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Abstract 

This study used a mixed methods approach to investigate undergraduate engineering students’ 

internal motivation for engineering creativity and student attitude and understanding of creativity in 

engineering and the arts. Using an ex-post facto design, students’ engineering creativity self-efficacy, 

creative personal identity, creative growth mindset, and tolerances of judgement, the messy unknown, and 

the first step were measured. These elements were compared across gender, year of study, engineering 

discipline, problem-solving preference, and creative confidence, as well as frequency and duration of arts 

involvement, prevalent arts activities throughout time, and performance experience. A survey instrument 

was created, including the development of new scales. A mixed methods pilot study was conducted to 

improve it. It was then distributed to undergraduate students at nine Canadian engineering institutions, 

with 269 respondents. A qualitative phenomenological methodology was implemented, investigating 

student perceptions of creativity in engineering and art and any benefit of arts in creative development 

through 21 individual interviews. 

Results from the survey instrument suggested that students possess generally high creativity self-

efficacy and tolerance of fears hindering creativity, and neutral creative mindset and creative personal 

identity. Thus, students may be internally motivated to engage in engineering creativity. Students 

involved in arts displayed higher creative personal identity, while male students had higher creative self-

efficacy and tolerance of fears than female students. Students who preferred open-ended problems 

displayed higher instances of internally motivating characteristics than those who preferred closed-ended 

problems.  

Qualitative results indicate that students define engineering creativity as problem solving, while 

artistic creativity was described in terms of emotional response. Students identified barriers to creativity, 

including the fears of judgement, failure, and doing things differently, and lack of time, lack of 

opportunity, and lack of value from instructors. The arts were identified as useful in overcoming internal 



iii 

 

barriers to creativity, as well as development of self-confidence, perseverance, different perspectives, and 

communication skills. 

Universal understanding of engineering creativity would aid in combating student misconception 

and provide a foundation for assessment. Instructor support is key in fostering creativity of 

undergraduates. Creativity education should be implemented, and opportunities for creative engagement 

without risk of failure adopted in engineering education. 
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Chapter 1 

Introduction 

Greek philosopher Heraclitus of Ephesus famously stated, “there is nothing permanent except 

change” (as cited in Rogers, 1907). Indeed, the world today is in a state of constant flux, developing and 

changing with rapid abandon. David Cropley (2015) writes that change itself “drives the expression of 

new needs and the development of new technologies”. Engineering, he states, is a problem-solving 

process which is imperative to connect “those new needs and new technologies together” (p. 161).  The 

ever-evolving needs and problems of the world must be addressed, therefore, with the similarly rapid 

evolution of engineering problem solving through the generation and development of effective and novel 

solutions; in a word, creativity.  

Creativity in Engineering 

Creative thinking has been long recognized as necessary to successful complex and 

multidimensional problem solving (de Bono, 1977). This is confirmed in engineering literature, with 

many practitioners and researchers finding it to be an essential tool for effective engineering problem 

solving (D. H. Cropley, 2015; Kazerounian & Foley, 2007; Mitchell, 1998). Indeed, we see a growing 

demand in industry for graduating engineering students who possess creative thinking and problem 

solving skills (Baillie, 2002).  

It is the work of engineering educators, then, to effectively instill these creative skillsets in their 

students. This is a role emphasized by the accreditation criteria defined by Engineers Canada, the national 

association responsible for the regulation of the education and practice of engineering. Undergraduate 

engineering programs across Canada design and update their curricula to reflect the skills demanded by 

Engineers Canada. The current accreditation criteria call for a focus in design, with graduate engineers 

who possess “an ability to design solutions for complex, open-ended engineering problems”  
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(Engineering Accreditation Board, 2017, p. 13). The role of creativity is evident here, and thus must be 

developed in engineering undergraduates.  

However, there seems to be a disconnect between the creative thinking skills expected by 

industry and accreditation, and those possessed by graduating undergraduates. Cropley (2015) identifies a 

disparity between creativity and engineering, which is “most pronounced in engineering education” (p. 

162). He states that institutions are hesitant to implement new curricula for creativity development and 

those involved may not understand the topic well enough to effectively change the system, even if they 

are interested in doing so. Research has continued in this area, with Kazerounian and Foley (2007) 

identifying barriers to creativity in engineering education. Many of these barriers focus on students’ 

internal dialogue, attitudes, and motivation. Indeed, student motivation is increasingly important in 

creativity research, as it is generally accepted that for students to engage in engineering creativity, they 

must first be motivated to do so. Internal motivation and creative self-efficacy have been shown to be 

predictors of creative output (Prabhu, Sutton, & Sauser, 2008), but have not been well explored within the 

Canadian engineering context. So next let us investigate another area more traditionally associated with 

creative motivation: the arts.  

Creativity in Art 

In the general population, there tends to be an assumption that creativity is more associated with 

the arts than the sciences. When prompted to think of “creative individuals”, often the first to spring to 

mind are filmmakers, novelists, composers, musicians, or visual artists. This stereotypical view was 

lamented by physicist and novelist C. P. Snow (1959) as he states: 

In our society (that is, advanced western society) we have lost even the pretense of a common 

culture. Persons educated with the greatest intensity we know can no longer communicate with 

each other on the plane of their major intellectual concern. This is serious for our creative, 

intellectual and, about all, our normal life. It is leading us to interpret the past wrongly, to 

misjudge the present, and to deny our hopes of the future. (p. 15) 
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 This dichotomy between science and art is also a relatively modern construct. Harken for a 

moment back to the time of Michelangelo (painter, sculptor, poet, engineer, architect, anatomist), 

Leonardo da Vinci (painter, sculptor, engineer, inventor), Plato or Aristotle (foundational physicists and 

mathematicians, as well as developing esthetics, ethics, and political science). These innovators were 

firmly grounded both in artistic and scientific thinking and creativity.  

 Motivation in artistic endeavors has generally been tied to internal factors such as enthusiasm, 

excitement, passion, or curiosity (Ceci & Kumar, 2016). There is also research to suggest that motivation 

for creativity can be transferred across disciplinary lines into STEM focused subjects (Burton, Horowitz, 

& Abeles, 2000; Hong, Peng, & O’Neil, 2014). This motivation for creativity has been largely neglected 

in engineering education literature, although there is a blatant connection between the skills and 

motivation possessed by artistically creative individuals and the skills required of creative engineers.  

Thus, the purpose of this study is to more fully investigate the internal motivation of 

undergraduate engineering students to engage in engineering creativity, as well an exploration of factors 

which may have influenced or impacted their creative development. Most attention will be paid to the 

creative and performing arts, in an attempt to investigate the ever-present divide between scientific and 

artistic mindsets.    
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Chapter 2 

Literature Review 

The modern engineering student must remain flexible and open in face of great societal change to 

appropriately address problem and need. As discussed in the Introduction, the need is then for engineering 

education to instill in modern students such a capacity. To do so, relevant background must be drawn 

from creativity research. 

Due to the complexity and broad reach of creativity, a wide range of literature was reviewed to 

provide the relevant background for this research.  One of the shortcomings of modern engineering 

education research is a lack of consideration of existing literature (D. H. Cropley, 2015), particularly in 

such a broad context as creativity. This chapter first contains a review of traditional constructs and 

concepts of creativity in psychology and education, and creativity in engineering education. Engineering 

education literature is then examined in more detail, specifically focusing on: (a) pedagogical practices to 

teach and enhance creativity; (b) measurement and assessment of creativity; (c) student attitudes and 

understanding of creativity in engineering; (d) barriers to engineering creativity and (e) motivation for 

engineering creativity. The chapter then closes with a discussion of appropriate theoretical frameworks 

for this research, highlighting: (a) self-determination theory; (b) self- efficacy theory; and (c) goal 

orientation theory.  

What is Creativity? 

 Creativity, in general, is a construct that is well known as being elusive and hard to pin down.  

The definition and description of creativity has been debated in many different areas, from personality 

traits of creative individuals to the characteristics of creative output. This diversity makes concrete 

definition difficult. Runco (2004) broadly suggests review of creative persons, products, and processes. A 

brief summary of notable theory and work is presented below in each of those categories.  
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 Research into creative persons is vast, including research on personal characteristics such as 

personality. Barron and Harrington (1981) summarized research in that area, concluding that creative 

individuals have: 

high valuation of aesthetic qualities in experience, broad interests, attraction to complexity, high 

energy, independence of judgement, autonomy, intuition, self-confidence, ability to resolve 

antimonites or to accommodate apparently opposite or conflicting traits in one’s self-concept, 

and, finally, a firm sense of self as ‘creative’. (p. 453) 

More modernly, Treffinger, Young, Selby, and Shepardson (2002) reviewed 120 definitions of 

creativity and drew personality characteristics associated with creative productivity from over 100 

articles. This resulted in four patterns of abilities, dispositions, styles, and personal characteristics: (a) 

generating ideas using divergent and metaphorical thinking; (b) digging deeply into ideas using 

convergent and critical thinking; (c) openness and willingness to explore new ideas; and (d) willingness to 

listen to his or her inner voice. The last two categories are lengthy and comprised of many key 

characteristics, summarized in Table 1. 

Table 1  

Personality characteristics associated with two patterns of creative individuals, as determined by 

Treffinger et. al (2002). 

Characteristics Associated with Openness and 

Courage to Explore Ideas 

Characteristics Associated with Listening to 

One’s Inner Voice 

• Sensitivity to problems 

• Aesthetic sensibilities 

• Curiosity 

• Sense of humor 

• Playfulness 

• Fantasy thinking 

• Risk-taking 

• Tolerance for ambiguity 

• Tenacity 

• Openness to experience 

• Adaptability 

• Intuition 

• Willingness to grow 

• Openness to feelings 

• Self-awareness of creativeness 

• Persistence 

• Independence of thought 

• Self-disciplined 

• Self-directed 

• Autonomous 

• Self-confident 

• Reflective 

• Introspective 

• Internal locus of control 

• Rejecting stereotypes 

• Energetic 

• Hard-working 

• Absorption in work 
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Characteristics Associated with Openness and 

Courage to Explore Ideas 

Characteristics Associated with Listening to 

One’s Inner Voice 

• Unwillingness to accept authoritarian 

assertions without critical examination 

• Integration of dichotomies 

• Unsociable 

 

 In both of these summaries of creative personality, internal motivation plays a key role (Barron & 

Harrington, 1981; Treffinger et al., 2002). Indeed, internal (or intrinsic) motivation is frequently included 

as a core characteristic of creative individuals. This has been researched both in the sense that creative 

people tend to follow intrinsic interests, and that tasks that are intrinsically motivated tend to be free from 

constraints that inhibit creativity (Amabile, 1983, 1996). This combination of motivation and creativity 

will be expanded upon when discussing theories of the creative process.  

One could hardly discuss the creative personality without inclusion of the Big Five framework – 

one of the most influential paradigms in personality research. The Big Five organizes broad individual 

differences in social and emotional life into five analytically derived categories: (a) extroversion; (b) 

neuroticism; (c) conscientiousness; (d) agreeableness; and (e) openness to experience. Openness has been 

found to be strongly associated with all kinds of creativity at all levels of achievement, (Batey & 

Furnham, 2006; Feist, 1998) particularly to divergent thinking capabilities (McCrae, 1987).  Extraversion 

is generally comprised of factors including high energy, positive affect, enthusiasm, novelty seeking, 

dominance, self-confidence, sociability, and assertiveness (Pervin & John, 1999). All of these traits have 

been found to be positively associated with divergent thinking and other creativity measures, except for 

sociability (Batey & Furnham, 2006). Feist (1998) identifies a disparity in the neuroticism trait, positing 

that creative artists exhibit more traits like anxiety and sensitivity, and are more emotional than creative 

scientists. This domain specificity is a key debate amongst creativity researchers, discussed in more depth 

in the Creative Polymathy section. Research on conscientiousness also exhibits this dichotomy, 

identifying creative scientists as more conscientious than the general public or artists. However, highly 

creative scientists are, in fact, less conscientious than their less creative scientific peers (Feist, 1998). 

