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Exploring the Relationships between Artistic Creativity and
Innovation Attitudes in Engineering Students

Abstract

This research explored potential relationships between the innovation self-efficacy (ISE) of
engineering students and their artistic creativity and life experiences revealed on an ice-breaker
assignment. In a community-building assignment, students were directed to introduce themselves
through cartoon monster drawings that communicated various personal attributes (such as the
number of languages they speak, and the number of states visited). Previous research has found
that multicultural experiences can shape feelings of self-efficacy concerning innovation and
creativity. This pilot study was conducted in a single junior-level course for environmental
engineering students. The innovation self-efficacy of participants was measured using a survey
that included items from the Very Brief Innovation Self-Efficacy scale (ISE.6), the Innovation
Interests scale (INI), and the Career Goals: Innovative Work scale (IW). The drawings were
analyzed for Artistic Effort (AE) and Creative Work (CW) by engineering and art evaluators,
respectively. The ISE survey results were compared with the AE and CW scores and the
correlations with travel, gender, and multilingualism on creativity attributes were explored. A
strong correlation between CW scores and AE scores was observed. A negative correlation
between CW and ISE.6 was found. The CW scores were significantly different between female
and male students, except for black/white shading in the cartoon drawings. There were no
significant differences between the AE scores for female versus male students. Our results do not
support the existence of a correlation between multilingualism and travel with artistic creativity
and innovation self-efficacy attributes. Overall, we did not find that the students’ artistic
creativity or life experiences revealed through the self-portrait activity provided insights into
innovation attitudes.

Introduction

Creativity and innovation are crucial skills for engineers, as they enable the development of
novel solutions to complex problems and drive technological advancements [1-4]. The National
Academy of Engineering (NAE) in the United States has emphasized the need for engineers to
possess not only technical skills but also creativity and innovation to address global challenges
and create new opportunities [5-6]. Despite the importance of creativity and innovation in
engineering, there is evidence of decreasing creativity and critical thinking in senior engineering
students [7-8]. Previous studies collectively emphasize the dynamic nature of creative confidence
and its interplay with training and past creative achievements [9-13]. Additionally, a meta-
analysis revealed a strong correlation between self-rated creativity and self-efficacy, indicating
the significant influence of self-efficacy on creativity [14]. It seems the lack of confidence in
creativity among engineering students is a complex issue influenced by factors such as self-
efficacy, training, past achievements, and the dynamic interplay between self-confidence and
creativity. Addressing this issue requires a multifaceted approach that considers the
psychological, educational, and experiential aspects of fostering creative confidence among
engineering students.

The literature has also identified lower self-efficacy of female students in various STEM
domains, which contributes to the low representation of female students in STEM [15]. Studies



have identified gender differences in creativity [16] and creativity anxiety was also found to be
pronounced in women [17]. A large study across many cultures found that adults’ confidence in
innovation was statistically higher for men than women, but the difference was so small as to be
negligible [18]. Charyton and Snelbecker’s study also did not find differences between male and
female engineering and music students in scientific or artistic creativity [19]. Gender, age, and
specialization within majors also yielded no significant differences in creativity [19].

Life experiences may impact creativity and innovation. For example, living abroad is associated
with higher levels of creativity while time spent traveling abroad did not have a significant
impact on creative insight [20-23]. On the other hand, experiences traveling to many different
countries seem to increase individuals' general sense of trust in humanity [22], and travel
experiences may contribute to the development of adaptive and creative abilities [24]. Research
has also suggested that multilingualism can foster creativity [25-27], including traits such as
open-mindedness and intrinsic motivation [28-31] and the capacity to produce original, creative
ideas, particularly in verbal domains [30-32].

It is uncertain whether students’ artistic creativity will be correlated in any way with their
engineering innovation self-efficacy or interests. Previous research has found correlations among
different measures of creativity for engineering students through the Creativity Personality Scale,
Creativity Temperament Scale, Cognitive Risk Tolerance Scale, and the Purdue Creativity Test
[33]. Another approach assessed students’ confidence in innovative design through a 5-item
Innovation Self-Efficacy (ISES) scale, a 4-item Innovation Interests (INI) scale, and the 6-item
Career Goals: Innovative Work (IW) scale [34]. It seems that the lack of confidence in creativity
among engineering students is a complex issue influenced by factors such as self-efficacy, life
experiences, training, past achievements, and the dynamic interplay between self-confidence and
creativity. Our exploratory research aims to understand the impact of travel, gender, and
multilingualism on artistic creativity and the ISE attribute scores (ISE: Innovation Self-Efficacy,
INI: Innovative Interest, and CGWI: Innovative Work Interest) of engineering students.

