men, 71 women,
one non-binary), who were 18–52 years old (M= 24.7, SD= 5.9),
also recruited from Prolific Academic. Roughly half of the partici-
pants (157) were engineering students only, 80 participants were
engineering employees only, and 92 participants reported being
both an engineering employee and a student. Pilot-study partici-
pants were not eligible to take part in the full study. The
most-represented engineering disciplines were again computer,
mechanical, and electrical.

2.3 Study Design and Procedure Overview. Participants
completed all portions of the study through an online survey. Inter-
ested participants completed eligibility questions (e.g., engineering
employee and student status) and eligible participants were invited
to complete the study. Participants first completed our experimental
induction. In a between-subjects design, participants in both the
pilot and full versions of the study were randomly assigned to
one of three experimental inductions or conditions (see Fig. 1),
which contained approximately equal numbers of participants.
After completing their respective induction tasks, all participants

completed a manipulation check to establish the effectiveness of the
inductions. Next, participants (in the full study only) completed a
brief assessment of the mechanism we expected to explain predicted
links between gratitude and creativity (i.e., prosocial motivation).
Participants then completed the Alternate Uses Task (AUT) and
Wind-Turbine-Blade Repurposing Task (WRT), before being
debriefed and receiving compensation (2.40 GBP). Responses to
the study tasks were scored by two research assistants, both of
whom were blind to study hypotheses, to gather more objective
assessments of creativity.

2.4 Experimental Conditions

2.4.1 Gratitude Induction. In a procedure adapted from prior
research [26], participants assigned to the gratitude condition read
the following prompt encouraging them to recall a vivid experience
of gratitude:

For the next two minutes, please recall a vivid experience of a time you
felt grateful (i.e., thankful, appreciative). Please describe how and
when this experience occurred and why you felt grateful.

Participants were given a text box in which to type their response
and were unable to advance to the next task until two minutes had
elapsed to encourage engagement.

2.4.2 General-Positivity-Control Condition. To further discern
whether gratitude, compared to general positive affect, could
uniquely promote design creativity, our first control condition
asked participants to recall a generally positive experience. Specifi-
cally, this prompt read:

For the next two minutes, please recall a vivid experience of a time you
felt positive (e.g., happy, amused). Please describe how and when
this experience occurred and why you felt positive.

The procedure in this condition was otherwise identical to the
gratitude induction. A common induction method (i.e., recalling a
vivid experience) for both the gratitude and positivity conditions
also avoids confounding induction method and emotions (i.e., grat-
itude and general positive affect).

2.4.3 Neutral-Control Condition. If both general positive
emotion and gratitude increase creativity, it would be important to
know whether these are both effective as compared to feeling
neutral. Otherwise, it would be unclear whether the benefit was
from recalling an experience alone or from the experience of
general positive emotion (or gratitude) in particular. Thus, partici-
pants in the neutral-control condition were asked to recall a
neutral experience. The prompt in this condition read:

For the next two minutes, please recall a recent experience of a time
you engaged in an ordinary daily activity (e.g., getting ready in the
morning, preparing a meal, doing laundry, etc.). Please describe the
experience and when it occurred.

Otherwise, the procedure matched the other conditions.

2.5 Manipulation Check. Participants in each of the three
conditions were then asked to report (in separate items) the extent
to which they currently felt grateful, and generally positive (i.e.,
“To what extent do you feel grateful/positive right now?”) on a
scale of 0 (not at all) to 6 (extremely).

2.6 Mechanism Assessment. Full-study participants then
completed an assessment of prosocial motivation. This measure
allowed us to test whether prosocial motivation may be the mecha-
nism through which gratitude can promote creative design.
Prosocial motivation was assessed with four items (α= .70) (see
Appendix A). This scale had a sufficient alpha value, which
assesses internal consistency (i.e., the extent to which scale items
are related to each other).

2.7 Concept Generation Tasks

2.7.1 Alternate Uses Task. Participants completed an AUT,
which asked them to list all the possible uses they could think of
for a particular object [38]. A spoon was chosen as the target
object, as most people should be familiar with both the object and
its size. Participants were given 5 mins (in the pilot study) and
3 mins (in the full study) to complete this task, after which the
survey auto-advanced to the next task.

Fig. 1 Study design: note that the mechanism assessment was
not completed by the pilot participants
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In addition to providing a general measure of creativity [9], the
AUTmay have helped participants to prepare for the more challeng-
ing WRT [31]. Completing an easier task first has been shown to
help participants feel more comfortable and less restricted in subse-
quent tasks [39].

2.7.2 Wind-Turbine-Blade Repurposing Task. In a procedure
adapted from prior research [40], participants were then given
15 min to read the WRT instructions and complete the task (see
Appendix B for instructions). To promote better performance,
these instructions encouraged participants to avoid examples of
commonly generated but unsafe alternative uses (e.g., airplane
wings).
Participants were provided with isometric and orthogonal views

of the section of the blade that they were asked to repurpose (see
Appendix B) to promote the generation of concepts that are feasible
given the blade’s shape. These views also included a depiction of a
human to help participants generate concepts of appropriate scale.

2.8 Creativity Assessment Criteria. Task performance (i.e.,
creativity) was assessed through several criteria, all of which
required scoring. Participants’ task responses were rated by two
independent raters who were blind to the study hypotheses to
reduce biasing of the results. As creativity is a socially desirable
trait, participant self-reports may be less accurate (i.e., inflated) in
this context. These independent ratings thus offered more objective
and accurate assessments of creativity.
Our coding procedure was adapted from prior relevant work that

assessed creativity [31,40]. The raters were two undergraduate psy-
chology students who had not previously coded AUT or WRT
responses. To improve accuracy, these raters completed group train-
ing in which they received AUT andWRT instructions, descriptions
of each assessment criterion, and examples of scored responses
from a previously collected sample of participants [31,40].
Coders did not view any of the pilot or full-study sample responses
until training was complete. We then calculated reliability among
raters in the form of intra-class correlation coefficients (ICCs).
Where reliability was acceptably high (i.e., at least 0.60), ratings
were averaged to create one score per participant for each criterion.
This technique was implemented in favor of the Consensual Assess-
ment Technique (CAT) for coding [41]. Our psychology-student
coders did not have the necessary background knowledge to be con-
sidered expert judges without training from us, and it is recom-
mended that consensual assessment judges not be trained by the
researcher [42]. However, both techniques utilize inter-rater relia-
bility to determine agreement among the judges, which we have
operationalized as ICC values.
Before scoring participants’ responses from the full version of the

study, raters consulted the engineering-professor co-author with
experience in coding AUT and WRT task responses. The raters
also met to resolve scoring discrepancies from the pilot-study
data. This improved assessment clarity and accuracy, leading to
high inter-rater reliability. Assessment criteria are described in
turn for each task in the following sections.