Conscientiousness, then, is ambiguously related to creative persons. Finally, agreeableness is often 
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negatively associated with creative individuals, creating the view of the creative as asocial, hostile, and 

unconventional (Feist, 1998). Batey and Furnham (2006) also found low levels of agreeableness in 

creative individuals, which they associated with being less team oriented, less self-controlled, and less 

concerned with good impressions.  

The creative product has garnered as much controversy as creative personality. This area of 

research focuses on outcomes that result from the creative process. In modern research, it is generally 

accepted that creativity involves the generation of novel and useful products or ideas, as determined by 

Mayer’s (1999) review of seven definitions given by authors contributing to Sternberg’s seminal 

‘Handbook of Creativity’ (1999). This definition has been criticized due to its inadequacy as regards 

artistic creativity, as usefulness is a difficult construct to apply to something that’s use is merely to be 

enjoyed (Piffer, 2012). Thus the concept of “appropriateness” has gained popularity (Zeng, Proctor, & 

Salvendy, 2011), evoking appreciation rather than usefulness.  

The impact or influence of a creative work has also been included in definitions of creativity, 

particularly in the popular systems theory of Csikszentmihalyi (1988, 1996),  who presented a detailed 

analysis of both novelty and usefulness in creativity. He proposed that three components are involved in 

making any product creative, namely the individual, working in some domain, as well as the field of 

individuals working in that domain. The members of the field then decide when an innovation is of 

interest, and it then becomes part of the domain. In this view, a product or contribution can only be 

deemed creative if it has successfully been deemed valuable by the field and become part of the domain. 

If the product is rejected by the field, in Csikszentmihalyi’s view, it is not creative - whether or not it is 

novel. This redefinition of the creative product also encompasses a theory of the creative process, i.e. the 

means by which an idea is deemed to be creative.  

Weisberg (2006) disagrees with this view, believing that the creativity of an object should be 

separate from its value for two reasons: (a) the value of a product can change over time; and (b) there is 

no reason to believe that the psychological processes involved in producing a positively evaluated 
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innovation are different than those underlying a negatively evaluated one. He further suggests that a 

creative contribution can be made by an individual to whom that contribution is novel and useful, 

regardless of the opinion of the field.  

Value was further classified by Kaufman and Beghetto (2009), who popularized a “four C” model 

of creativity, defining creativity by gauging the scope of the creative act. They do not limit creativity to an 

act which changes the field but break creativity down into smaller sub-categories. Here, creativity is 

characterized as mini-c (novel and personally meaningful interpretations of experiences), little-c 

(everyday problem solving and creative expression), Pro-C (creative professional acts), and Big-C 

(eminent creative contributions in a particular domain). This certainly can be extended to the educational 

environment, where most research focuses on the integration of mini-c and little-c levels (most notably in 

elementary and secondary education) (Craft, 2005; J. C. Kaufman & Beghetto, 2009; Upitis, 2014) . 

Engineering is unique in that, as a professional degree, Pro-C creativity also has the capacity to be 

encouraged and developed.   

Amabile (1983, 1996) developed an influential componential theory of creativity, further bridging 

the gap between the creative product and the creative process. Her theory involves the integration of 

social-psychological factors in thinking about creativity, one of the first to do so (Weisberg, 2006). She 

posits that creativity requires three components: (a) domain-relevant skills (the ability to play an 

instrument, or knowledge of structural mechanics); (b) creativity-relevant skills (appropriate cognitive 

style, and methods of breaking set during problem solving); and (c) task motivation (one’s attitude toward 

the task and perception of motivation). These three components are highlighted in Table 2. The inclusion 

of task motivation was an important development in creativity literature. This was expanded upon by Deci 

and Ryan (2000, 2002), finding a unique balance between extrinsic and intrinsic motivation necessary for 

creativity. Specifically, rewards (extrinsic motivators) undermine intrinsic motivation only when they 

lead people to feel controlled by the situation – when self-determination is undermined. However, these 

rewards can enhance intrinsic motivation and creativity when they confirm competence, provide useful 
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information in a supportive way, or enable individuals to engage in tasks they are already intrinsically 

motivated to do. When initial internal creative motivation was already strong, these boosting effects were 

found to be more likely (Amabile, 1996). Deci and Ryan’s self-determination theory is fully described in 

Motivation Theory.  

Table 2  

Components in Amabile's (1983) theory of creativity. 

Component Description 

Domain-relevant skills Knowledge about the domain and required technical skills or talents. 

Creativity-relevant skills Appropriate cognitive styles, such as: (a) breaking set; (b) keeping 

response options open; and (c) breaking out of performance “scripts”.  

Knowledge of heuristics for new idea generation, such as trying 

something counterintuitive or playing with ideas.  

A work style conducive to creativity, notably persistence and 

concentrated effort. 

Personality traits 

Task motivation Attitudes toward a task, and perception of one’s own motivation for 

undertaking the task. Intrinsic motivation highly valued, while extrinsic 

motivation may interfere.  

 

Sternberg and Lubart (1995) also proposed an analysis of creative thinking, known as the 

Investment Theory of Creativity. Here, it is hypothesized that the creative thinker “buys low” and “sells 

high”, meaning that a creative individual tends to propose ideas that are unpopular, but have the capacity 

for growth. They then convince others of the value of these ideas, which become accepted. At this point, 

the individual “sells high”, moving on to a new, less popular idea and begin the process again. They also 

proposed that the individual capable of this creative production possesses several resources, namely 

intellectual abilities, knowledge, thinking styles, personality, motivation, and a supportive environment. 

We can see how this fully encompasses all facets of creativity research. Table 3 highlights key 

components of the Investment Theory of Creativity.  
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Table 3  

Resources for creativity according to Sternberg and Lubart's (1995) Investment Theory of Creativity. 

Resource Description 

Intellectual abilities The ability to see problems in new ways and go beyond ordinary ideas, 

the ability to recognize which ideas are worth pursuing, and the ability to 

convince others of the value of those ideas 

Knowledge Domain specific, however too much knowledge can interfere with 

production of novel concepts 

Thinking styles Legislative thinking style, with preference for doing things one’s own 

way. Global thinking style, knowing the general situation of the field to 

contribute important ideas. Liberal thinking style, the ability to think 

outside the box. 

Personality Allows one to think independently, overcome obstacles, and be willing 

to take risks. Particularly discussed as going against the crowd.  

Motivation Intrinsic, task-focused motivation. 

Environment An environment which supports and rewards creative ideas, generally in 

three ways: (a) sparking creative ideas; (b) supporting creative ideas; and 

(c) a basis for evaluating and improving creative ideas.  

 

These varied and multitudinous definitions and theories of creativity serve to merely show the 

complexity and depth of research and theory in the creative field. This complexity extends to the more 

focused domain of engineering and education. 

Creativity in Engineering  

In an education environment, Marquis and Henderson (2015) gathered data from 6,600 full-time 

instructors at eight Ontario universities, asking for their definitions of creativity, the importance of 

creativity within their disciplines, and their strategies for helping students develop their creative 

capacities. They found that, although there was a wide range of definitions of creativity, many responses 

identified novelty, unconventionality, and value as central characteristics, reflective of the consensus 

among modern creative psychologists. Plucker, Beghetto, and Dow (2004) argue that “without an agreed-

on definition of the construct, creativity’s potential contributions to psychology and education will remain 

limited” (p. 87). They conducted a content analysis of articles relating to creativity in psychology, 
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business, and education, finding that the majority of articles did not explicitly define the term. Those that 

did (38%) had widely varied definitions.  

An attempt has also been made to define creativity in an engineering-specific context, to mixed 

results. Zappe, Mena, and Litzinger (2013) investigated the conceptualization of creativity in engineering 

education research, reviewing journal articles in engineering education from 2006-2011. They found no 

consistent definition of engineering creativity across 16 different articles, but did note common themes of 

problem solving, originality, and usefulness. 

It proves difficult to incorporate creativity training into engineering pedagogy if there is no 

common understanding of what engineering creativity truly is. The literature supports the need for a clear 

definition of creativity in this context, so expectations and learning objectives are clear to students and 

can be successfully aligned with program requirements (Baillie, 2002; Kazerounian & Foley, 2007).  

Indeed, Cropley (2015) identifies a pattern in engineering education research – namely that even 

concerted efforts to explore creativity seem to “willfully avoid or ignore”  the existing literature (p.165), 

instead offering numerous exclusive definitions of the term. This ambiguity complicates the incorporation 

of creativity training into engineering pedagogy, leading to an apparent lack of opportunity for creative 

skill development in engineering education.  

David and Arthur Cropley (2005) identify creativity in engineering as functional creativity, 

whereby the most important aspect is “the devices or systems that perform tasks or solve problems… 

practically useful products” (p. 171). They propose a four-dimensional model for defining the creativity 

of engineering products, which are: 

1. Relevance and effectiveness: The product successfully solves the problem for which it was 

intended.  

2. Novelty: The product is original.  

3. Elegance: The product is “beautiful” and goes beyond a simple solution, perhaps introducing 

a “bonus” feature or characteristic. 
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4. Generalizability: The product is widely relevant and may be transferred to other situations to 

solve other problems.  

These dimensions, Cropley and Cropley state, form a hierarchy. Dimensions 1 and 2 are essential to any 

creative product, while dimensions 3 and 4 are desirable, but “only interesting when the first two have 

been met” (p. 177). They also state that the inclusion of lower dimensions adds value to those above 

them. For example, elegance adds to both novelty and effectiveness of a given creative solution.  

David Cropley (2015) continues work in defining engineering creativity, shifting focus to creative 

engineering problem solving. This is characterized by Cropley as forward incrementation (a new solution 

satisfies an old problem but in a better way), redirection (a new solution satisfies a new problem and 

opens new possibilities), and re-initiation (a new problem emerges which can only be satisfied by a new 

solution), which are areas focused on the solution. This model is outlined in Figure 1, highlighting the 

“four-quadrant” nature of this definition, based on the novelty of both the solution and the problem. 

 

Figure 1. Cropley’s (2015) model of creative and routine problem-solving paradigms. 



 

13 

 

Badran (2007) similarly defines engineering creativity as bringing something into being, 

producing something novel, unique, and original. He further elucidated on the difference between 

creativity and innovation. Innovation, he says, being “adding something new to an existing product or 

process” (p. 574). 

For this study, and based on the definitions present in the literature, engineering creativity is 

defined as follows:  

the ability to transcend ideas, rules, patterns, relationships, or the like, and to create meaningful 

new ideas, forms, methods, and interpretations, as applied in engineering to solve problems in 

novel, relevant, and efficient ways. 

This definition encompasses the common themes identified above both from general creativity literature 

and engineering creativity literature, namely a problem-solving approach focused in novelty and 

usefulness.  