Research Questions
This research aims to answer the following three research questions:

1. Does engineering student artistic creativity correlate with Innovation Self-Efficacy
attributes (ISE, INI, IW)?

2. Do the artistic creativity and ISE attributes (ISE, INI, IW) differ between female and
male students?)

3. Do multilingualism and travel correlate with artistic creativity and ISE attributes (ISE,
INI, IW)?

Methods

This research was conducted under a protocol approved by the Institutional Review Board at the
University of Colorado Boulder (protocol # 23-0388). Students enrolled in a Water Chemistry
course in fall 2023 were invited to participate in the study. Most students were juniors or seniors
majoring in environmental or civil engineering. In the first week of the semester, students were
given an assignment to draw themselves as a cartoon monster and post their drawing to a
discussion board (full instructions in Appendix A). The assignment was meant to act as an
icebreaker and facilitate teamwork. The assignment directs students to include attributes like the



number of states stepped in and languages spoken through parts of their monsters like the legs
and mouths, respectively. Additionally, the students could include flags to represent heritage or
countries visited. Figure 1 shows two examples of student drawings.

Students consenting to participate in the research allowed their drawings to be evaluated for
creativity and completed a survey at the beginning of the semester. The survey presented
students with 15 statements which they rated on a one to seven scale (seven being extremely
confident, very high interest, and extremely important). These questions measured innovation
self-efficacy (ISE) using the Very Brief Innovation Self-Efficacy scale, innovation interest (INI)
using the Innovation Interests scale, and innovative work goals using the Career Goals:
Innovative Work scale (IW) (adapted from [34-35]).

Figure 1. Example Monster Drawings (left and right rated lower and higher on creative work,
respectively)

The specific survey items are shown in Appendix B. The survey concluded with demographic
questions on gender, race, and whether the student identifies as neurodivergent. The students
chose whether to receive in-class extra credit or compensation in a $10 gift card; students not
participating in the research could complete an alternative short writing assignment to receive
extra credit. Study participants were assigned an ID code given by the second author. This was
done because the first author was also the instructor for the water chemistry class. The ID codes
allowed the author to analyze the data while providing her students with full anonymity.

The drawings underwent analysis for artistic creativity using two methods: 1) a Creative Work
(CW) rubric employed by an art professional, and 2) an Artistic Effort (AE) rubric developed by
the engineering team.

1- Creative Work (CW) employed by an art professional: It is important to note that creativity in
art can vary across different disciplines, such as visual arts, music, and dance, and therefore, the
measurement of creativity needs to consider the specific domain content [36-37]. A Fine Arts
professor at the University of Colorado Boulder’s Art and Art History Department employed a
widely used rubric for assessing creative work in their field to evaluate each drawing (Table 1).
This rubric combines the J. Paul Getty Museum's standards for the Elements of Art for teachers
[38], which include line, color, proportion/perspective (replacing space), balance/uniformity
(replacing form), with additional criteria added by faculty over the years. These additional
criteria aim to level the playing field for students who may not be naturally gifted in drawing or



art, focusing on elements such as time, dedication, ambition, technique, experimentation, and
concept. The CW rubric comprises ten categories (see Table 1, CW category) and was rated on a
scale from one to ten. All categories were of equal weight in scoring. The final score (out of 100
in Table 3 or the Results section) was rescaled to seven to facilitate a meaningful comparison
between the fine arts faculty's ratings and the ISE scores.

Table 1. Comparison of the fine arts professor and engineering students’ ratings of creative
work (CW) and artistic effort (AE).

Creative Work (Cwy) | CW rated by Fine | Artistic Effort (AE) ﬁfgﬁzz‘riizg
Arts Professor Category
Category psres (D) Team
Average (0-2)
Line / mark making 5.6 (3-9) NR NR
Time / dedication 6.2 (3-10) Dedication 1.1 (0-2)
Proportion / perspective 3.5(1-8) NR NR
Balance / uniformity 7.4 (5-10) NR NR
Use of color / value 6.3 (0-10) Use of color 0.8 (0-2)
Black / white shading 6.1 (5-10) NR NR
Ambition 5.7 (1-10) Inspirational (ambition) 1 (0-2)
Craft / technique 5.8 (1-10) Skill (craft/technique) 1.2 (0-2)
Experimentation 6.7 (3-10) NR NR
Concept / overall design 6.9 (3-10) Concept / overall design 1 (0-2)
Total (raw score) 60.3 (35-88) NR NR

NR = not rated by the engineering team.