2.8.1 Alternate Uses Task Assessment Criteria. AUT
responses were scored according to four established criteria (i.e.,
fluency, flexibility, elaboration, originality) [38,40,43].
Fluency referred to the number of unique uses for a spoon that

each participant generated [38,40]. Raters allocated one point per
unique use and then summed points to create a fluency score.
Flexibility, the second criterion, referred to the number of unique

categories that a participant’s list of alternative uses spanned. For
example, using a spoon as a coffee stir stick and a tool to scramble
eggs would only represent one category (i.e., stirring/mixing).
Alternative spoon uses from other categories included digging
and measuring quantities of material. Raters allocated one point
per unique category, and these points were summed to create a
total flexibility score.

Elaboration of the responses was operationalized as the degree to
which participants provided detail in their responses. Elaboration
was scored on a scale of 0 to 2. Responses that provided little or
no detail (e.g., “to stir”) received a score of 0. Responses like “to
stir food or drinks,” which provided some additional detail received
a score of 1. Highly detailed responses (e.g., “to stir food or drinks
to ensure that ingredients are well-mixed”) received a score of 2. A
mean of elaboration scores across each participant’s list of alterna-
tive uses provided an assessment of each participant’s average level
of response detail.
Originality scores provided an additional key measure of creativ-

ity, given that novel and innovative products are highly valued in
engineering design [44]. Uses were sorted into one of three original-
ity categories: common (given a score of 0), moderately original
(given a score of 1), and highly original (given a score of 2). To do
this, raters recorded the number of times each use was generated by
the participants. Common uses were defined as those generated
by more than half (i.e., ≥ 51%) of participants. Uses generated by
11–50% of participants were categorized as moderately original
and uses generated by ≤ 10% of participants were categorized as
highly original. A mean of each participant’s originality scores pro-
vided an assessment of that participant’s average response
originality.

2.8.2 Wind-Turbine-Blade Repurposing Task Assessment
Criteria. In a scoring procedure adapted from prior research
[31,40], WRT responses that presented safety issues (e.g., wind-
turbine part, part of an airplane) were removed prior to scoring.
Participants’ remaining WRT responses were then assessed for flex-
ibility, fluency, scale, feasibility, appropriateness, and originality.
Fluency, flexibility, and originality were scored using the same pro-
cedure as the AUT. Elaboration was not scored, given that this dif-
ficult concept-generation task inherently requires more elaborate
descriptions. As such, elaboration scores would be uninformative
due to artificial inflation and low variability.
Feasibility and scale of alternative uses that participants gener-

ated for a spoon were not obstacles for the AUT, but feasibility
and scale were obstacles in both current and past WRTs [40,45].
Thus, generated concepts were sorted into one of three scale cate-
gories: shrunk, to-scale, or enlarged [31,40]. Shrunk concepts
would require the blade part to shrink to feasibly satisfy the listed
use, but do not mention cutting the part into smaller pieces (e.g.,
a ski). These concepts were given a score of 0. To-scale concepts
refer to correctly scaled wind-turbine blade uses (e.g., children’s
slides made by cutting parts into pieces). These uses ranged in
the amount of cutting necessary (e.g., from children’s slides to
floor tiles) and were given a score of 1. Enlarged uses would not
be feasible without combining multiple wind-turbine blade parts,
but their description did not mention a combination of blade parts
(e.g., for a complete building). These concepts were also given a
score of 0. A mean of that participant’s scale scores provided an
assessment of that participant’s average response scale.
Feasibility of generated reuse concepts was categorized as either

unfeasible or of low, moderate, or high feasibility. Raters were
instructed to consider each use’s technical requirements and neces-
sary level of modification. Unfeasible uses may violate wind-
turbine blade technical capabilities or require too much modifica-
tion to be practical (e.g., structural and technological enhancements
to make a rocket). Feasible uses are possible but require modifica-
tion (e.g., a highly feasible bus-shelter roof versus less-feasible
fencing that requires more modification). Unfeasible uses were
given a score of 0 and feasible uses were given a score of 1 (if
low in feasibility), 2 (if moderately feasible), or 3 (if highly feasi-
ble). Feasibility scores were also averaged within participants.
Combining scale and feasibility assessments, generated uses

were categorized as appropriate if they were both to-scale and at
least of low feasibility. Scale, feasibility, and appropriateness thus
determined the quality of generated uses. The highest-quality uses
were both feasible and possible given the size of wind-turbine
blades (i.e., appropriate). Appropriate uses were given a score of
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1 and uses that were not appropriate were given a score of 0. Scores
of appropriateness were also averaged within participants.

2.8.3 Wind-Turbine-Blade Repurposing Task Response
Samples. These WRT assessment criteria prioritize both the quan-
tity (through flexibility and fluency) and quality (through feasibility,
scale, appropriateness, and originality) of participant responses.
Thus, participant responses that include a large number of uses
and use categories, are to-scale, feasible, appropriate, and innova-
tive (i.e., original) would be considered the most creative. For
instance, the participant response shown in Fig. 2, Example A,
would be considered highly creative, whereas the participant
response in Fig. 2, Example B, would be considered low in creativ-
ity. Example A includes more reuses and reuse categories
(2 versus 1). Example A reuses are both to-scale and include
descriptions of how to cut the blade, whereas the reuse in
Example B is shrunk (i.e., not-to-scale) because it does not
mention cutting the blade. Thus, the reuses in Example A are appro-
priate, whereas the reuse in Example B is not.