Creativity in Art 

Creativity is traditionally considered to be associated with “soft” subjects like arts and 

humanities, creativity in art is generally taken for granted. Traditional measures of creativity, for example, 

hinge on “creative accomplishments” almost all of which are in the domain of creative and performance 

arts (A. J. Cropley, 2000). However, this is of some value, as there is evidence to suggest that 

involvement in arts activities leads to the development of creativity, imagination, and risk-taking 

behaviors that are transferable across disciplinary lines.  

Burton, Horowitz, and Abeles (2000) tested 2,406 students in grades 4, 5, 7 and 8 to determine if 

cognitive skills developed through arts have an effect on learning and thinking in general, as well as on 

other subject matter domains. Through mixed methods, they found that students with high arts exposure 

exhibited increased instances of personal learning indicators such as risk-taking, confidence, ownership of 

learning, and task-perspective. These same personal learning indicators were present in other subject 

matter disciplines, such as science lessons that called for “figuring out ideas”. They found that groups of 
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cognitive elements or “constellations” (such as capacity for elaboration, fluency, and originality), and 

underlying cognitive structures (such as taking multiple perspectives and layering relationships), can be 

“activated” through the arts, and applied within broad and flexible pedagogical contexts. This study, 

although it does not offer clear evidence of transfer, does suggest a relationship between learning in the 

arts and other disciplines.  

Many studies suggest that young children exposed to varied arts experience both in and out of 

school are more confident and willing to take risks than students who are uninvolved in the arts (Burton et 

al., 2000; Eisner, 1998; Knifsend & Graham, 2012; Luftig, 1994). Indeed, we see a blatant connection 

between the skillset developed by creative and performing arts involvement and the personal 

characteristics important to creative engineers. Charyton and Snelbecker (2007b) compared levels of 

general creativity between engineering and music students in undergraduate programs, finding that 

musicians had higher levels of general creativity. Similarly, Cotter and Pretz (2015) collected data 

regarding extra-curricular involvement and creative ability for 232 applicants to a small, 4 year 

undergraduate liberal arts college, discovering that membership and intensity in arts clubs was positively 

associated with higher creativity scores, as well as self-reported artistic creative ability. 

Hong, Peng, and O’Neil (2014) surveyed 439 tenth grade students, examining relationships 

between five personal traits (openness to experience, creative self-efficacy, intrinsic motivation, 

conscientiousness, and perceived intelligence) and creative activities and accomplishments in five 

domains (music, visual arts, creative writing, science, and technology). Openness to experience was found 

to be related to activities in music, visual arts, and creative writing, but not to science and technology, 

while creative self-efficacy was related to all but technology activities. Intrinsic motivation was related 

only to visual arts and scientific creative activities. 

The question of creative self-efficacy traits may be called a “chicken or the egg” situation – 

perhaps students who are by nature possessed of higher levels of creative self-efficacy self-select arts 

activities, rather than develop this confidence through their involvement. This study attempts to illustrate 
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grounds for a plausible connection between disciplines, rather than attempt to completely explain 

students’ creative development. This connection has never been examined from an engineering 

perspective, considering the concept of related learning highlighted by Burton, Horowitz, and Abeles 

(2000). Related learning and transfer are further examined through literature involving high creative 

achievement in multiple domains; creative polymathy. 

Creative Polymathy 

 Peppered throughout the above definitions and theories is the ever-present debate of the domain 

specificity of creativity. Although there is generally consensus that creativity exists across all domains, 

the debate continues as the whether the quality of that creativity is different across those domains, or 

whether creativity is domain general (Upitis, 2014).  

 The concept of multicreative potential is often frowned upon, as it is sometimes mistakenly 

viewed as leading to overly domain-general assumptions regarding the essence of creative expression, 

such as that creative proficiency in one domain necessitates creative proficiencies in other domains (R. A. 

Beghetto & Kaufman, 2009). Most contemporary creativity scholars associate with either domain-specific 

or a hybrid position on the subject.  

Beghetto & Kaufman (2009) have a hybrid approach to the domain-specificity debate, noting that 

it is possible to express creativity in and across multiple domains, while still adhering to domain-specific 

conventions. They further discuss how the conceptualization of multiple levels of creativity (their Big-C, 

Pro-C, little-c, and mini-c framework, discussed previously), leads to the conclusion that creative 

polymathy may actually be fairly common. Figure 2 shows their hypothesized likelihood of creative 

polymathy according to level of creative magnitude.  
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 Kaufman, Beghetto, Baer, & Ivcevic (2010) suggest that creative polymathy is relatively rare at 

high levels only due to the long training period necessary to become field-proficient. They introduce a 

puppeteer/marionette analogy to explain creative polymathy, whereby the creative individual (puppeteer)  

is responsible for different creative works (marionettes) in different domains through the pulling of 

completely different “strings” or components that enable the individual to complete creative works. They 

further posit, however, that some traits and abilities are helpful for creativity expressed in any domain. 

One example is that intrinsic motivation for a variety of subject matter (or multiple domains), which they 

describe as “an essential personal attribute in creative polymathy” (p. 385). 

 Plucker (2005) reviews chapters on domain specific creativity in Kaufman and Baer’s Creativity 

Across Domains: Faces of the Muse (2005), concluding that both specificity and generality are important 

in creativity. He stated that upon working through the definitions present in the book, “it became 

increasingly difficult to distil aspects of creativity that were truly domain specific” (p. 310). He concludes 

that, to foster creativity across a wide range of domains, “focusing enhancement efforts solely on domain-

specific strategies will be difficult – if not impossible – and probably not very effective” (p. 312). 

Figure 2. Level of creative magnitude, as shown in Beghetto and Kaufman (2009). 
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Robert Root-Bernstein is a prominent theorist who claims that creativity is domain general, 

bringing attention to the multitudinous examples of individuals who are creative across a wide array of 

fields (R. Root-Bernstein & Root-Bernstein, 2004). He includes this as one of five basic types of evidence 

to correlate artistic and scientific creativity: (a) successful artists and scientists tend to be polymaths with 

unusually broad interests and training, transcending disciplinary boundaries; (b) individuals in both 

disciplines have similar psychological profiles; (c) arts involvement and interests predict scientific 

success; (d) scientists and artists often describe their creative work habits in the same ways, drawing upon 

a similar “trans-disciplinary mental tool kit that includes observing, imaging, abstracting, patterning, body 

thinking, empathizing and so forth” (p. 2); and (e) the arts often stimulate scientific discoveries, just as 

science has influenced the nature of artistic creativity. 

His further work examined studies of scientists, mathematicians and engineers, finding that there 

is generally a distinct correlation between highly successful individuals and involvement in artistic, 

musical, crafts, and literary pursuits (R. Root-Bernstein, 2015). He compiled four types of evidence 

espousing involvement in these avocational interests to stimulate the creative capacity of individuals in 

science, engineering, technology and mathematics (STEM) fields. First, the argument by STEM 

professionals that success goes beyond verbal and mathematical skill, requiring enhanced development of 

visual and spatial imagination, hand-eye coordination, capacity to interpret models, and a highly 

developed artistic sensibility. Secondly, he highlights large statistical studies of highly skilled STEM 

professionals, revealing strong correlations between artistic activities and measures of success in STEM 

subjects (Nobel Prizes, patents, etc.) (LaMore et al., 2013; R. S. Root-Bernstein, Bernstein, & Garnier, 

1995). Thirdly, STEM professionals involved in these studies describe specific ways in which their 

avocations “stimulate their vocational successes” (p. 203) through improved observational and visual 

thinking skills, manipulative skills and tool use, and improved learning and retention strategies. Lastly, 

many of the above stimuli identified by these professionals improve STEM learning, as demonstrated in 

controlled classroom studies.  
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Though the above compilation by Root-Bernstein focuses on measurable success in STEM fields, 

he draws connection between creative ability and entrepreneurship and innovation. He focuses mainly on 

tangible learning methods, rather than abstract constructs of confidence and creativity. We see here, 

though, evidence of correlation between arts involvement and success in creative endeavors in a technical 

environment.  

Engineering Education and Creativity 

 Here, literature focused on the main aspects of integration of creativity in engineering education 

are summarized, including the ability to educate students in creative thinking and problem solving, the 

assessment of engineering creativity, student perception of engineering creativity, barriers to engineering 

creativity, and motivation for creativity in the engineering classroom.  

Teachable Skill 

Through a review of 70 studies on teaching creativity, Scott, Leritz, and Mumford (2004) suggest 

that creativity is, in fact, a teachable skill, rather than an inherent ability. They conclude that well 

designed workshops and training modules have been proven effective in developing creative thinking and 

problem-solving abilities, particularly when content and activities focus on the development of divergent 

thinking skills through realistic problems. This is supported by Cropley and Cropley’s (2010) work in an 

engineering context, where an increase in demonstrated innovation was seen in students who had 

participated in structured ‘creativity counselling’.  

More generally, we see that innovative behavior in engineering students can be increased if 

students are offered specific creative problem solving methodologies to follow (Baillie, 2002; Mitchell, 

1998), or provided with individual creativity assessments to expose weaknesses in creativity potential (D. 

H. Cropley & Cropley, 2000). It has generally been recognized that idea generation in engineering 

requires divergent thinking, as opposed to convergent thinking. Here, divergent thinking operates with 

multiple correct concepts and dimensions, and the focus of convergent thinking is finding a single correct 

solution (Zhou, 2012).  
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To promote divergent thinking, the literature advocates the use of approved design tools such as 

the Design Heuristics tool (Daly, Mosyjowski, & Seifert, 2014), the TRIZ-based creativity model 

(Mahboub, Portillo, Liu, & Chandraratna, 2004) as well as analogical thinking, brainstorming, mind 

mapping, morphological analysis, and idea checklists (Zhou, 2012).  

Byrge & Tang (2015) studied the effect of embodied creativity training on undergraduate 

management students’ creative self-efficacy and creative production. The training program involved 39 

hours of training over nine weeks and was conducted in five phases: (a) an introduction; (b) creativity 

fitness exercising; (c) a 20 hour workshop; (d) a national entrepreneurship festival; and (e) a theoretical 

reflection. Creative self- efficacy and creative production were measure pre and post creativity training, 

and found significant differences in both variables, with higher levels measured one month after the 

program finished. This supports the concept of successful creative intervention, particularly through 

embodied creativity training with short, action-oriented activities focused on exercise and practice.  

Creativity training and art. Some creativity training in focuses on the integration of creative 

arts activities in workshop or intensive program settings. The concept of embodied creativity training is 

popular among drama and role-playing interventions. Lin (2010) ran a series of drama lessons for sixth 

grade students, which were developed to involve pedagogical strategies that fostered qualities of 

possibility thinking. Findings showed that the students considered drama useful in developing certain 

creative abilities and qualities, such as imagination, independent thinking, and risk taking. Karakelle 

(2009) examined flexible and fluent thinking skills in 30 postgraduate students. 15 students then attended 

a 10-week creative drama course. Post-testing was then applied to both groups, finding that the creative 

drama process can help enhance both thinking skills in adults. Fluency and flexibility are known to be 

important aspects of divergent thinking (Basadur & Hausdorf, 1996). Role-play training in creativity has 

also been shown to be effective in developing fluency and originality in undergraduate education students 

(Karwowski & Soszynski, 2008). 