2- Artistic Effort (AE) developed by the engineering team: This scale offered an engineering

perspective to artistic creativity. Three undergraduate research assistants completing degrees in
engineering and applied math scored the drawings to assess the perceived artistic effort in each.
The research assistants’ assessment focused on the perceived artistic effort rather than the actual
skill level of the drawings. The students devised a rubric with five subparts: use of color,
concept/overall design, inspirational (ambition), dedication, and skill (craft/technique). These
criteria were established after brainstorming ways to identify increased effort. While the use of
color was not a specific requirement of the assignment, it was considered an important medium
for self-expression that breathed life into the self-portrait monsters. The ability to identify a
cohesive vision for the monster was deemed impressive and was included in the evaluation.
Many students demonstrated a desire to create something unique or interesting, and while
execution was not always perfect, the attempts were rewarded for showing effort beyond the
assignment requirements. Evaluating the concept and inspiration behind the design aimed to
assess how contemplative students were during the assignment. The engineering team also
sought to recognize participants who invested more time into the assignment than others, as this
often reflected in the quality of the drawing. The rubric categories were chosen based on the
engineering team’s past experiences having their artistic work graded by art professionals and
looking at how their previous teachers assessed overall creativity and perceived effort in their
work. Each category was rated as a 0, 1, or 2. After reviewing the art professor's categories
(described in Table 1 under AE categories in parentheses), two categories in the rubric were



renamed. The engineering team's three individual scores were averaged and reported in Table 1.
The total AE scores were rescaled to a seven-point scale in Table 3 to enable a meaningful
comparison with the Innovation Self-Efficacy (ISE) scores.

For comparison by gender among the scores assigned to the drawings and survey responses, t-
tests were conducted in Excel. Statistically significant differences were inferred for p-values
below 0.05. To explore correlations among the factors (such as the creativity scores assigned to
the drawings and the innovation survey scores) the non-parametric Spearman’s rho was
calculated. As a rule of thumb correlation values below 0.2 are not significant, 0.2-0.4 weakly
correlated, 0.4-0.6 moderately correlated, and above 0.6 strongly correlated. The statistical

significance of the correlations was also reported.

Results

RQ1 Artistic Expression versus Quantitative Scores

Table 2 summarizes the range of each of the quantitative scores for creative work (CW), artistic
effort (AE), and survey results on Innovation Self-efficacy (ISE), Innovation Interests (INI), and
Career Goals-Innovative Work (IW). Table 3 shows the results for correlations among these
values. There was a strong correlation between the creativity scores of the student drawings from
the Fine Arts faculty member (CW scores) and engineering team (AE scores), as would be
expected. There were also some weak to moderate correlations among the three innovation
constructs: innovation self-efficacy, innovation interest, and innovative work. There was a
surprising inverse relationship between the creative work scores and students’ innovation self-
efficacy. The student artistic effort scores were not correlated with ISE, INI, and IW.

Table 2. Characteristics of student scores (n=37,; scaled to max of 7).

Parameter Creative Work | Artistic Effort | Innovation Innovation Career Goals -
(CW) (AE) Self-efficacy Interests (INI) | Innovative
(ISE) Work (IW)
Avg score 4.12 4.33 4.02 5.18 5.03
Median score | 4.34 3.97 4.00 5.20 5.00
Std Deviation | 1.26 1.20 0.90 0.81 0.93
Range 2.1-6.15 2.1-6.77 2.40 - 6.00 3.40-7.00 3.67-6.50
Table 3. Correlation matrix for CW, AE, ISE, INI, and IW.
Parameter Creative Work | Artistic Effort | Innovation Innovation Career Goals -
(CW) (AE) Self-efficacy Interests (INI) | Innovative
(ISE) Work (IW)
CwW 1 0.634** -0.383* 0.022 -0.022
AE 0.634** 1 -0.057 0.117 0.137
ISE -0.383* -0.057 1 0.322» 0.273
INT 0.022 0.117 0.322» 1 0.425%
1Y -0.022 0.137 0.273 0.425%* 1

Statistical significance: ** p < 0.001, * p <0.05, " p<0.10




RQ2: Gender Difference in Artistic Expression and Innovation Self-Efficacy

The artistic creativity scores assigned by the Fine Arts faculty to students’ drawings (CW scores)
were significantly different between female and male students overall and for all of the sub-
categories except black/white shading (see Table 4). Female students’ drawings had higher
creativity scores. There were no significant differences between the total artistic effort (AE)
scores assigned by the students for female versus male students.