3 Analysis Overview
Participants who passed attention checks and completed at least

one task (AUT or WRT) were included in the final samples. All sta-
tistical analyses were conducted using IBM SPSS STATISTICS version
26.0, and p< .05 was the preregistered threshold for statistical sig-
nificance. Other than mediation analyses conducted only for the full
study, analyses were identical for the pilot and full-study samples.
A multivariate analysis of variance (MANOVA) was first used to

simultaneously examine differences in self-reported gratitude and
positivity across conditions in both the pilot and full study as a
manipulation check.
Additional MANOVAs were conducted to test hypotheses by

comparing AUT and WRT performance across conditions (i.e.,
gratitude, general positivity, and neutral) for each scoring criterion.
Two separate MANOVAs were conducted for the AUT and WRT
responses, in which we simultaneously examined group differences
in each task’s respective criteria scores. These analyses were con-
ducted separately for the pilot and full-study samples. Where
omnibus MANOVA tests were significant, univariate follow-up
analyses consisting of pairwise comparisons of the conditions
using Tukey’s HSD post-hoc tests were used to reveal which con-
ditions significantly differed from each other.

For each statistically significant mean difference in creativity
(i.e., AUT or WRT criteria scores) between groups, we also con-
ducted mediation analyses using the Hayes PROCESS Macro for
SPSS [46]. As is recommended for mediation with a multi-categorical
independent variable [46], we computed dummy coded variables,
with the gratitude condition as the reference group. This allowed
us to test the mediating effects of prosocial motivation on the differ-
ence between creativity task scores in (1) the gratitude versus the
general-positivity condition and (2) the gratitude versus the neutral-
control condition.

4 Results of Research Question 1: Can We Effectively
Induce Gratitude?
4.1 Pilot-Study Manipulation Check. A MANOVA that

compared self-reported gratitude and positivity across conditions
was used to determine the effectiveness of the inductions. Consis-
tent with the intended inductions, the omnibus test of the pilot
sample revealed that these outcomes significantly differed across
groups, Wilk’s λ= 0.79, F (4, 90)= 2.83, p= 0.029, partial η2=
0.11 (see Fig. 3).
Univariate follow-up analyses revealed that, as expected, partic-

ipants in the gratitude condition (N= 15) reported significantly more
gratitude than those in the neutral-control condition (N= 18),
p = 0.009, 95% CI [0.30, 2.43]. Participants in the general-
positivity control condition (N= 16) also reported significantly
more gratitude than those in the neutral-control condition, p=
.026, 95% CI [0.12, 2.21]. However, self-reported gratitude did
not differ between the gratitude and general-positivity conditions,
p> 0.05. This suggests that while the gratitude induction was effec-
tive, participants in the general-positivity condition reported com-
parable levels of gratitude to those in the gratitude condition.
Univariate follow-up analyses did not reveal any significant dif-

ferences in self-reported positivity across groups ps > 0.266. This
suggests that participants reported comparable levels of positivity
across all three groups.

4.2 Full-Study Manipulation Check. Contrary to the pilot-
study results and the intended inductions, the omnibus test of
the full-study sample revealed that self-reported gratitude and pos-
itivity did not significantly differ across groups, Wilk’s λ= 0.98, F

Fig. 2 Example participant Wind-turbine-blade Repurposing
Task responses

Fig. 3 Pilot-study gratitude and positivity means. Note that error
bars are standard errors and *=p<0.05.
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(4, 650) = 1.28, p> 0.05, partial η2= 0.01. This suggests that the
manipulation was not effective in the full study (see Fig. 4).
Given this non-significant manipulation check, we qualitatively

examined participant responses across conditions and verified that
they followed task instructions (see Appendix C). Participants in
the gratitude condition frequently mentioned accomplishments at
work, feeling thankful, and spending time with loved ones. Partic-
ipants in the general-positivity condition frequently mentioned
feeling happy and having a good day. Participants in the neutral-
control condition frequently mentioned preparing breakfast in the
morning. Thus, participants in each condition recalled distinct expe-
riences, which may still have influenced their task responses,
regardless of the amount of gratitude they reported feeling. As
such, we continued with our preregistered analyses, but these
results should be interpreted with caution.

5 Results of Research Question 2: Can Gratitude
Promote Creativity?
5.1 Pilot-Study Alternate Uses Task Results. A MANOVA

comparing AUT response outcomes (i.e., fluency, flexibility, elab-
oration, and originality) in the pilot-study sample tested the hypoth-
esis that gratitude (as compared to general-positivity and
neutral-control conditions) would promote more creativity in the
form of higher AUT response scores. All outcomes had acceptable
inter-rater reliability: fluency ICC= 0.99, flexibility ICC= 0.99,
elaboration ICC= 0.74, originality ICC= 0.90.
Counter to our predictions, the omnibus test revealed that AUT

response scores did not significantly differ across groups, Wilk’s
λ= 0.92, F (8, 86)= 0.45, p> 0.05, partial η2= 0.04. This suggests
that participants generated comparably creative AUT responses
across conditions.

5.2 Full-Study Alternate Uses Task Results. All AUT out-
comes in the full-study sample also had acceptable inter-rater relia-
bility: fluency ICC= 0.99, flexibility ICC= 0.99, elaboration ICC=
0.92, originality ICC= 0.72. A MANOVA conducted with this
sample revealed that, consistent with the pilot sample, but contrary
to our expectations, there were no significant differences in out-
comes across groups, Wilk’s λ= 0.96, F (8, 644)= 1.50, p> 0.05,
partial η2= 0.02. This suggests that participants generated compara-
bly creative AUT responses across conditions.

5.3 Pilot-Study Wind-Turbine-Blade Repurposing Task
Results. An additional MANOVA of the pilot-study sample com-
paring WRT response outcomes (i.e., fluency, flexibility, scale, fea-
sibility, appropriateness, and originality) was used to test the
hypothesis that participants in the gratitude (as compared to those
in the general-positivity and neutral-control) condition were more
creative in the form of higher WRT response scores. Fluency
(ICC= 0.95), flexibility (ICC= 0.93), feasibility (ICC= 0.76), and
originality (ICC= 0.74) had acceptable reliability and were
included in analyses. Scale and appropriateness did not meet inter-
rater reliability standards (ICCs < 0.60; scale ICC= 0.25, appropri-
ateness ICC= 0.34) and were removed from analyses.
Counter to our predictions, the omnibus test revealed that WRT

response scores did not significantly differ across groups, Wilk’s
λ= 0.89, F (8, 78)= 0.57, p> 0.05, partial η2= 0.06. However,
mean differences were largely in the predicted direction (see Fig. 5).