 

20 

 

In engineering education research, we often see a focus on the integration of visual or fine arts 

and engineering, particularly with a focus on aesthetic design (Cantero, Saorin, Melian, & Meier, 2015; 

Costantino et al., 2010; Peppler, 2013; Spuzic et al., 2016). Indeed, too often it seems that modern 

literature on the subject focuses on engineers and artists, rather than engineers as artists. Research often 

refers to the need to “bridge the gap” between arts and engineering, rather than viewing one as integral to 

the other (Hawley, 2003; Romano & Tampieri, 2016). It is noted that such interdisciplinary collaborations 

often yield positive results. One example is the introduction of an Innovative Learning Week at the 

University of Edinburgh (Gillie, Moore, Caron, & Mansfield-Williams, 2015). Here, students from 

engineering and art faculties were encouraged to work together to create a piece of engineering inspired 

art, in an attempt to encourage students from both faculties to be open to new ideas, broaden their 

horizons, and appreciate the skills and experience of other students. However, it was noted that the “home 

discipline” – art – seemed to dominate the thinking and output of the exercise. This brings into question 

the efficacy of merely introducing students from the two domains, and calls into question transfer of 

learning from one discipline to the other. There was no evidence that engineering students were actively 

participating in artistic activities, other than involving some aspect of engineering in the finished art 

pieces.  

The Institute of Applied Creativity for Transformation (IACT) and the School of Engineering at 

the University of Dayton developed an art-based instructional model for engineering creativity in design 

(LaDuca, Ausdenmoore, Katz-Buonincontro, Hallinan, & Marshall, 2017). The program supported twelve 

student interns from a mix of disciplines, including engineering, business, science, the arts, and 

humanities as they developed innovative technologies and services, meeting human-centered needs. 

LaDuca et. al reported student growth in creative problem-solving and transdisciplinary collaboration. We 

again see a focus on collaboration between disciplines rather than student engagement in interdisciplinary 

activity, developing multiple competencies within engineers themselves.  
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Focusing on engineering specifically, Baillie (2002) fostered creative thinking in PhD students by 

using abstract conceptualization in creative idea generation. Baillie used finger painting, allowing 

students to feel free to create completely abstract pieces. Researchers were then grouped and asked to 

give each piece a title, and the pieces were used to make connections between the areas of research of the 

PhD students and their artistic pieces. Several students left the workshop with new, useful directions for 

their work based on their artistic creative process and connections to their field of research. 

Assessing Creativity 

 If we aim to improve creative thinking skills in undergraduate engineers, we must be able to 

quantify success in this endeavor. Here, then, the assessment of creativity becomes prevalent. Cropley 

(2015) identifies that traditional methods of assessment, grounded in concrete right and wrong, are not 

effective to assess or promote creativity. Creative assessment, however, is a mire of uncertainty and 

stereotype.  

Charyton and Snelbecker (2007a) used various personality and temperament scales to measure 

general creative ability, including the Creative Personality Scale or CPS (designed by Gough in 1979). 

This scale is based largely on traditional stereotype regarding what constitutes creative tendencies or 

personalities (‘egotistical’ and ‘snobbish’ are identified as adjectives positively affiliated with a creative 

personality, for example, while people who describe themselves as ‘sincere’ are thought to be less 

creative (Gough, 1979)).  

The most well-known test of divergent thinking capability is the Torrance Test of Creative 

Thinking (TCCT), as discussed by Cropley (2000) in his review of creativity measurement tools. This test 

is based on divergent thinking ability, based on verbal and non-verbal thinking. The verbal activities score 

on three “mental characteristics”, as defined by Torrance (1999): fluency, flexibility, and originality. The 

nonverbal activities score on five mental characteristics: fluency, originality, elaboration, abstractness of 

titles, and resistance to premature closure. Figural tests can also be scored for 13 creative strengths, 

including storytelling articulateness, abstract application, technical application, and fantasy (Torrance, 
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1999). This test is commonly used in engineering education literature to measure creative abilities of 

students (Mahboub et al., 2004).  

In engineering creativity specifically, Charyton, Jagacinski, and Merrill (2008) developed the 

Creative Engineering Design Assessment (CEDA), in an attempt to fill a void in existing engineering 

creativity measures. They identify the Owens Creativity Test (Owens, 1960) and the Purdue Creativity 

Test (Lawshe & Harris, 1960) as the only other measures specifically designed to assess engineering 

creativity. Both tests, however, are quite old, and fail to incorporate the notion of usefulness that is so 

integral to the engineering profession (Charyton et al., 2008). In the CEDA, participants are asked to 

sketch designs incorporating one or more three-dimensional objects, list potential users, and perform 

problem finding as well as problem solving in response to specific functional goals. This is intended to be 

a measure of the competency of engineer’s creative process and creative product design.  

Student Attitude and Understanding 

 Student attitude and understanding of engineering creativity has been generally studied in the 

literature, most notably looking at the value undergraduate students and professors have for creativity in 

the educational environment. Marquis and Henderson (2015) found that instructors in engineering highly 

valued creativity in their fields, and generally felt that their department or school had the responsibility to 

develop students’ creative capacities as they related to their discipline. They did find, however, that some 

faculty members noted doubts about the relevance of creativity in engineering, notably that “‘Engineering 

is based on incremental improvements. Radical changes are dangerous to the public’s safety. Creativity – 

thinking outside the box – will generally lead to negligence’” (p. 156). 

Burkett, Kotru, Lusth, McCallum, and Dunlap (2014) state that engineering students value 

creativity regardless of their background or experience. However, Atman, Kilgore, and McKenna (2008) 

concluded that only 30% of upper year students valued creativity in engineering design, and that value for 

creativity seemed to decline as students progressed through their undergraduate engineering education. 

There have been some studies which suggest that student’s attitudes towards creativity affect their 
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motivation to engage in creative behavior (Basadur & Hausdorf, 1996; Kazerounian & Foley, 2007). The 

literature further notes that engineering students display attitudes representative of risk aversion and 

discomfort with ambiguity (Atman et al., 2008; Kazerounian & Foley, 2007). 

Toh and Miller (2016)recruited 38 undergraduate engineering students, studying their individual 

risk and ambiguity aversion. These students were later grouped into teams and asked to generate ideas to 

address a design goal, and finally participants individually assessed the ideas generated by their design 

teams. Scores were then calculated for each participant based on their ability to generate novel ideas, their 

propensity to select quality concepts, and their propensity to select novel concepts. They found that third 

year students with high tolerance for ambiguity were able to generate more novel ideas, while the 

opposite was true for first year students. Similarly, third year students who were more risk prone tended 

to select higher quality solutions. They found that, in general, creative ideas rarely progressed through the 

idea selection phase of the design projects. We see here the study of risk and ambiguity averse attitudes, 

and the impact they may have on creative output in engineering students.  

Charyton and Snelbecker (2007a) compared self-descriptive adjectives of engineers and 

musicians as potential indicators of creativity, using the Gough CPS described above. They found that 

there were more similarities than differences as regards gender and domain groupings, with both male and 

female engineers and musicians self-identifying as capable, humorous, intelligent, honest, and sincere. No 

groups highly considered themselves to be commonplace, conventional, interests-narrow, and submissive. 

Engineers, however, self-identified as individualistic and resourceful, while musicians were more likely 

to state that they were interests-wide and insightful. These adjectives are often used to assess creativity 

attributes and are attributed as being useful to compare domains without bias. They further found that 

male musicians selected the most adjectives positively associated with creativity, while male engineers 

selected the least (p = 0.01).  

Carpenter (2016) identified engineering students’ perceptions of creativity with respect to the 

engineering design process and compared perceptions of students who scored at extreme ends of the 
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CEDA (highlighted earlier in this chapter). He found that students who scored highly on the engineering 

creativity assessment believed that creativity was always important during engineering design, as it 

opened up more possibilities, ultimately bettering society as a whole. Low-scoring students, on the other 

hand, felt that creativity was important during design, but not always necessary, as engineers should not 

always try to reinvent the wheel. Creativity, they felt, is only valuable when coupled with logic and 

reason.  

Barriers to Creativity 

One of the largest barriers to creativity in the engineering classroom is, in fact, the absence of it. 

Cropley (2015) identifies a disparity between creativity and engineering, which, he states, is “most 

pronounced in engineering education” (p. 162). He hypothesizes that this disconnect is a result of 

institutional inertia and resistance to change, a trend toward overspecialization in engineering programs, 

and a lack of understanding of creativity and innovation by engineering faculty and administrators. In 

simpler terms, institutions are hesitant to implement new curricula for the development of creativity, and 

those involved may not understand the topic well enough to effectively change the system, even if they 

are interested in doing so.  

Indeed, the failure of education to address the need for creativity is highlighted in research and 

literature. Fasko (2001) reviewed practice throughout higher education in the United States, concluding 

that deliberate training in creativity was rare across all areas of focus. Daly, Mosyjowski, and Seifert 

(2014) documented current practices in engineering pedagogy with regard to opportunities for students’ 

creative growth. They examined learning goals, instructional methods, and assessments focused on 

cognitive creative skills, finding that instruction on generating ideas and openness to exploration of ideas 

was less prevalent than instruction on convergent thinking in the engineering classroom. They further 

indicated that, “aspects of creative skill development are often missing from even exemplary engineering 

courses” (p. 437). Cropley (2015) concludes that there is little support for creative students in engineering 

education in the United States.  
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Wilde (1993) goes so far as to conclude that engineering education inherently blocks creative 

potential in students. His study measured the Creativity Index (CI) computed from the Meyers-Briggs 

Type Indicators of participants in a creativity workshop implemented by the American Society for 

Engineering Education, finding that the mean CI of participants increased after the workshop. He 

attributed these changes not to a change in personality type (since personality is generally thought to be 

immutable under ordinary circumstances), but to the unmasking of the creative traits of participants’ true 

personality type that had been suppressed by their engineering education.  

We see, then, that engineering education provides limited or ineffective training in creativity and 

creative problem solving, perhaps even having a detrimental impact on the creative ability of engineering 

students. 

Even when the opportunity is available, there remain barriers that hinder the development of 

creative potential in engineering students. Pseudo-expertise was identified by Cropley (2015) as a 

potential barrier to creativity in engineering. He highlights that declarative knowledge is easier to teach 

and measure, but asks if it is “the right knowledge that students need to be successful, creative 

engineers?” (p. 164). Students develop a sense that their problem-solving skills are improved through 

factual knowledge, although in reality this knowledge is usually only applicable to well-defined and 

specific problems. Cropley also elaborates on the issue of overspecialization and the tendency of an 

engineering degree to focus on detailed technical expertise, again leaving little room for creativity. Thus 

we see that, although available, creative training strategies are generally not implemented in engineering 

programs.  

Kazerounian and Foley (2007) developed 10 Maxims of Creativity in Education to study barriers 

to creativity in engineering education. They propose that these maxims constitute an educational 

environment conducive to fostering creativity in students. The maxims identified are defined and 

described in Table 4. 
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Table 4  

Kazerounian and Foley's (2007) 10 maxims of creativity in education. 

Maxim Description 

Keep an open mind Seeing things in a new light; pushing students to understand that the 

best answer may be something unexpected. 

Ambiguity is good The uncomfortable period between getting the question and the answer 

should be tolerated, as it allows for more thought and knowledge on a 

topic. A set answer or process should be avoided. 

Iterative process that includes 

idea incubation 

Time must be allowed for the creative process, including the 

‘incubation time’ necessary to encourage unconscious thought. 

Reward creativity Creativity can be encouraged by direct reward, similar to positive 

reinforcement. 

Lead by example Examples and stories of creative successes can inspire students to 

develop their own creativity. 

Learning to fail Students can be practically encouraged to develop innovative 

tendencies by allowing failure; mistakes can lead to deeper 

understanding and innovation. 