Table 4. Comparison of creative work (CW) scores and artistic effort (AE) scores by gender.

Creative Work (CW) Fine Arts Faculty Ratings
Category Average (stdev)
Female Male
(n=21) (n=15)
Line / mark making 6.0 (1.1)" 5.1(0.7)
Time / dedication 6.7 (1.6)* 5.5(1.1)
Proportion / perspective 4.6 (2.2)" 2.1(1.5)
Balance / uniformity 8.2 (1.8)" 6.4 (1.6)
Use of color / value 7.2 (1.4)" 5.1 (1.7)
Black/white shading 6.4 (1.7) 5.8(1.2)
Ambition 70 22)" 41(23)
Craft / technique 7.0 (2.2)" 4.1(2.4)
Experimentation 7.4 (.7 5.6 (1.9)
Concept / overall design 7.9 (1.7)* 5.5(2.4)
Total (raw score) 68.5(13.7)" | 49.4(14.1)
Student AE (out of 10) 6.4 (1.6) 5.7 (1.9)

t-test: ~* p< 0.01, * p <0.05

Female students had lower innovation self-efficacy than male students (female average 3.7+0.9
vs. Male 4.340.6, p 0.04). There were no significant differences between innovation interests or
innovative work between female and male students (p 0.40 and 0 0.52, respectively).

When the correlation results were separately analyzed for female and male students, there was a
weak negative correlation of creative work (CW) scores with ISE for female students (rho -0.32,
p 0.15), although the result does not meet normal statistical cut-offs for significance. There was
not a correlation of CW with ISE for male students (rho -0.19, p 0.488.) A new result emerged
which was a moderate to weak correlation of male creative work (CW) scores with innovative
work interest (IW) (Pearson 0.496; Spearman rho 0.353, p 0.1975).

RQ3. Multilingualism and Travel in Creative Work and Innovation Self-Efficacy

There was no significant variation in the number of languages spoken by the students (24 spoke
one language, 11 two languages, and 2 students three languages). For the number of states that
the students had set foot in (excluding air travel layovers), the range was 2 to 32 (average 17,
standard deviation 7). The number of languages spoken and states visited were inversely
correlated (Spearman rho —0.387, p < 0.05). Grouping the students into those speaking only 1
language and comparing them to those speaking two or more languages also illustrates the lower
average number of states visited for those speaking more languages, but little to no clear



differences in innovation attitudes (Table 5). As depicted in Table 6, neither the number of
languages nor the number of states visited were significantly correlated with innovation self-
efficacy attributes (i.e., ISE, INI, and IW) or creative work (CW).

Table 5. The number of languages spoken by students versus the average number of states visited
and average innovation self-efficacy attribute scores (ISE, INI, and IW), standard deviation is

also shown.

Number of Number of | Creative

Languages | nstudents | States Work ISE INI Iw
Spoken Visited (CW)

1 24 19+7 39+1.3 41+1.0 51+0.7 50+0.9
2+ 13 13+6 45+1.2 39+0.8 54+09 51+0.9

Table 6. Correlation coefficients between languages, number of states visited, and innovation
attributes (none withp < 0.1).

Parameter ISE INIT w CW

Languages -0.18531 0.03077 -0.0302 0.12874

States Visited -0.02186 0.24125 0.15738 -0.10382
Limitations

The first limitation is the small size of the dataset. This is particularly limiting when examining
statistical significance indicators, such as using typical thresholds for Type 1 errors. Thus, the
results should be considered exploratory to identify potential effects for further study. A second
limitation is the nature of the monsters assignment as an icebreaker activity, where students
would opt to devote varying levels of effort. In addition, because students knew the drawings
would be posted on a discussion board, the public-facing element may have spurred or limited
students’ desire to be creative in their drawings. Innovation self-efficacy and interest do not
measure actual innovation ability. Another limitation is the exploratory nature of the artistic
effort (AE) rubric developed by the engineering team, in contrast to the established rubric
utilized in the Fine Arts to assess creative work.