5.4 Full-StudyWRTResults. An additional MANOVA com-
paring WRT response outcomes (i.e., fluency, flexibility, scale, fea-
sibility, appropriateness, and originality) in the full-study sample
was used to test the hypothesis that gratitude (as compared to
general-positivity and neutral-control conditions) would promote
more creativity in the form of higher WRT response scores.

Fig. 4 Full-study gratitude and positivity means. Note that error
bars are standard errors.

Fig. 5 Pilot-study WRT response means. Note that error bars
are standard errors.
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Fluency (ICC= 0.95), flexibility (ICC= 0.95), scale (ICC= 0.83),
feasibility (ICC= 0.72), and appropriateness (ICC= 0.82) had
acceptable reliability and were included in analyses. Originality
did not meet inter-rater reliability standards (ICC< 0.60; originality
ICC= 0.58) and was removed from analyses.
In line with our predictions, the omnibus test revealed that WRT

response scores significantly differed across groups, Wilk’s λ=
0.94, F (10, 628)= 2.03, p= 0.028, partial η2= 0.03, despite the
induction not being effective (see Fig. 6).
Univariate follow-up analyses revealed that, as expected, partic-

ipants in the gratitude condition (N= 109) scored significantly
higher than those in the general-positivity control condition (N=
111) on response scale, p= 0.002, 95% CI [0.03, 0.14] and appro-
priateness, p= 0.001, 95% CI [0.03, 0.15]. Participants in the grat-
itude condition scored higher, but not significantly, than those in

the general-positivity control group on response fluency, p=
0.089, 95% CI [−0.03, 0.54] and flexibility, p= 0.098, 95% CI
[−0.03, 0.52]. Gratitude-condition participants did not score
higher on feasibility than either the general-positivity or neutral-
control group, p > 0.10. Thus, participants in the gratitude condition
produced more to-scale and more appropriate uses for retired wind-
turbine blades than participants in the general-positivity control
group.
The largest differences between the neutral-control group (N=

109) and the general-positivity group were in response scale, p=
0.069, 95% CI [−0.11, 0.003] and appropriateness, p= 0.062,
95% CI [−0.11, 0.002], but these differences were not significant.
No other significant differences were observed between these two
groups.

5.5 Additional Non-Parametric Analyses. In additional (i.e.,
not preregistered) analyses, we examined the multivariate normality
of AUT and WRT response outcomes in both samples using the R
package MVN [47]. These analyses revealed violations of multivar-
iate normality assumptions, such that AUT and WRT outcomes in
both samples were significantly skewed and kurtotic (ps < 0.05).
Thus, we conducted comparable non-parametric tests of our
hypotheses using the R package npmv [48]. These analyses were
largely consistent with the MANOVAs reported above. Specifi-
cally, these analyses replicated the significance of the MANOVAs
(with the same analyses being significant that were before and the
same analyses being non-significant that were before), with one
exception; the omnibus test of full-study WRT scores no longer
revealed significant group differences (p= 0.175). Thus, the con-
clusions from the main analyses are consistent with those from
these additional analyses.

6 Results of Research Question 3: Does Gratitude
Promote Creativity Through Increased Prosocial
Motivation?
Mediation analyses tested the hypothesis that increased prosocial

motivation may be a mechanism through which gratitude can
promote more creative engineering design. These analyses were
conducted for both significant (as preregistered) and non-significant
differences in WRT scores across groups.
Contrary to our expectations, all confidence intervals included 0.

Thus, prosocial motivation did not mediate the effect of being in the
gratitude condition (versus the general-positivity or neutral-control
conditions) on WRT response outcomes.

7 Discussion
A high-powered, preregistered experimental design was used to

test (1) whether we could effectively induce gratitude, (2)
whether gratitude could promote more creative engineering
design, and (3) if increased prosocial motivation may be the mech-
anism for this proposed association. Across two samples, we found
that gratitude may be difficult to induce in this context, along with
evidence that both somewhat supported and contradicted our main
hypothesis. However, we did not find support for prosocial motiva-
tion as a mediating link between gratitude and creativity.
Our induction of gratitude was effective in the pilot-study

sample, where mean levels of reported gratitude and general-posi-
tivity were much higher in the gratitude and positivity conditions
than the neutral-control condition (see Fig. 3). However, this did
not occur in the full-study sample, in which mean levels of reported
gratitude and positivity were much higher in the neutral-control
condition compared to the pilot-sample neutral-control condition
(see Fig. 4). At the same time, mean levels of reported gratitude
and positivity were similar to the pilot-study sample in the corre-
sponding gratitude and general-positivity conditions. This suggests
that participants’ baseline gratitude and positivity were higher in the

Fig. 6 Full-studyWRT response means. Note that error bars are
standard errors, *=p<0.05, and †=p<0.10.
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full-study sample, which could have been an unintended effect of
study timing. That is, the full-study data were collected very close
to and/or overlapping major religious and school holidays (Decem-
ber 19–23, 2020). Perhaps explaining this unexpected effect, empir-
ical evidence suggests that holiday celebrations are linked to greater
emotional well-being [49]. Thus, we may not have been able to
effectively manipulate feelings of gratitude and general positivity
due to the timing of data collection.

7.1 Hypothesis-Inconsistent Results. Contrary to our expec-
tations, participants’ AUT response scores in both samples and par-
ticipants’ WRT response scores in the pilot-study sample did not
significantly differ across conditions. Results also did not support
our hypothesis that gratitude may promote creative engineering
design through prosocial motivation.