Encouraging risk Creative solutions can be encouraged by giving constructive critiques 

of risky projects; comfort with risk taking in creative individuals is 

common. 

Search for multiple answers Encouraged with brainstorming techniques and offering alternate 

solutions to problems, even after students reach a ‘correct’ answer. 

Internal motivation Internally motivated students are more creative students; making 

topics relatable and exciting for students encourages interest and 

curiosity. 

Ownership of learning Control of the learning process encourages creativity, which can range 

from project selection to individual curriculum development.  

.  

Kazerounian and Foley used these maxims to investigate the perceptions of university professors 

and students in humanities, sciences and engineering, revealing a large discrepancy between the 

perceptions of engineering students and their professors. They found that “the current engineering student 

experiences almost none of these criteria as a part of their academic experience” (p. 767), and feel that 

their educational experience lacks the element of creativity.  

The value of this study lies is in the maxims themselves, compiled by Kazerounian and Foley 

through research, their own experiences, and interviews with innovators, designers, and engineers. There 

is no information or data presented on the interview participants themselves, and thus the research and 

maxims may be skewed, biased, or misrepresent the field of engineering. However, this research and 

compilation of other consistent factors allows further analysis within the realm of engineering education, 
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and highlights that the areas of intrinsic motivation and confidence are key for students in engineering, in 

terms of barriers to creative thinking and creative problem solving.  

Cropley and Cropley (2005) identify important characteristics that engineers must possess to 

successfully engage in divergent thinking processes, including openness, flexibility, nonconformity, 

willingness to take risks, tolerance of ambiguity, and self-efficacy. These characteristics are similar to the 

10 Maxims of Creativity defined by Kazerounian and Foley above, and highlight areas of student 

perception and attitude which must be developed to successfully engage students in creative thinking.  

Several of these identified barriers involve internal factors, notably open mindedness, ambiguity, 

risk, and failure tolerance, and internal motivation.  

Motivation for Engineering Creativity 

Motivation, indeed, is a key component in creativity research in engineering education. This work 

hinges on the fact that, for students to successfully engage in engineering creativity, they first must be 

motivated to do so. Motivation literature focuses on many key theories and concepts, some notable 

examples of which are outlined in the following Theoretical Frameworks section. Here, overarching 

literature regarding motivation for engineering creativity is reviewed. 

Prabhu, Sutton, & Sauser (2008) examined management students at the undergraduate level, and  

found that self-efficacy was closely related to creativity, with intrinsic motivation completely mediating 

this relationship. Extrinsic motivation, however, had a negative association with creativity. It is noted that 

both self-efficacy and motivation styles were examined in a general context, although experts in these 

areas contend that they should be examined in a task-specific nature (Amabile, 1996; A Bandura & 

Bandura, 2006). Karwowski (2014) found that creative self-efficacy and creative personal identity 

measured together were a stronger predictor of creative output.  

Kreitler and Casakin (2009) studied motivation in design students, measuring motivation through 

beliefs about goals, norms, oneself and reality, and comparing to creative output, measured using a design 

task and the Cognitive Orientation of Creativity (COQ-CR) survey. They concluded that the self was 
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most important for creative motivation, measured through constructs such as inner world, self-

development, and demanding from oneself. Openness to the environment without compromising inner 

directedness was found to be a secondary motivational characteristic. They then further analyzed 

creativity in architectural design and engineering design students (Casakin & Kreitler, 2010), finding that 

architecture students had more instances of “self-motivation”, with a focus on their inner world, inner 

directedness, and self-development. Engineering design students, on the other hand, were more prone to 

“environmental motivation”, while being demanding of themselves despite difficulties. This reflects the 

lack of internal motivational characteristics in engineering students, identified by Cropley (2015) and 

Kazerounian and Foley (2007).  

 Motivation for imagination in engineering and science majors was studied by Liang, Zenasni, 

Liu, and Liang (2017). They concluded that imaginative capabilities were highest when students had high 

intrinsic motivation, and imagination stimulating learning resources (instructional materials and activities) 

and human aggregates (organizational culture and characteristics). The major difference between subject 

groups was the moderating effect of intrinsic motivation, namely that engineering students who did not 

have access to stimulating learning resources or human aggregates remained imaginatively stimulated 

when their intrinsic motivation remained high. Imagination is not directly related to creative output or 

motivation in this study, but is often cited as a component of creative individuals (Treffinger et al., 2002).  

 The innovation self-efficacy of engineers was recently examined by Carberry, Gerber, and Martin 

(2018), who developed an instrument based on the self-efficacy theory of motivation. The instrument 

consisted of nine clusters of items, including creativity, exploration, iteration, implementation, 

communication, resourcefulness, synthesis, and vision. An exploratory factor analysis revealed fair to 

good levels of internal reliability, with Cronbach’s alpha values ranging from 0.74 to 0.86. Although no 

analysis was reported on results of the instrument, Carberry et. al specify that understanding how 

individuals gain confidence in their abilities to innovate is important to understand how these factors of 

innovation can attract less willing innovators to explore innovative opportunity.  
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Wesley (2016) continued his analysis of student perception of creativity in engineering design by 

comparing high-scoring and low-scoring students on the Creative Engineering Design Assessment. He 

found that students who demonstrated high levels of engineering creativity were confident in their 

creative abilities, with a genuine interest in creative endeavors and understanding how things work. Those 

who scored low, however, lacked creative confidence and preferred systematic problem-solving methods. 

This reflects the strong influence of individual perception of creative ability on motivation and ability to 

engage in creative thinking or pursing creative tasks.  

Theoretical Frameworks  

 Given the connection between intrinsic motivation and creativity present in the literature, the 

investigation of internal motivation of students for engineering creativity was deemed a valuable addition 

to the developing engineering education field. The theoretical framework developed for this work is based 

on several notable theories of motivation, namely self-determination theory, self-efficacy theory, and 

goal-orientation theory. Each is outlined in brief below, before a description of how they were 

incorporated into the internal motivational framework used for this study.  

Self-Determination Theory 

 Self-determination theory is a popular theory of motivation, developed by Deci and Ryan (2008). 

Most notably, this theory posits that motivation varies not only in magnitude, but also in type and 

orientation. They identify a range of motivations, from complete lack thereof (or amotivation), to self-

fulfilling intrinsic motivation. Extrinsic motivation acts as a sort of bridge to internalization and 

integration of motivational tendencies.  

These three main motivational types all encompass certain regulatory styles. Intrinsic motivation 

is entirely internal, emerging from pure interest, curiosity, and enjoyment. Amotivation is impersonal, 

resulting in non-action or apathetic action. Extrinsic motivation encompasses four regulatory styles: (a) 

external regulation, where actions are motivated purely through external reward or punishment; (b) 

introjected regulation, where to individuals act to avoid guilt or to enhance self-esteem; (c) identified 
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regulation, where external pressure has become a personally important goal, but it is valued because it is 

useful rather than inherently desirable; and (d) integrated regulation, where external values and goals have 

become assimilated into one’s self-image. Cognitive evaluation theory is a sub-theory of self-

determination theory and proposes that fulfillment of three basic psychosocial needs will foster intrinsic 

motivation: (a) autonomy; (b) competence; and (c) relatedness. This theory is visualized and outlined in 

Figure 3 below.  

 

Figure 3. Deci and Ryan's self-determination theory, as seen in Cook and Artino (2016).  

Social Cognitive and Self-Efficacy Theory 

 Social cognitive theory is, at its most general, a theory of learning, proposing that people learn 

through reciprocal interactions with their environment and through observations of others. This is 

extended into motivational frameworks by emphasizing that cognition governs the interpretation of 
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environment and self-regulation of thoughts, feelings, and actions – humans do not respond involuntarily 

to reward and punishment (Cook & Artino, 2016; Schunk, 1991). Albert Bandura is often referred to as 

the father of social cognitive theory and theorized that human performance results from interactions 

between three factors: personal, behavioral, and environmental. He extends this theory, postulating that, 

whether people choose to pursue their own goals or not is based largely on beliefs about their own 

capabilities, values, and interests (Albert Bandura, 1983). This forms the basis of the self-efficacy theory 

of motivation. 

 Self-efficacy is defined as “people’s beliefs about their capabilities to produce designated levels 

of performance that exercise influence over events that affect their lives” (Bandura, 1994, p. 71). In this 

theory, the more confidence that an individual has that an act they undertake will be successful, the more 

likely they are to engage in that act. Translating this to the context of engineering education, the higher 

students’ engineering creativity self-efficacy beliefs, the more likely those students will engage in 

engineering creativity. Self-efficacy is domain, task, and context specific, making the study of 

engineering creativity specifically an important one. Several factors can influence self-efficacy, outlined 

in Figure 4 below. These factors include past experiences, aptitudes and social supports. During and after 

the task at hand, learner’s self- efficacy beliefs can be shaped by several sources, most notably the 

concept of success and failure.  

  For this work, the development of pre-task self-efficacy through varied domains is investigated. 

Does mastery experience in the realm of creation in art successfully increase self-efficacy beliefs in 

engineering creation? Perhaps what we postulate here is a recategorization of domains – rather than 

subject specific, to action specific; a “creating” domain, if you like. 
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Figure 4. Schunk's (1991) model of motivated learning, incorporating concepts of Bandura’s (1983) self-

efficacy theory, as seen in Cook and Artino (2016). 

Creative confidence. Tom and David Kelley (2013; 2012) of Stanford University’s Hasso-

Plattner Institute of Design,  or “d-school” informally, expand Bandura’s motivational theory to 

creativity, highlighting the existence of “creative confidence” – the belief in one’s ability to be 

successfully creative and the courage to do so. They posit that there are four fears which hinder the 

creative confidence (or self-efficacy) of an individual: (i) fear of the messy unknown; (ii) fear of being 
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judged; (iii) fear of the first step; and (iv) fear of losing control. These fears are described in Table 5 

below.  

Table 5  

Kelley and Kelley's (2012, 2013) four fears that hinder creative self-efficacy. 

Fear Description 

Fear of the messy unknown Comfort and complacency with routine and familiar situations and 

problems, fear of problems that are not familiar or which don’t have a 

set solution. Described in business as the need to venture out and 

interact with users and customers. 

Fear of being judged Self-editing or killing creative ideas due to depth of caring about 

other’s perceptions. Sticking to safe solutions, judging your own 

contributions harshly. 

Fear of the first step Overwhelm at the idea of breaking new ground or making decisions to 

begin project phases. 

Fear of losing control Lack of humility in team environments; fear of breaking out of project 

planning or unpredictable workflow. 

 

They connect these fears to the early work of Albert Bandura (1983), who helped people conquer 

phobias (snakes, for example) by guiding them through a series of increasingly demanding interactions. 

Bandura refers to this process as “guided mastery”. Individuals were not only cured of their 

ophidiophobia, but had less anxiety and more success across domains, taking up new and potentially 

frightening activities like public speaking. The development of this sense of mastery allowed individuals 

to persevere and show resilience in the face of failure.  

The fears which hinder creativity, posit Kelley and Kelley, can be overcome in much the same 

way – through incremental exposure and guided mastery. Once these four fears have been overcome, an 

individual can successfully access their creative potential. 