Discussion

This research found an inverse relationship between a student’s artistic creativity in an open-
ended icebreaker activity to draw a self-portrait cartoon monster and their innovation self-
efficacy (ISE). The results indicate that engineering types of innovation are very different than
artistic creativity. It may be that students who evidenced artistic creativity when they were
younger were discouraged from pursuing an engineering major in college, and/or that more
creative students left engineering before junior year (the lower end of students enrolled in the
water chemistry course). In addition, artistic creativity was demonstrated by drawings while
innovation was self-rated by the research participants.

The negative correlation between creative work (CW) scores and innovation self-efficacy (ISE)
appeared stronger among female compared to male students. Female students had higher creative
work scores and lower innovation self-efficacy scores than male students, on average. These
results indicate that creativity and innovation might tend to manifest differently in female as



compared to male engineering students. This result seems analogous to literature findings [39-
40]. Further, the lower innovation self-efficacy for female students seems congruent with the
larger creativity anxiety found by Daker et al. [17].

No relationships were found between the innovation scales and the ability to speak multiple
languages. We note that the variation in language number across the dataset was small and does
not reflect the level of competence in multiple languages. Some students may have been raised
bilingual while others may have had a couple of years of formal schooling in a second language,
for example. Nevertheless, as stated in the introduction, the body of research suggests that
multilingualism may positively impact cognitive flexibility, original thinking, and creative
problem-solving abilities.

The inverse relationship between number of languages spoken and number of states visited may
reflect international students or students who traveled internationally rather than widely across
the U.S. This was supported when looking at whether or not the drawings included the flags of
different countries — drawings with no flags averaged 1.1 languages spoken while drawings with
1 or more flags averaged 1.9 languages spoken. Drawings with no flags averaged 18.4 states
visited versus drawings with flags averaging 14.6 states visited.

A lack of relationship between the number of states visited and creativity or innovation measures
may reflect the fact that for many undergraduates their travel may have been related to the
interests of their parents. Their travels may have been more tourist-driven, and if the students
stayed in chain hotels and ate in chain restaurants found across the U.S. their experiences of
different cultures may have been quite limited. Overall, the literature supports our observation
that living abroad and immersive foreign experiences may have a more significant impact on
creativity compared to merely traveling abroad. The findings also indicate that the impact of
travel on creativity may vary based on the depth of cultural immersion and the diversity of travel
experiences.

Future Work

In our study, the artistic creativity of the research participants was demonstrated through a
drawing while their innovation was evaluated by a self-rated measure. In our future work, we
envision assessing research participants’ term projects for innovation demonstrated through their
work. This would provide us with more comparable measures for artistic creativity and
innovation self-efficacy attributes. Our future focus group with the research participants will
explore the portion of states that they reported having visited that they also lived in. This can
help us better understand the relationship between the lived experiences of the participants with
their artistic creativity.

Summary and Conclusions

This research explored the correlation of engineering students’ innovation attitudes and artistic
creativity with gender, travel, and multilingualism. The innovation self-efficacy of participants
was measured using the Very Brief Innovation Self-Efficacy scale (ISE.6), the Innovation
Interests scale (INI), and the Career Goals: Innovative Work scale (IW). The drawings were
analyzed for artistic effort (AE) and creative work (CW) by an engineering team and a fine arts
professor, respectively. The ISE survey results were compared with AE and CW scores and the
correlations of gender, travel, and multilingualism with creativity attributes were explored. A



strong correlation between CW scores and AE scores was observed. The CW scores were
significantly different between female and male students, except for black/white shading. There
were no significant differences between the AE scores for female versus male students. There
was a negative correlation between CW and ISE scores. A correlation between multilingualism
and travel with artistic creativity and ISE attributes could not be established. The results illustrate
that there are significant differences between artistic creativity and innovation attitudes in
engineering students.

Acknowledgments

This material is based in part on work supported by the National Science Foundation under
Award No. 2205067. Any opinions, findings, conclusions, or recommendations expressed in this
material are those of the author(s) and do not necessarily reflect the views of the National
Science Foundation. We extend our sincere appreciation to Dr. David Delaine for his invaluable
mentorship and guidance on qualitative data analysis throughout this project.