7.2 Hypothesis-Consistent Results. In line with our expecta-
tions, full-study participants in the gratitude condition did produce
significantly more to-scale and appropriate alternate uses for retired
wind-turbine blades than those in the general-positivity condition.
In past iterations of the WRT, scale was a major obstacle in the
appropriateness of concepts [40,45], such that an increase in
to-scale concepts was a significant advance.

7.3 Implications for Engineering Design. In line with both
engineering [7] and psychology [10] literature suggesting that indi-
viduals’ characteristics may shape their tendency toward design fix-
ation and creativity outcomes, we found some limited evidence
suggesting that individuals’ positive emotional experiences may
promote more creative engineering design. These results are also
in line with initial evidence from group settings suggesting that grat-
itude may promote more design creativity [26]. This work adds to
the growing body of literature [14–18] applying interdisciplinary
approaches to engineering design challenges. Similar to how
empathic design incorporates psychology to enhance needfinding
and product improvement [20], this work shows promise for grati-
tude as an approach for applying psychological theory to engineer-
ing design. This approach may be particularly helpful at earlier
stages of the design process (e.g., ideation) and for tackling chal-
lenges that are especially prone to functional fixedness (e.g.,
retired wind-turbine blades).
This novel application of psychology to engineering design

lays the groundwork for future research combining engineer-
ing-design and psychological techniques. Given the environmen-
tal impact of retired wind-turbine blades and the difficulty of
repurposing them [31,32], the current study also highlights a
potential intervention for tackling environmental challenges and
providing useful products and infrastructure to society.
However, given the inconsistency of the results and normality
issues among the creativity outcomes, future work testing the
hypothesized relationship between gratitude and creative engi-
neering design is warranted. We list recommendations below
to guide this future work.

7.4 Limitations and Future Directions. Despite the strengths
of our preregistered and high-powered design, there are limitations
to the current work that highlight directions for future study. Speci-
fically, our results suggest that gratitude may be difficult to reliably
induce through recalling prior experiences, which is more often
used in the context of measuring (versus inducing) gratitude.
Other gratitude inductions that involve the designer receiving a pro-
social action (e.g., a donation or favor) may have more effectively
promoted both gratitude and prosocial motivation. Further, given
the sustainability challenge that retired wind-turbine blades pose,
inducing gratitude specifically for environmental resources may
facilitate more creative solutions for wind-turbine-blade repurpos-
ing. Thus, future research including other sustainable-design tasks

and inductions of gratitude may provide a better causal test of our
hypothesis.
However, research has also demonstrated that gratitude manip-

ulations are not universally effective and may not provide emo-
tional or other benefits when people are close to a maximum of
positive affect [50]. Given that participants in the full study
generally reported more gratitude and positivity than participants
in the pilot study—perhaps due to the timing of data collection
—it is possible that the induction could not produce perceptible
changes in experienced gratitude and positivity. Future
work should investigate whether gratitude inductions may be the
most beneficial for promoting design creativity in individuals
who generally experience lower positive affect or higher negative
affect.
Finally, given that there were no significant differences in

reported gratitude or positive affect in the full-study sample and
that both control groups scored similarly or better than the gratitude
group on some creativity assessments, it is possible that simply
recalling previous experiences helps concept generation [40].
Thus, future work might compare both recall and other inductions
of gratitude to determine whether recalling experiences alone or
the experience of feeling grateful itself better promotes engineering
design creativity.

8 Conclusion
In a methodologically rigorous and preregistered study, we

demonstrate some limited initial evidence that gratitude may
promote more creative engineering design to tackle the sustainabil-
ity challenge presented by retired wind-turbine blades. As such, the
current work further supports the benefits of combining engineering
design and psychological theory for increasing creativity by over-
coming design fixation and functional fixedness.
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Alternate Uses Task (AUT) = task that asks participants to

generate novel purposes for
common objects.

Gratitude = a positive emotion defined by
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Wind-turbine-blade
Repurposing Task (WRT) =

task that asks participants to
generate concepts to repurpose
retired wind-turbine blades.
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Appendix A: Prosocial Motivation Measure
Instructions. Read each statement and respond by identifying

what best represents your agreement with each statement.

Items

(1) I want to use my engineering knowledge to help people.
(2) I want to promote a more sustainable future for the benefit of

society.
(3) Given the opportunity, I would want to design new products

that can help others.
(4) Engineering design should prioritize problems that affect

many people.

Participants rated their agreement with each statement on a scale
of 0 (do not agree at all) to 6 (completely agree). These items were
developed for the current study.

Appendix B: Wind-Turbine-Blade Repurposing Task
Instructions
The following instructions are adapted from Arabian et al. [40].

Full instructions are available online.4

In this activity, you will be given isometric drawings of one section
of a single wind-turbine blade. It is now up to you to find creative uses
for the shown section of the wind-turbine blade. Develop concepts to
reuse the part shown that would, for example, allow people to build
toward a sustainable future, protect people from the impact of climate
change, etc. Please do NOT reuse such parts in wind-turbine, air-
plane, or similar applications that risk safety. You should maximize
the amount of material reused for each part, which is made of fiber-
reinforced polymers (high strength/strong, high stiffness/brittle, low
density/light), but cannot be melted to make new shapes. You may
further cut the parts but should minimize the amount of cutting
needed. If you do cut the parts, this must be described in your
response (i.e., how many cuts and where are the cuts.) The same
part is shown in three different orthogonal (top, front, side) views
and one isometric view. In addition, given that the part is hollow,
an isometric view of the part cut in half is shown.

Appendix C: Illustrative Induction Responses
Below are illustrative examples of participants’ responses across

induction conditions representing common themes in their recalled
experiences.

References
[1] Jansson, D. G., and Smith, S. M., 1991, “Design Fixation,” Des. Stud., 12(1),

pp. 3–11.
[2] Crilly, N., 2019, “Creativity and Fixation in the Real World: A Literature Review

of Case Study Research,” Des. Stud., 64, pp. 154–168.
[3] Linsey, J. S., Tseng, I., Fu, K., Cagan, J., Wood, K. L., and Schunn, C., 2010, “A

Study of Design Fixation, its Mitigation and Perception in Engineering Design
Faculty,” ASME J. Mech. Des., 132(4), p. 041003.