Creative identity. Karwowski (2016) identifies creative self-efficacy as an important part of an 

individual’s creative self-concept. The other integral feature is creative personal identity, which is 

understood to mean the perception of creativity as an important part of the self. Karwowski further 

identifies that creative self-concept variables are reciprocally related to creative activity and achievement, 

as well as reciprocally related to each other. That is to say, creative self-efficacy will influence creative 
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personal identity, and vice versa (although to a lesser extent) (Karwowski & Lebuda, 2016). Tierney and 

Farmer (2011), in fact, conducted research in organizational settings showing that an increase in creative 

personal identity translated into higher creative self-efficacy. The creative personal identity of individuals 

is thus speculated to be involved with internal motivational characteristics. 

Goal Orientation Theory 

 Dweck and Leggett (1988) take the concept of “mastery” in another direction, bringing forth 

implicit theories of intelligence and learning. They suggest that there are performance goals (where the 

primary concern is to obtain some achievement, to do better than others), and mastery goals (where the 

focus is on the intrinsic value of learning). They further posit that these two orientations reflect learners’ 

underlying mindsets regarding their ability to learn.  

 In the context of creativity, learners with a fixed or “entity” mindset, believe that their creativity 

is a fixed trait, which cannot be changed. Since their creative ability cannot be developed or modified, 

challenging creative tasks and poor performance are taken as indications of low ability, causing 

individuals to disengage. Those with a fixed mindset magnify failure and forget success, give up quickly, 

and adopt defensive or self-sabotaging behavior (Cook & Artino, 2016). 

 Contrastingly, those with a mastery goal orientation (a growth or “incremental” mindset) believe 

that their creativity can increase through learning. This leads individuals to seek challenge and learning 

opportunities with which to develop their ability. Even learners with low creative self-efficacy will 

choose challenging creative tasks, since they believe this will lead to the growth of their creative capacity. 

This theory is visualized in Figure 5 below. 
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Figure 5. Dweck's goal orientation theory, as seen in Cook and Artino (2016). 

Internal Motivational Framework 

 For this work, the overarching premise of internal or intrinsic motivation from Deci and Ryan’s 

(2008) self-determination theory was used to investigate motivation for engineering creativity. 

Components which were determined from the literature to be indicative of intrinsic motivation were then 

selected as indicators. From the above summary, intrinsic motivation indicators were taken to be the 

following: (a) creative self-efficacy; (b) creative personal identity; (c) creative growth or fixed mindset; 

and (d) tolerance of fears that inhibit creative self-efficacy. 

The presence of high levels of all four indicators would show high internal motivation for 

engineering creativity in participants. Low levels of the indicator variables, conversely, indicates low 
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internal motivation for engineering creativity. Mixed responses, similarly, indicate middling or mixed 

internal motivation.  To simplify this motivational model, high levels of more than two factors must be 

present to successfully indicate internal motivation. Measurement of external factors was outside the 

scope of investigation, but discussion of externally motivating factors was included in the qualitative 

portion of the study.  
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Chapter 3 

Research Methodology and Methods 

 This chapter outlines the research questions, the rationale for the research design, the sampling 

design and sample, and the methods used to develop and pilot the survey instrument. An autobiographical 

statement is also included.  

Research Questions 

 The purpose of this work was to contribute to current understanding of creative motivation in 

engineering education and explore student’s perceptions of creativity and their own creative development. 

The following research questions were formulated to guide investigation into this area: 

1. What is students’ internal motivation to engage in engineering creativity as defined by their 

creative self-identity, self-efficacy, growth mindset, and tolerance of fears hindering creativity? 

2. What are students’ attitudes towards and understanding of creativity in engineering and in art? 

Sub-questions were developed for each research question. The associated sub-questions for Question #1 

were: 

a) Are there differences in internal motivation for engineering creativity based on gender, year of 

study, engineering discipline, and involvement in the creative and performing arts? 

b) Are there differences in internal motivation for engineering creativity based on frequency, 

predominant activity, duration of arts involvement, or performance experience?  

The associated sub-questions for Question #2 were:  

c) What are the barriers to creativity in engineering education as perceived by students?  

d) What value do students perceive that arts involvement has on their own creative self-

development? 

e) How does engagement in the arts help student confidence to think creatively? 

 



 

38 

 

The above research questions call for a mixed methods approach, addressing both the quantitative 

differences of motivational elements by grouping variables, and qualitative exploration of the attitudes 

and understanding of students’ creative development. 

Research Methodology 

 Plano Clark and Creswell (2015) highlight mixed methods research as useful to “combine the 

strengths of quantitative and qualitative data” (p. 385). This combination allows for a more complete 

picture of the phenomena studied, including both investigation of trends and individual experience. This 

was paramount in this study, which called for investigation of large scale trends and individual perception 

of ability and understanding. Mixed methods are also emphasized by Plano Clark and Creswell (2015) in 

order to answer two separate research questions.  In this research, two questions are asked: one with a 

quantitative focus (Question 1) and one with a qualitative focus (Question 2). Question 1 calls for 

description of trends in internal motivational factors in undergraduate engineering students, while 

Question 2 calls for in-depth perspectives and a complex picture of engineering creativity. Mixed 

methods allow an investigation into both questions, without sacrificing depth for breadth or vice versa.  

Studies involving mixed methods differ based on three characteristics summarizing the ways in 

which the quantitative and qualitative components of the study are related: (a) timing; (b) priority; and (c) 

mixing. Timing refers to when qualitative and quantitative components are implemented, priority refers to 

the comparative importance of those components, and mixing refers to the way in which results and data 

from both components are combined or interrelated  (Plano Clark & Creswell, 2015).  For this study, a 

convergent parallel mixed methods design (QUANT + QUAL) was deemed most appropriate. In this 

methodology, both quantitative and qualitative data sets are collected concurrently, data is analyzed 

separately yielding two equally important results, and then interpretation and comparison of both results 

is used to develop valid and complete conclusions (Plano Clark & Creswell, 2015).  

Using a mixed methods research design allowed for the collection and investigation of a large 

amount of data from a variety of different sources. This resulted in both a broad understanding of trends 
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in students’ internal motivation for engineering creativity and possible transfer of creative mindset and 

attitude, and in-depth and detailed exploration of attitudes and self-concepts regarding students’ creative 

self-concept and creative development.  

Quantitative Methodology 

 Ex post facto research is characterized by the retrospective examination of data to establish 

relationships or associations with dependent variables (Cohen & Manion, 2000). This methodology was 

called for in research Question 1 – determining the effect of various independent variables on different 

internal motivational constructs. This research occurred after the independent variables had been 

previously determined by participants (i.e. gender, year of study, engineering discipline, arts involvement 

had already been determined) and could not be controlled.   

Population. The population of interest for this study was current undergraduate engineering 

students enrolled in accredited engineering programs at Canadian universities. This included all 

disciplines and years of engineering study. According to Engineers Canada, there are 43 universities with 

accredited engineering programs (Engineers Canada, 2017). All of these programs graduate engineering 

students who may, one day, be required to showcase creative thinking and problem-solving skills in the 

workplace. Thus, this population of interest was selected to understand the current climate of internal 

creative motivation in undergraduate engineering students in Canada.  

Qualitative Methodology 

 A phenomenological methodology was selected for the qualitative portion of the research study. 

Phenomonology was deemed appropriate, as research Question 2 focuses on the understanding of the 

common attitudes and experiences of a group of individuals -  here, the attitudes and understanding of 

artistically involved undergraduate engineering students toward engineering creativity. Creswell (2013) 

states the purpose of phenomenological research is to “reduce individual experiences with a phenomenon 

to a description of the universal essence” (p. 76). This guided the design of the interview protocol and 

open-ended survey questions and the analysis and interpretation of the resultant data.  
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 Phenomenology is underpinned by many philosophical assumptions which necessarily must be 

discussed before embarking on such a research design. The most important of these are the necessity to 

“suspend judgements about what is real” until they have been verified or found solid footing (Creswell, 

2013, p. 77). This draws into question the issue of inherently existent reality, and the concept of the 

intentionality of consciousness. In this theory, the reality of an object or experience is always inextricably 

linked with the perception of the individual, or their consciousness. German mathematician Edmund 

Husserl thus posits that there is no concrete division between subject and object, but rather that in reality 

things exist divided only into the “dual Cartesian nature of both subjects and objects as they appear in 

consciousness” (Creswell, 2013, p. 77). Thusly, the reality of an object or experience can only be 

perceived within the meaning of the experience of an individual. We see similarities here and with social 

constructivist theory, which postulates that human knowledge and understanding are not objectively real, 

but rather develop subjective meaning through personal experience and socialization (Adams, 2006; 

Brown, McLean, & McMillan, 2018). This proves particularly useful for this study, in examining student 

perception of creative development. To fully describe such phenomena my own experiences as an 

investigator must be set aside. To aid in the ‘bracketing out’ of my own experiences, I have penned the 

autobiographical statement below, acknowledging my background with engineering, creativity, and the 

arts. 

Autobiographical statement. I have been an active participant in theatre and theatre arts since 

the age of eight and spent many evenings in my youth and adulthood stowed away on a dark set, 

preparing for my next show or performance. I have acted, directed, designed lights, sets, and soundscapes 

and operated sound and lighting for over 40 productions in the last 16 years, and consider theatre to be an 

integral part of my life. I was first exposed to drama through a mother’s frustration; I had tried skating, 

soccer, gymnastics, and a myriad of other sports to no avail. Drama was the only thing I stuck with over 

the years. Through my teenage years and early adulthood, I taught acting to children, often writing scripts 
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and plays for their final performances. I also sing in musical theatre pieces and choir and played piano 

and violin for many years.  

 My foray into engineering was almost by accident. I was determined through my youth to study 

English literature or drama, considering myself to be of a more artistic bent. I had always been a strong 

student and was encouraged to take math and science courses throughout highschool. My introduction to 

engineering came in my grade twelve physics class, when I realized I was drawn to complex problem 

solving. My teacher at that time was once an engineer and encouraged me to consider the program. One 

thing led to another, and I soon found myself starting a general first year at Queen’s University in 

Engineering and Applied Science.  

 I entered the program with a love for abstract physics. It was strange, beautiful, and challenging. I 

began the second year of my studies in the Engineering Physics program, focusing in materials science. 

Quickly it became apparent that my favourite courses were, in fact, all applied engineering courses – solid 

mechanics, materials science, and fluid dynamics. I loved seeing the application of complex science and 

math to solve real-world problems. The physics, while still beautiful, was no longer as practical, and I 

transferred into mechanical engineering for the remainder of my degree.   

 As I moved through the program, I found myself disappointed with the encouragement for design 

and creativity. I sought out electives, enrolling in multidisciplinary design courses where possible. I 

remained involved in theatre and music through my undergraduate degree, filling the “creativity void” in 

my undergraduate engineering program. With a longstanding interest in humanities, I chose to enroll in 

English and Religion courses as electives in my engineering program – another attempt to fill out a 

narrowly focused degree.  

 In the summer following my third year of undergraduate engineering, I worked with my current 

Master’s supervisor developing curriculum for third and fourth year multidisciplinary engineering design 

courses. I had never considered the educational strategy and research behind the courses I was enrolled in. 
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It was largely through my experience in that summer that I chose to pursue my Master’s degree in 

engineering education.  