References

[1] S. Daly, E. Mosyjowski, and C. Seifert, "Teaching creativity in engineering courses", Journal
of Engineering Education, vol. 103, no. 3, pp. 417-449, 2014.
https://doi.org/10.1002/jee.20048

[2] Drucker, P.F. Innovation and Entrepreneurship, 1st ed.; Routledge: London, UK, 2014.

[3] C. E. Shalley, J. Zhou, and G. R. Oldham, "The effects of personal and contextual
characteristics on creativity: Where should we go from here?" Journal of Management, vol.
30, no. 6, pp. 933-958, 2004.

[4] T. M. Amabile, R. Conti, H. Coon, J. Lazenby, and M. Herron, "Assessing the work
environment for creativity," Academy of Management Journal, vol. 39, no. 5, pp. 1154—
1184, 1996. https://doi.org/10.2307/256995

[5] National Academy of Engineering, "The Engineer of 2020: Visions of Engineering in the
New Century," Washington, DC: The National Academies Press, 2004.
https://doi.org/10.17226/10999.

[6] National Academies of Sciences, Engineering, and Medicine, "Environmental Engineering
for the 21st Century: Addressing Grand Challenges," Washington, DC: The National
Academies Press, 2019. https://doi.org/10.17226/25121.

[7] E. Sola, R. Hoekstra, S. D. Fiore, and P. McCauley, "An investigation of the state of
creativity and critical thinking in engineering undergraduates," Creative Education, vol. 08,
no. 09, pp. 1495-1522, 2017. https://doi.org/10.4236/ce.2017.89105.

[8] M. Hahn and K. Lee, "Exploring the role of self-confidence, need-for-cognition, and the
degree of its support on individual creativity: multilevel analysis approach," Current
Psychology, vol. 36, no. 3, pp. 565-576, 2016. https://doi.org/10.1007/s12144-016-9445-z.

[9] A. Bandura, W. Freeman, and R. Lightsey, "Self-efficacy: the exercise of control," Journal of
Cognitive Psychotherapy, vol. 13, no. 2, pp. 158-166, 1999. https://doi.org/10.1891/0889-
8391.13.2.158.

[10] G. Gunawan, K. Kartono, W. Wardono, and I. Kharisudin, "Analysis of mathematical
creative thinking skill: in terms of self-confidence," International Journal of Instruction,
vol. 15, no. 4, pp. 1011-1034, 2022. https://doi.org/10.29333/1ji.2022.15454a.




[11] A. Zielinska, I. Lebuda, D. Jankowska, and M. Karwowski, "Self-regulation in creative
learning: agentic perspective," Creativity Theories — Research — Applications, vol. 8, no. 1,
pp. 52-71, 2021. https://doi.org/10.2478/ctra-2021-0005.

[12] S. Phelan and A. Young, "Understanding creativity in the workplace: an examination of
individual styles and training in relation to creative confidence and creative self-
leadership," The Journal of Creative Behavior, vol. 37, no. 4, pp. 266-281, 2003.
https://doi.org/10.1002/j.2162-6057.2003.tb00994 .x.

[13] M. Karwowski and R. Beghetto, "Creative behavior as agentic action," Psychology of
Aesthetics Creativity and the Arts, vol. 13, no. 4, pp. 402-415, 2019.
https://doi.org/10.1037/aca0000190.

[14] J. Haase, E. Hoff, P. Hanel, and A. Innes-Ker, "A meta-analysis of the relation between
creative self-efficacy and different creativity measurements," Creativity Research Journal,
vol. 30, no. 1, pp. 1-16, 2018. https://doi.org/10.1080/10400419.2018.1411436.

[15] E. Marshman, Z. Y. Kalender, T. J. Nokes-Malach, C. D. Schunn, and C. Singh, "Female
students with a’s have similar physics self-efficacy as male students with ¢’s in
introductory courses: a cause for alarm?" Physical Review Physics Education Research,
vol. 14, no. 2, p. 020123, 2018. https://doi.org/10.1103/physrevphyseducres.14.020123.

[16] T. de C. Nakano, K. da S. Oliveira, and P. Zaia, "Gender Differences in Creativity: A
Systematic Literature Review," Psicologia: Teoria E Pesquisa, vol. 37, 2021.
https://doi.org/10.1590/0102.3772e372116.