[4] LeGendre, A., Kershaw, T. C., Peterson, R. L., and Bhowmick, S., 2017, “The
Relationship Between Fixation and Originality in Undergraduate Mechanical
Engineering Students,” Proceedings of the ASME IDETC/CIE, Cleveland, OH,
Aug. 6–9, Paper No. DETC2017-67833.

[5] German, T. P., and Barrett, H. C., 2005, “Functional Fixedness in a
Technologically Sparse Culture,” Psychol. Sci., 16(1), pp. 1–5.

[6] Kruglanski, A. W., and Webster, D. M., 1996, “Motivated Closing of the Mind,”
Psychol. Rev., 103(2), pp. 263–283.

[7] Lai, S. L., and Shu, L. H., 2017, “Individual Differences in Tendency for Design
Fixation,” Design Computing and Cognition ‘16, J. Gero, ed., Springer, Cham,
pp. 321–338.

[8] Ho, J., and Shu, L. H., 2019, “Need for Closure and Individual Tendency for
Design Fixation and Functional Fixedness,” Proc. Inst. Mech. Eng. Part C
J. Mech. Eng. Sci., 233(2), pp. 476–492.

[9] Olteteanu, A.-M., and Shu, L. H., 2018, “Object Reorientation and Creative
Performance,” ASME J. Mech. Des., 140(3), p. 031102.

[10] Baas, M., De Dreu, C. K. W., and Nijstad, B. A., 2008, “A Meta-Analysis of 25
Years of Mood-Creativity Research: Hedonic Tone, Activation, or Regulatory
Focus?,” Psychol. Bull., 13(6), pp. 779–806.

[11] Zhou, J., Phadnis, V., and Olechowski, A., 2020, “Analysis of Designer Emotions
in Collaborative and Traditional Computer-Aided Design,” ASME J. Mech. Des.,
143(2), p. 021401.

[12] Arnout, B. A., and Almoied, A. A., 2020, “A Structural Model Relating Gratitude,
Resilience, Psychological Well-Being and Creativity Among Psychological
Counsellors,” Couns. Psychother. Res., 21(2), pp. 1–20.

[13] McCullough, M. E., Emmons, R. A., and Tsang, J.-A., 2002, “The Grateful
Disposition: A Conceptual and Empirical Topography,” J. Pers. Soc. Psychol.,
82(1), pp. 112–127.

[14] Genco, N., Johnson, D., Hölttä-Otto, K., and Seepersad, C. C., 2011, “A Study of
the Effectiveness of Empathic Experience Design as a Creativity Technique,”
Proceedings of the ASME IDETC/CIE, Washington, DC, Aug. 28–31, Paper
No. DETC2011-48256.

[15] Ghosh, D., Olewnik, A., Lewis, K., Kim, J., and Lakshmanan, A., 2017,
“Cyber-Empathic Design: A Data-Driven Framework for Product Design,”
ASME J. Mech. Des., 139(9), p. 091401.

[16] Herd, K. B., and Mehta, R., 2019, “Head Versus Heart: The Effect of Objective
Versus Feelings-Based Mental Imagery on New Product Creativity,” J. Consum.
Res., 46(1), pp. 36–52.

[17] Johnson, D. G., Genco, N., Saunders, M. N., Williams, P., Seepersad, C. C., and
Hölttä-Otto, K., 2014, “An Experimental Investigation of the Effectiveness of
Empathic Design for Innovative Concept Generation,” ASME J. Mech. Des.,
136(5), p. 051009.

[18] Surma-aho, A., Chen, C., Hölttä-Otto, K., and Yang, M., 2019, “Antecedents and
Outcomes of Designer Empathy: A Retrospective Interview Study,” Proceedings
of the ASME IDETC/CIE, Anaheim, CA, Aug. 18–21, Paper No.
DETC2019-97483.

[19] Alzayed, M. A., Miller, S. R., Menold, J., Huff, J., and McComb, C., 2020, “Can
Design Teams be Empathically Creative? A Simulation-Based Investigation of

Gratitude condition
General-positivity

condition Neutral condition

I felt very appreciated
recently when I took
the time to mentor a
brand new member of
my project team. It felt
very good to be
recognized for this,
since I took extra time
to get them acquainted
with the lab.

I felt positive/happy a
few hours ago when I
was studying on a video
call with a friend and
she started dancing to a
song. It was good to
laugh a bit between
moments of
concentration.

I dress up in the
morning in a
comfortable but
“work” attire (jeans &
hoodie & shirt) and
prepare breakfast. I sit
on the sofa having
coffee and toast.

The time I spent with
friends, that I don’t see
that often, makes me
feel grateful for having
them in my life to
support me, and I
know I can count on
them for everything
and they will always
be there.

I felt positive because
holidays are
approaching and I will
feel joyful on vacation.

I get up in the morning,
I watch Instagram and
then I go to have
breakfast, then I start to
watch my classes and
so the morning passes.

4http://osf.io/GDXBE

Journal of Mechanical Design MAY 2022, Vol. 144 / 051401-9

D
ow

nloaded from
 http://asm

edigitalcollection.asm
e.org/m

echanicaldesign/article-pdf/144/5/051401/6806491/m
d_144_5_051401.pdf by U

niversity O
f Toronto Library user on 21 June 2022

http://dx.doi.org/10.1016/0142-694X(91)90003-F
http://dx.doi.org/10.1016/j.destud.2019.07.002
http://dx.doi.org/10.1115/1.4001110
http://dx.doi.org/10.1111/j.0956-7976.2005.00771.x
http://dx.doi.org/10.1037/0033-295X.103.2.263
http://dx.doi.org/10.1177/0954406218792583
http://dx.doi.org/10.1177/0954406218792583
http://dx.doi.org/10.1115/1.4038264
http://dx.doi.org/10.1037/a0012815
http://dx.doi.org/10.1115/1.4047685
http://dx.doi.org/10.1002/capr.12316
http://dx.doi.org/10.1037//0022-3514.82.1.112
http://dx.doi.org/10.1115/DETC2016-59642
http://dx.doi.org/10.1093/jcr/ucy058
http://dx.doi.org/10.1093/jcr/ucy058
http://dx.doi.org/10.1115/1.4026951
http://osf.io/GDXBE


the Role of Team Empathy on Concept Generation and Selection,” Proceedings of
the ASME IDETC/CIE, Online, Aug. 17–19, Paper No. DETC2020-22432.