 During the two years of my graduate degree, I acted as a teaching assistant for second, third, and 

fourth year design courses. Not only do I love interacting with and teaching students, but I am continually 

fascinated by educational psychology and research. These courses were created, coordinated, and 

developed by my research supervisor. My heavy involvement in the courses lead me to be slightly 

disillusioned with the creativity experience of the average student. I often found that students were 

unmotivated to actively engage in creativity in their design projects, instead focusing on conventional, 

tried and tested solutions. However, some students were actively involved in creativity in every aspect of 

their design work; it was truly a pleasure to watch. Why then, were some students so unwilling to engage 

in creativity in the same environment that other students were thriving creatively?  I thus chose to design 

my study to investigate the internal motivational landscape of the engineering student, focusing on 

creative self-efficacy. The combination with creative arts activities and involvement is supported in the 

literature; however, its inclusion in the study stems from my own heavy involvement in the arts and 

humanities. This has certainly influenced my own perceptions and attitudes towards these phenomena.  

Ethical Clearance 

 Ethical clearance for the study was granted by the Queen’s University General Research Ethics 

Board (GREB) prior to data collection at Queen’s University. Other participating institutions were then 

contacted, and ethical clearance was granted by the research ethics boards at each institution prior to data 

collection there. If necessary, clearance was also obtained from other advisory and regulatory boards or 

individuals prior to data collection. Queen’s University GREB approval documentation is included in 

Appendix A.  
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Methods 

 In this section the sampling methods for institutions and participants are outlined for the national 

study. This section also reviews the design and pilot study of the survey instrument and culminates in the 

data collection methods for the national study. 

Sample 

 Since the study was implemented nationally, sampling was done in two stages. First, Canadian 

engineering institutions at which the study was to be distributed were sampled. Secondly, students within 

the selected engineering institutions were sampled.  

Sampling of institutions. The sampling method used for participating institutions was a 

combination of convenience and stratified sampling. Nine Canadian engineering institutions were 

selected, representing 20.9% of all engineering institutions in Canada. This was also deemed an 

appropriate number of institutions to manage in the timeline of the study.  

 Proportional stratified sampling was used for geographic location of the institutions. There are 

five classically defined regions in Canada: (a) The Atlantic Provinces; (b) Central Canada; (c) The Prairie 

Provinces; (d) The West Coast; and (e) The Northern Territories (Immigration, Refugees and Citizenship 

Canada, 2012). There are currently no accredited engineering programs in The Northern Territories, so 

that region was removed for the purposes of this study. Thus, population size of four regions in Canada 

were considered when selecting Canadian engineering institutions. The summary of Canadian population 

as of April 1st, 2018 is shown by region is shown in Table 6. 

Table 6  

Canadian regions and respective populations for proportional stratified sampling by geographic 

location. 

Region Population Estimate  

(Statistics Canada, 2018) 

Percentage of Population 

Estimate for Regions 

1) The Atlantic Provinces 2,398,713 6.5 

2) Central Canada 22,829,486 61.8 
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Region Population Estimate  

(Statistics Canada, 2018) 

Percentage of Population 

Estimate for Regions 

3) The Prairie Provinces 6,854,074 18.5 

4) The West Coast 4,862,610 13.2 

 

 Convenience sampling was also used for institution selection. Accredited institutions with faculty 

or staff members who had previously expressed interest in participation in the study were selected. Due to 

this convenience sampling, selected institutions were not perfectly proportionally stratified by geographic 

location. The final sample included 1 institution from Region 1, 5 institutions from Region 2, 1 institution 

from Region 3, and 2 institutions from Region 4.  

Sampling of participants at selected institutions. Due to the two-phase nature of the research 

design, two sampling strategies were applied: stratified sampling for the quantitative portion of the 

research, and a combination of criterion and maximum variation sampling for the qualitative portion. 

Quantitative sampling. To sample students at each institution, stratified sampling was used. 

Engineering disciplines were categorized into five groups: (a) Electrical-based, including electrical, 

computer, and software engineering; (b) Mechanical-Based, including mechanical, industrial, and 

aerospace engineering; (c) Chemical and Science-based, including chemical, materials, biomedical, and 

geological engineering, engineering physics and chemistry, and mathematics and engineering; (d) Civil-

Based, including civil, building, and environmental engineering; and (e) Other, including general first 

year programs and unspecified discipline. Chemical engineering was included with science-based 

disciplines to improve consistency of group size for analysis. Engineering discipline was sampled non-

proportionally. Proportional stratified sampling was used for gender and year of study.  

Demographics of the quantitative sample. The final sample size for the quantitative phase of the 

national study was 269 students, slightly less than 1% of the sample. The sample grouped by independent 

variables is seen in Table 7. The Ontario Network of Women in Engineering report that, as of 2015, 20% 

of engineering students in Canada were female (Ontario Network of Women in Engineering, 2016). This 
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sample includes significantly more females than the general engineering student population in Canada 

(𝜒2 = 86.86, 𝑝 < .0001). Participants who identified neither as male or female were not included in 

analysis by gender, due to small sample size. Problem Solving Preference responses were grouped into 

three categories: (a) Closed-Ended Problems (0-3); (b) Neutral (4-6); and (c) Open-Ended Problems (7-

10). Confidence in Engineering Creativity was grouped in much the same way: (a) Low (0-3); (b) 

Moderate (4-6); (c) High (7-10). This was done to reflect the general attitudes of students. Note that there 

were 10 missing responses from the Problem-Solving Preference variable, and 6 missing from the 

Confidence in Engineering Creativity variable. 

Table 7  

Demographic statistics for the national quantitative sample. 

Independent Variable Group n % 

Gender Female 115 42.8 

 Male 151 56.1 

 Other 3 1.1 

Year of Study 1 68 25.3 

 2 64 23.8 

 3 56 20.8 

 4+ 68 25.3 

Engineering Discipline Electrical-Based 85 31.6 

 Mechanical-Based 65 24.2 

 Chemical and Science-Based 37 13.7 

 Civil-Based 37 13.7 

 Other 45 16.7 

Problem Solving Preference Closed-Ended Problems 80 30.9 

 Neutral 51 19.7 

 Open-Ended Problems 128 49.4 

Confidence in Engineering Creativity Low 32 12.2 

 Moderate 85 32.3 

 High 146 55.5 

 

Further grouping of participants by independent creative arts variables was completed, shown in 

Table 8. Arts Involvement Frequency highlights the number of times per week students have been or are 

currently involved in arts activities, with Low being 1-4 times/week and High being 5+ times/week. Arts 

Involvement Duration reflects the number of years participants have been involved in arts activities 
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through their lives, while Predominant Activities are highlighted by highest frequency of activity 

involvement based on age (child, teen, adult). The Performance Experience variable groups participants 

into students who have never been involved in arts, who were involved in arts but did not perform or 

exhibit their work as part of their involvement, and students who performed or exhibited work while 

involved in the arts.  

Table 8  

Creative arts statistics for the national quantitative sample. 

Independent Variable Group n % 

Arts Involvement Frequency None 67 24.9 

 Low 49 18.2 

 High 153 56.9 

Arts Involvement Duration None 66 24.5 

 1-5 years 41 15.2 

 6-10 years 62 23.0 

 11-15 years 43 16.0 

 16+ years 57 21.2 

Predominant Childhood Activity None 103 38.3 

 Singing-Music 68 25.3 

 Drama-Dance 37 13.8 

 Visual Art-Photography 39 14.5 

 Other 22 8.2 

Predominant Teenage Activity None 91 33.8 

 Singing-Music 74 27.5 

 Drama-Dance 34 12.6 

 Visual Art-Photography 48 17.8 

 Other 22 8.2 

Predominant Adult Activity None 123 45.7 

 Singing-Music 54 20.1 

 Drama-Dance 16 5.9 

 Visual Art-Photography 49 18.2 

 Other 27 10.0 

Performance Experience None 68 25.3 

 Participated but did not 

perform 

44 16.4 

 Performed 157 58.4 

 

Qualitative sampling. Criterion sampling was used for most of the interview participant selection. 

All students interviewed had experiences with creative arts activities outside of their engineering 
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education. The intensity, duration, and achievement level of that arts involvement or interest was not used 

to select interview participants, leading to a wider range of experiences and attitudes in the selected 

participants. Maximum variation sampling was applied to select students of varying year of study, 

engineering discipline, and geographic location. This was useful in focusing solely on the phenomena of 

interest but was dependent upon students who volunteered for the interview phase of the research and 

were available to participate.  A $15.00 gift card was offered to participants in recognition of their time. 

Ninety-nine students volunteered for the interview phase of the research, and from these 35 students were 

contacted for interviews. A response rate of 60% was achieved for interview participants, resulting in 21 

interviews conducted.  

Demographics of the qualitative sample. A total of 21 interviews were conducted with 

participants in the qualitative phase of the research. Creswell (2013) suggests data collection from 

between 5 and 25 participants for phenomenological research. A large sample size was included here in 

an attempt to properly represent a nationally diverse group of individuals. A summary of demographic 

information for the qualitative sample is seen in Table 9. 

Table 9  

Demographic statistics for the national qualitative sample. 

Independent Variable Group n % 

Gender Female 11 53.4 

 Male 10 47.6 

 Other 0 0 

Year of Study 1 4 19.0 

 2 7 33.3 

 3 6 28.6 

 4+ 4 19.0 

Engineering Discipline Electrical-Based 4 19.0 

 Mechanical-Based 7 33.3 

 Chemical and Science-Based 3 14.3 

 Civil-Based 5 23.8 

 Other 2 9.5 
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Instrument Design 

 The initial survey instrument was based on three existing scales to measure elements of the 

conceptual frameworks: (a) creative self; (b) creative mindset; and (c) ambiguity tolerance. These scales 

had reported internal consistencies of: (a) α = 0.81 and α = 0.90 for creative self-efficacy and self-identity 

respectively; (b) α = 0.76 and α = 0.65 for fixed and growth mindset respectively; and (c) α = 0.83 for 

ambiguity tolerance. Items measuring the three other fears outlined by Kelley and Kelley  (2012, 2013) 

were created. All questions on the existing scales were used for the initial pilot study, with some 

modification for the engineering context. The initial survey contained demographic questions, a creative 

and performing arts inventory, 1 open-ended question, and 48 close-ended Likert style questions to 

measure creative confidence predictors as follows: (a) creative self (10 items); (b) creative mindset (10 

items); and (c) tolerance of fears that hinder creative confidence (28 items).  

 All closed-ended items were measured on a 7-point Likert style scale. The scale rated levels of 

agreement with each item, ranging from Strongly Disagree to Strongly Agree. The use of the 7-point scale 

is intended to combat participant aversion to feeling like an “extremist” and avoiding high and low rated 

responses, sometimes reported with the use of the traditional 5-point scale (Cohen & Manion, 2000). This 

also allows for indication of small deviation from neutral to increase response variance, with higher 

reliability and validity than scales with fewer points (Alwin & Krosnick, 1991).  

 Initial survey items regarding creative self-efficacy and creative personal identity were modified 

from Karwowski, Lebuda, Wisniewska and Gralewski’s Short Scale of Creative Self (2013). The items 

pertaining to creative self-efficacy were modified to related to an engineering context. The modifications 

were made to reflect the creative thinking skills required in engineering course work, which students often 

associate with design activities (Waller, 2016). Thus, commonly used engineering design terminology 

was used for modifications to reflect the context with which students are most familiar with engineering 

creativity. Creative personal identity items were left unmodified to reflect students’ general creative 
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identity, rather than in an engineering context. The original survey questions and alterations to suit an 

academic engineering creativity context are seen in Table 10.  

Table 10  

Survey items from Karwowski et al. (2013), with rationale for alteration and final survey question used in 

the pilot study.  

Intended 

Construct 

Short Scale of Creative 

Self  

(Karwowski et al., 2013) 

Rationale for Alteration Initial Survey Question 

Creativity 

Self-

Efficacy 

I know I can efficiently 

solve even complicated 

problems. 