[17] R. J. Daker, R. A. Cortes, I. M. Lyons, and A. E. Green, "Creativity anxiety: Evidence for
anxiety that is specific to creative thinking, from STEM to the arts," Journal of
Experimental Psychology: General, vol. 149, no. 1, pp. 42-57, 2020.
https://doi.org/10.1037/xge0000630.

[18] S. Ashourizadeh, Z. H. Chavoushi, and T. Schett, "People’s confidence in innovation: a
component of the entrepreneurial mindset, embedded in gender and culture, affecting
entrepreneurial intention," International Journal of Entrepreneurship and Small Business,
vol. 23, no. 1-2, pp. 235-251, 2014. https://doi.org/10.1504/IJESB.2014.065310.

[19] C. Charyton and G.E. Snelbecker, "General, Artistic and Scientific Creativity Attributes of
Engineering and Music Students," Creativity Research Journal, vol. 19, no. 2-3, pp. 213-
225,2007. doi: 10.1080/10400410701397271.

[20] A. K. Leung, W. W. Maddux, A. D. Galinsky, and C. Chiu, "Multicultural experience
enhances creativity: the when and how," American Psychologist, vol. 63, no. 3, pp. 169-
181, 2008. https://doi.org/10.1037/0003-066x.63.3.169.

[21] W. W. Maddux and A. D. Galinsky, "Cultural borders and mental barriers: the relationship
between living abroad and creativity," Journal of Personality and Social Psychology, vol.
96, no. 5, pp. 1047-1061, 2009. https://doi.org/10.1037/a0014861.

[22] M. Janssens, W. W. Maddux, and T. Nguyen, "Globalization: Current issues and future
research directions," Negotiation and Conflict Management Research, vol. 12, no. 2, pp.
174-185, 2019.

[23] G. Fiirst and F. Grin, "Multicultural experience and multilingualism as predictors of
creativity," International Journal of Bilingualism, vol. 25, no. 5, pp. 1486-1494, 2021.
https://doi.org/10.1177/13670069211019468.

[24] M. H. Huang and R. T. Rust, "Artificial intelligence in service," Journal of Service
Research, vol. 21, no. 2, pp. 155-172, 2018. https://doi.org/10.1177/1094670517752459.




[25] M. Pozzo and H. Ghorashi, "How liminality enhances conviviality through multilingual co-
creations: young refugees in the Netherlands," Current Sociology, vol. 70, no. 5, pp. 682-
702, 2021. https://doi.org/10.1177/0011392120932933.

[26] M. Pitzl, "World Englishes and creative idioms in English as a lingua franca," World
Englishes, vol. 35, no. 2, pp. 293-309, 2016. https://doi.org/10.1111/weng.12196.

[27] L. Wei, "Multilinguality, multimodality, and multicompetence: code- and mode switching
by minority ethnic children in complementary schools," Modern Language Journal, vol.
95, no. 3, pp. 370-384, 2011, https://doi.org/10.1111/j.1540-4781.2011.01209.x.

[28] A. Kharkhurin, "Bilingual verbal and nonverbal creative behavior," International Journal of
Bilingualism, vol. 14, no. 2, pp. 211-226, 2010.
https://doi.org/10.1177/1367006910363060.

[29] A. Kharkhurin, "Language-mediated concept activation in bilingual memory facilitates
cognitive flexibility," Frontiers in Psychology, vol. 8, 2017.
https://doi.org/10.3389/fpsyg.2017.01067.

[30] S. Nkadimeng and L. Makalela, "Identity negotiation in a super-diverse community: the
fuzzy language logic of high school students in Soweto," International Journal of the
Sociology of Language, vol. 2015, no. 234, 2015. https://doi.org/10.1515/ijs1-2015-0002.

[31] K. Ahlgren, A. Golden, and U. Magnusson, "Metaphor in education," Metaphor and the
Social World, vol. 11, no. 2, pp. 196-211, 2021. https://doi.org/10.1075/msw.00015.ahl.

[32] E. Piccardo, "Plurilingualism as a catalyst for creativity in superdiverse societies: a systemic
analysis," Frontiers in Psychology, vol. 8, 2017. https://doi.org/10.3389/fpsyg.2017.02169.

[33] C. Charyton and J.A. Merrill, "Assessing general creativity and creative engineering design
in first year engineering students," Journal of Engineering Education, vol. 98, no. 2, pp.
145-156, 2009. https://doi.org/10.1002/j.2168-9830.2009.tb01013.x.