[20] Lin, J., and Seepersad, C. C., 2007, “Empathic Lead Users: The Effects of
Extraordinary User Experiences on Customer Needs Analysis and Product
Redesign,” Proceedings of the ASME IDETC/CIE, Las Vegas, NV, Sept. 4–7,
Paper No. DETC2007-35302.

[21] Hannukainen, P., and Hölttä-Otto, K., 2006, “Identifying Customer Needs:
Disabled Persons as Lead Users,” Proceedings of the ASME IDETC/CIE,
Philadelphia, PA, Sept. 10–13, Paper No. DETC2006-99043.

[22] Chen, L., Guo, Y., Song, L. J., and Lyu, B., 2020, “From Errors to OCBs and
Creativity: A Multilevel Mediation Mechanism of Workplace Gratitude,” Curr.
Psychol.

[23] Sawyer, K. B., Thoroughgood, C. N., Stillwell, E. E., Duffy, M. K., Scott, K. L.,
and Adair, E. A., 2021, “Being Present and Thankful: A Multi-Study
Investigation of Mindfulness, Gratitude, and Employee Helping Behaviour,”
J. Appl. Psychol.

[24] Tsang, J., 2006, “Gratitude and Prosocial Behaviour: An Experimental Test of
Gratitude,” Cogn. Emot., 20(1),, pp. 138–148.

[25] Moieni, M., Irwin, M. R., Byrne Haltom, K. E., Jevtic, I., Meyer, M. L., Breen,
E. C., Cole, S. W., and Eisenberger, N. I., 2018, “Exploring the Role of
Gratitude and Support-Giving on Inflammatory Outcomes,” Emotion, 19(6),
pp. 939–949.

[26] Pillay, N., Park, G., Kim, Y. K., and Lee, S., 2020, “Thanks for Your Ideas:
Gratitude and Team Creativity,” Organ. Behav. Hum. Decis. Process., 156,
pp. 69–81.

[27] McCullough, M. E., Kilpatrick, S. D., Emmons, R. A., and Larson, D. B., 2001,
“Is Gratitude a Moral Affect?,” Psychol. Bull., 127(2), pp. 249–266.

[28] Algoe, S. B., 2012, “Find, Remind and Bind: The Functions of Gratitude in
Everyday Relationships,” Soc. Personal. Psychol. Compass, 6(6), pp. 455–469.

[29] DeSteno, D., Bartlett, M. Y., Baumann, J., Williams, L. A., and Dickens, L.,
2010, “Gratitude as a Moral Sentiment: Emotion Guided Cooperation in
Economic Exchange,” Emotion, 10(2), pp. 289–293.

[30] Liu, P., Meng, F., and Barlow, C. Y., 2019, “Wind Turbine Blade End-of-Life
Options: An Eco-Audit Comparison,” J. Cleaner Prod., 212, pp. 1268–1281.

[31] Kwon, E., Pehlken, A., Thoben, K.-D., Bazylak, A., and Shu, L. H., 2019, “Visual
Similarity to Aid Alternative-Use Concept Generation for Retired Wind-Turbine
Blades,” ASME J. Mech. Des., 141(3), p. 031106.

[32] Pehlken, A., Arapogianni, A., Dragon, M., Moccia, J., Schaumann, P., Bechtel,
A., Wagner, H., et al., 2013, Sustainable Material Life Cycles—Is Wind Energy
Really Sustainable?, BIS Verlag, Oldenburg, Germany.

[33] Pasquali, F. M., Meza, J., and Hall, J. F., 2020, “Decision-Based Design Method
for Computing Marginal Cost of Durability,” Proceedings of the ASME IDETC/
CIE, Online, Aug. 17–19, Paper No. DETC2020-22511.

[34] Jensen, J. P., and Skelton, K., 2018, “Wind Turbine Blade Recycling:
Experiences, Challenges and Possibilities in a Circular Economy,” Renewable
Sustainable Energy Rev., 97, pp. 165–176.

[35] Khalil, M., ed., 2018, “U.S. Geological Survey Energy and Wildlife Research
Annual Report for 2018,” U.S. Geological Survey Circular, 1447, pp. 1–102.

[36] Faul, F., Erdfelder, E., Lang, A.-G., and Buchner, A., 2007, “G*Power 3: A
Flexible Statistical Power Analysis Program for the Social, Behavioral, and
Biomedical Sciences,” Behav. Res. Methods, 39(2), pp. 175–195.

[37] Peer, E., Brandimarte, L., Samat, S., and Acquisti, A., 2017, “Beyond the Turk:
Alternative Platforms for Crowdsourcing Behavioral Research,” J. Exp. Soc.
Psychol., 70, pp. 153–163.

[38] Guilford, J. P., 1967, The Nature of Human Intelligence, McGraw-Hill,
New York.

[39] Hu, W., Booth, J., and Reid, T., 2015, “Reducing Sketch Inhibition During
Concept Generation: Psychophysiological Evidence of the Effect of
Interventions,” Proceedings of the ASME IDETC/CIE, Boston, MA, Aug. 2–5,
Paper No. DETC2015-47669.

[40] Arabian, K., Addis, D. R., and Shu, L. H., 2020, “Memory and Idea Generation
Applied to Product Repurposing,” Proceedings of the ASME IDETC/CIE,
Online, Aug. 17–19, Paper No. DETC2020-22703.

[41] Amabile, T. M., 1982, “Social Psychology of Creativity: A Consensual
Assessment Technique,” J. Pers. Soc. Psychol., 43(5), pp. 997–1013.

[42] Hennessey, B. A., Amabile, T. M., and Mueller, J. S., 2011, “Consensual
Assessment,” Encyclopedia of Creativity, M. A. Runco, and S. R. Pritzker,
eds., Academic Press, San Diego, CA, pp. 253–260.

[43] Kudrowitz, B., and Dippo, C., 2013, “When Does a Paper Clip Become a
Sundial? Exploring the Progression of Originality in the Alternative Uses Test,”
J. Integr. Des. Process Sci., 17(4), pp. 3–18.

[44] Hölttä-Otto, K., Otto, K., Song, C., Luo, J., Li, T., Seepersad, C. C., and Seering,
W., 2018, “The Characteristics of Innovative, Mechanical Products—10 Years
Later,” ASME J. Mech. Des., 140(8), p. 084501.

[45] Arabian, K., and Shu, L. H., 2021, “Sustainable Creativity: Overcoming the
Challenge of Scale When Repurposing Wind-Turbine Blades,” Proceedings of
the ASME IDETC/CIE, Online, Aug. 17–20, Paper No. DETC2021-70668.

[46] Hayes, A. F., and Preacher, K. J., 2014, “Statistical Mediation Analysis With a
Multicategorical Independent Variable,” Br. J. Math. Stat. Psychol., 67(3),
pp. 451–470.

[47] Korkmaz, S., 2021, “MVN: An R Package for Assessing Multivariate Normality,”
R Package Version 5.9.0. https://cran.r-project.org/web/packages/MVN/index.
html

[48] Burchett, W. W., and Ellis, A. R., 2017, “NPMV: Nonparametric Comparison of
Multivariate Samples,” R Package Version 2.4.0.

[49] Páez, D., Bilbao, M. A., Bobowik, M., Campos, M., and Basabe, N., 2011,
“Merry Christmas and Happy New Year! The Impact of Christmas Rituals on
Subjective Well-Being and Family’s Emotional Climate,” J. Soc. Psychol.,
26(3), pp. 373–386.

[50] Froh, J. J., Kashdan, T. B., Ozimkowski, K. M., and Miller, N., “Who Benefits the
Most From a Gratitude Intervention in Children and Adolescents? Examining
Positive Affect as a Moderator,” J. Posit. Psychol., 4(5), pp. 408–422.

051401-10 / Vol. 144, MAY 2022 Transactions of the ASME

D
ow

nloaded from
 http://asm

edigitalcollection.asm
e.org/m

echanicaldesign/article-pdf/144/5/051401/6806491/m
d_144_5_051401.pdf by U

niversity O
f Toronto Library user on 21 June 2022

http://dx.doi.org/10.1007/s12144-020-01120-5
http://dx.doi.org/10.1007/s12144-020-01120-5
http://dx.doi.org/10.1037/apl0000903
http://dx.doi.org/10.1080/02699930500172341
http://dx.doi.org/10.1037/emo0000472
http://dx.doi.org/10.1016/j.obhdp.2019.11.005
http://dx.doi.org/10.1037/0033-2909.127.2.249
http://dx.doi.org/10.1111/j.1751-9004.2012.00439.x
http://dx.doi.org/10.1037/a0017883
http://dx.doi.org/10.1016/j.jclepro.2018.12.043
http://dx.doi.org/10.1115/1.4042336
http://dx.doi.org/10.1016/j.rser.2018.08.041
http://dx.doi.org/10.1016/j.rser.2018.08.041
http://dx.doi.org/10.3758/bf03193146
http://dx.doi.org/10.1016/j.jesp.2017.01.006
http://dx.doi.org/10.1016/j.jesp.2017.01.006
http://dx.doi.org/10.1037/0022-3514.43.5.997
http://dx.doi.org/10.3233/jid-2013-0018
http://dx.doi.org/10.1115/1.4039851
http://dx.doi.org/10.1111/bmsp.12028
https://cran.r-project.org/web/packages/MVN/index.html
https://cran.r-project.org/web/packages/MVN/index.html
https://cran.r-project.org/web/packages/MVN/index.html
http://dx.doi.org/10.1174/021347411797361347
http://dx.doi.org/10.1080/17439760902992464

	1  Introduction
	1.1  Benefits of Combining Social-Psychological and Engineering Concepts
	1.2  Gratitude and Creativity
	1.3  Application to Sustainability
	1.4  Current Wind-Turbine-Blade Repurposing Options
	1.5  Research Questions, Hypotheses, and Key Contributions

	2  Materials and Methods
	2.1  Open-Science Approach
	2.2  Participants
	2.2.1  Pilot-Study Participants
	2.2.2  Full-Study Participants

	2.3  Study Design and Procedure Overview
	2.4  Experimental Conditions
	2.4.1  Gratitude Induction
	2.4.2  General-Positivity-Control Condition
	2.4.3  Neutral-Control Condition

	2.5  Manipulation Check
	2.6  Mechanism Assessment
	2.7  Concept Generation Tasks
	2.7.1  Alternate Uses Task
	2.7.2  Wind-Turbine-Blade Repurposing Task

	2.8  Creativity Assessment Criteria
	2.8.1  Alternate Uses Task Assessment Criteria
	2.8.2  Wind-Turbine-Blade Repurposing Task Assessment Criteria
	2.8.3  Wind-Turbine-Blade Repurposing Task Response Samples


	3  Analysis Overview
	4  Results of Research Question 1: Can We Effectively Induce Gratitude?
	4.1  Pilot-Study Manipulation Check
	4.2  Full-Study Manipulation Check

	5  Results of Research Question 2: Can Gratitude Promote Creativity?
	5.1  Pilot-Study Alternate Uses Task Results
	5.2  Full-Study Alternate Uses Task Results
	5.3  Pilot-Study Wind-Turbine-Blade Repurposing Task Results
	5.4  Full-Study WRT Results
	5.5  Additional Non-Parametric Analyses

	6  Results of Research Question 3: Does Gratitude Promote Creativity Through Increased Prosocial Motivation?
	7  Discussion
	7.1  Hypothesis-Inconsistent Results
	7.2  Hypothesis-Consistent Results
	7.3  Implications for Engineering Design
	7.4  Limitations and Future Directions

	8  Conclusion
	 Acknowledgement
	 Conflict of Interest
	 Data Availability Statement
	 Nomenclature
	 Appendix A: Prosocial Motivation Measure
	 Instructions
	 Items

	 Appendix B: Wind-Turbine-Blade Repurposing Task Instructions
	 Appendix C: Illustrative Induction Responses
	 References