[34] M. Schar, M.F. Schar, S.K. Gilmartin, A. Harris, B. Rieken, S.D. Sheppard, “Innovation
self-efficacy: A very brief measure for engineering students,” in American Society of
Engineering Education: Proceedings of the Annual Conference and Exposition, Columbus,
OH, 2017. https://peer.asee.org/28533.

[35] A. Bolhari and S. Tillema, "Enhancing Engineering Students’ Innovation Self-Efficacy
through Design of K-12 STEM Projects," presented at 2022 ASEE Annual Conference &
Exposition, Minneapolis, MN, August 2022. https://doi.org/10.18260/1-2—40763.

[36] K. Ulger, "A review of the criteria of the prediction of students’ creative skills in the visual
arts education," Creativity Studies, vol. 13, no. 2, pp. 510-531, 2020.
https://doi.org/10.3846/cs.2020.11860.

[37] K. Ulger, "A comparison study from a creative thinking perspective in different domains as
art education and non-art education students," Creativity Studies, vol. 16, no. 1, pp. 193-
210, 2023. https://doi.org/10.3846/cs.2023.14593.

[38] Getty Education, "Formal Analysis," The J. Paul Getty Trust. [Online]. Available:
https://www.getty.edu/education/teachers/building_lessons/formal analysis.html.
[Accessed: February 7, 2024].

[39] T. H. Chan, H. Liu, S. Keck, and W. Tang, "When do teams generate valuable inventions?
The moderating role of invention integrality on the effects of expertise similarity, network
cohesion, and gender diversity," Production and Operations Management, vol. 32, no. 6,
pp. 1760-1777, 2023. https://doi.org/10.1111/poms.13939.

[40] A. Robb and S. Coleman, "Gender differences in innovation among US entrepreneurs," in
Women's Entrepreneurship in the 21st Century.: An International Multi-level Research



Analysis, K.V. Lewis, C. Henry, E.J. Gatewood, and J. Watson, Eds. Edward Elgar
Publishing, 2014.



APPENDIX A

Let's get to

comments.

below:

Adapted from: Riley,

Meet the Monsters!

know each other and have fun while doing it!

Imagineer yourself as a monster! How would you look like (examples below)? Make sure your
monster has the following body parts:

e leg(s): number of states you have stepped in (flying over and airport standby does not
count)

e mouth(s): number languages you speak

e eye(s): number episodes/movies you watched (e.g., on Netflix) this weekend

e hand(s): number of courses you have this semester

e tail(s): number of pets you have

e in your hand: hold an object that is your hobby, job or sport that you play, any CU clubs
that you are part of, flags of international travels.

e optional: situate your monster in a background that represents the strengths you
received from your family (e.g., the environment you grew up in, skills passed on to you
by your family, a family business, heritage, or traditions).

When done, take a photo of your piece of art and upload it here on the discussion board by the
specified deadline. Then you have two days to review your classmate's monsters and make 2

Your instructional team (including me!) will also create their own monsters and will share them
with the class. An example of a monster by my former student (current practicing engineer) is

J. (2018, August 8—11). Making the Most of the First Day of Your Class. [Conference
presentation]. Lily Conference 2018, Austin, TX, United States.




APPENDIX B

Innovation Self-efficacy survey questions

Please think about how
confident you are in your
ability to do these
activities. How confident
are you in your ability to

How much interest do you have
in...

How important is it to you to
be involved in the following
job or work activities in the
first five years after you
graduate?

Ask a lot of questions.

Experimenting in order to find
new ideas.

Searching out new
technologies, processes,
techniques, and/or product
ideas.

Generate new ideas by
observing the world.

Conducting basic research on
phenomenon in order to create
knowledge.

Generating creative ideas.

Finding resources to bring
new ideas to life.

Developing plans and
schedules to implement new
ideas.

Promoting and championing
ideas to others.

Connect concepts and
ideas that appear, at first

glance, to be unconnected.

Giving an elevator pitch or
presentation to a panel of
judges about a new product or
business idea.

Investigating and securing
resources needed to implement
new ideas

Experiment as a way to
understand how things
work.

Build a large network of
contacts with whom you can
interact to get ideas for new
products or services.

Developing adequate plans and
schedules for the
implementation of new ideas.

Selling a product or service in
the marketplace.