- “Problems” altered 

to reflect engineering 

problems students 

commonly associate 

with creativity 

(Waller, 2016) 

- “I know” removed to 

prevent flooring 

effect (Allen, 2017) 

I can efficiently solve even 

complicated open-ended 

engineering problems.  

Creativity 

Self-

Efficacy 

I trust my creative abilities. - Design problem 

added to reflect 

common instance of 

engineering 

creativity (Waller, 

2016) 

When attacking an 

engineering design 

problem, I trust my 

creative abilities. 

Creativity 

Self-

Efficacy 

Many times I have proven 

that I can cope with difficult 

situations. 

- “Situations” seen as 

general, altered to 

reflect engineering 

problems students 

commonly associate 

with creativity 

(Waller, 2016) 

- Reordered for 

comprehension and 

clarity 

I have proven that I can 

cope with difficult, open-

ended engineering 

problems, many times. 

Creativity 

Self-

Efficacy 

I am sure I can deal with 

problems requiring creative 

thinking. 

- “I am sure” removed 

to prevent flooring 

effect (Allen, 2017) 

- “I can deal with” 

altered to improve 

clarity of meaning 

- Changed to reflect 

engineering context 

I can successfully apply 

creative thinking in 

engineering problems that 

require it.  
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Intended 

Construct 

Short Scale of Creative 

Self  

(Karwowski et al., 2013) 

Rationale for Alteration Initial Survey Question 

Creativity 

Self-

Efficacy 

I am good at proposing 

original solutions to 

problems.  

- Changed to reflect 

engineering context 

I am good at proposing 

original solutions to 

engineering problems.  

Creative  

Self-

Identity 

I think I am a creative 

person. 

- No alteration 

required to allow 

comparison of 

general creative self-

identity and 

engineering 

creativity self-

efficacy. 

 

I think I am a creative 

person. 

Creative  

Self-

Identity 

My creativity is important 

to who I am. 

My creativity is important 

to who I am. 

Creative  

Self-

Identity 

Being a creative person is 

important to me. 

Being a creative person is 

important to me. 

Creative  

Self-

Identity 

Creativity is an important 

part of myself. 

Creativity is an important 

part of myself. 

Creative  

Self-

Identity  

Ingenuity is a characteristic 

which is important to me. 

Ingenuity is a 

characteristic which is 

important to me. 

 

Karwowski’s Creative Mindsets Scale (2014) was used as a measure of creative fixed and growth 

mindsets (10 items). These items were included directly in the initial survey instrument with no 

modification, again to reflect the general creativity mindset of the participant. The personal identity and 

mindset items were not modified to allow comparison between creative identity and engineering 

creativity self-efficacy, and investigation of a possible transfer of creative mindset. These items can be 

seen in Table 11, with several alterations for instrument fairness.  

Table 11  

Survey items from Karwowski (2014) with rationale for alteration and initial question used in the pilot 

study. 

Intended 

Construct 

Creative Mindsets Scale 

(Karwowski, 2014) 

Rationale for Alteration Initial Survey Question 

Fixed 

Creative 

Mindset 

You are either creative or 

you are not – even trying 

very hard you cannot 

change much 

- No alteration 

required 

You are either creative or 

you are not – even trying 

very hard you cannot 

change much 
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Intended 

Construct 

Creative Mindsets Scale 

(Karwowski, 2014) 

Rationale for Alteration Initial Survey Question 

Fixed 

Creative 

Mindset 

You have to be born a 

creator – without innate 

talent you can only be a 

scribbler 

- Large concerns with 

fairness for students 

unfamiliar with 

English 

colloquialisms 

- Concern over 

possible parallel to 

artistic pursuits 

- Question removed 

and replaced to 

reflect another aspect 

of creative growth 

mindset, increasing 

ability through 

application of tools 

(D. Cropley & 

Cropley, 2010; Scott 

et al., 2004) 

Anyone can increase their 

creative ability by 

applying creative thinking 

processes or tools 

Fixed 

Creative 

Mindset 

Creativity can be 

developed, but one either 

is or is not a truly creative 

person 

- No alteration 

required 

Creativity can be 

developed, but one either 

is or is not a truly creative 

person 

Fixed 

Creative 

Mindset 

Some people are creative, 

others aren’t – and no 

practice can change it 

- No alteration 

required 

Some people are creative, 

others aren’t – and no 

practice can change it 

Fixed 

Creative 

Mindset 

A truly creative talent is 

innate and constant 

throughout one’s entire life 

- No alteration 

required 

A truly creative talent is 

innate and constant 

throughout one’s entire life 

Growth 

Creative 

Mindset 

Everyone can create 

something great at some 

point if he or she is given 

appropriate conditions 

- “He or she” altered 

to encompass gender 

spectrum 

Everyone can create 

something great at some 

point if they are given 

appropriate conditions 

Growth 

Creative 

Mindset 

Anyone can develop his or 

her creative abilities up to 

a certain level 

- “His or her” altered 

to encompass gender 

spectrum 

Anyone can develop their 

creative abilities up to a 

certain level 

Growth 

Creative 

Mindset 

Rome wasn’t built in a day 

– each creative work 

requires effort and work, 

and these two are more 

important than talent 

- Large concerns with 

fairness for students 

unfamiliar with 

English 

colloquialisms 

- Concern over 

possible parallel to 

artistic pursuits 

 

A creative solution 

requires effort and work, 

and these two are more 

important than natural 

creative talent.  

Growth 

Creative 

Mindset 

It doesn’t matter what 

creativity level one reveals 

– you can always increase 

it 

- No alteration 

required 

It doesn’t matter what 

creativity level one reveals 

– you can always increase 

it 
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To include an investigation of potential barriers to creative confidence, measures for Kelley and 

Kelley’s fears which hinder creative confidence were both collected and created. McLain’s Multiple 

Stimulus Types Ambiguity Tolerance Scale (13 items) was modified to reflect an engineering context and 

used to address Kelley and Kelley’s ‘fear of the messy unknown’ (McLain, 2009). These survey items 

with alterations for the initial survey instrument are shown in Table 12. 

Table 12 

Survey items from McLain (2009) with rationale for alteration and initial question used in the pilot study. 

Intended 

Construct 

Multiple Stimulus Types 

Ambiguity Tolerance 

Scale 

(McLain, 2009) 

Rationale for Alteration Initial Survey Question 

Fear of the 

Messy 

Unknown 

I don’t tolerate ambiguous 

situations well 

- Altered to reflect 

engineering context 

I don’t tolerate ambiguous 

engineering problems well 

Fear of the 

Messy 

Unknown 

I would rather avoid 

solving a problem that 

must be viewed from 

several different 

perspectives 

- Altered to reflect 

engineering context 

- “I would rather” 

changed to avoid 

ceiling effects 

I try to avoid engineering 

problems that must be 

viewed from several 

different perspectives 

Fear of the 

Messy 

Unknown 

I try to avoid situations 

that are ambiguous 

- Altered to reflect 

engineering context 

I try to avoid engineering 

situations that are 

ambiguous 

Fear of the 

Messy 

Unknown 

I prefer familiar situations 

to new ones 

- Altered to reflect 

engineering context 

I prefer familiar situations 

in my engineering work to 

new ones 

Fear of the 

Messy 

Unknown 

Problems that cannot be 

considered from just one 

point of view are a little 

threatening 

- Altered to reflect 

engineering context 

Engineering problems that 

cannot be considered from 

just one point of view are a 

little threatening 

Fear of the 

Messy 

Unknown 

I avoid situations that are 

too complicated for me to 

easily understand 

- Altered to reflect 

engineering context 

- “too complicated” 

altered to avoid 

undesirability bias 

(Andersen & Mayerl, 

2017) 

I try to avoid engineering 

design problems that are 

too broad for me to 

understand 

Fear of the 

Messy 

Unknown 

I am tolerant of ambiguous 

situations 

- Altered to reflect 

engineering context. 

I am tolerant of ambiguous 

engineering design 

problems 

Fear of the 

Messy 

Unknown 

I enjoy tackling problems 

that are complex enough to 

be ambiguous 

- Altered to reflect 

engineering context. 

I enjoy tackling 

engineering problems that 

are complex enough to be 

ambiguous 
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Intended 

Construct 

Multiple Stimulus Types 

Ambiguity Tolerance 

Scale 

(McLain, 2009) 

Rationale for Alteration Initial Survey Question 

Fear of the 

Messy 

Unknown 

I try to avoid problems 

that don’t seem to have 

only one “best” solution 

- Altered to reflect 

engineering context. 

I try to avoid engineering 

problems that don’t seem 

to have only one “best” 

solution 

Fear of the 

Messy 

Unknown 

I generally prefer novelty 

over familiarity 

- “Generally” removed 

to combat flooring 

effects (Allen, 2017) 

I prefer originality over 

familiarity 

Fear of the 

Messy 

Unknown 

I dislike ambiguous 

situations 

- Altered to reflect 

engineering context. 

I dislike ambiguous 

situations in my 

engineering design work 

Fear of the 

Messy 

Unknown 

I find it hard to make a 

choice when the outcome 

is uncertain 

- No alteration 

required 

I find it hard to make a 

choice when the outcome 

is uncertain 

Fear of the 

Messy 

Unknown 

I prefer a situation in 

which there is some 

ambiguity.  

- Altered to reflect 

engineering context. 

I prefer engineering work 

in which there is some 

ambiguity 

 

Scales to measure tolerance of judgement (7 items), the first step (4 items), and losing control (4 

items) were created with reference to David and Tom Kelley’s descriptions (2012, 2013), again reflecting 

an engineering context. All created items with intended measurement constructs are seen in Table 13. 

Table 13  

Created survey questions, based on D. Kelley and Kelley 's (2012, 2013) four fears that hinder creative 

confidence. 

Intended Construct Initial Survey Question 

Fear of Judgement I am not afraid to propose new ideas when working with a team of engineering 

students I don’t know well 

Fear of Judgement I am confident that any ideas I have will be highly valued 

Fear of Judgement I generally find constructive feedback on engineering reports useful 

Fear of Judgement I am not afraid to constructively criticize the opinions of others when working 

in a team 

Fear of Judgement Even if an idea I present is criticized, it is not necessarily a bad idea 

Fear of Judgement I am comfortable defending my opinion to someone who may not agree with 

me 

Fear of Judgement I am comfortable changing my opinion when presented with a convincing 

reason to do so 

Fear of the First 

Step 

When faced with a problem, I would rather take action quickly than wait to be 

sure I have the right answer 

Fear of the First 

Step 

I tend to think carefully about every decision that I make  
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Intended Construct Initial Survey Question 

Fear of the First 

Step 

I often have a hard time making decisions in my engineering projects 

Fear of the First 

Step 

I fear that when I do make decisions in an engineering project, I have made the 

wrong choice 

Fear of Losing 

Control 

I am afraid of losing control in the process of solving and open-ended 

engineering problem 

Fear of Losing 

Control 

When I start and engineering project, I often find myself stuck in the planning 

phase 

Fear of Losing 

Control 

I like then the work that I do is organized and has a clear path 

Fear of Losing 

Control 

Unpredictability is uncomfortable in an engineering design problem 

 

 An inventory of creative and performing arts involvement was also created, highlighting the 

following activities: (a) singing and vocal music, (b) dance and/or choreography, (c) drama and theatre, 

(d) painting, sketching, and fine art, (e) instrumental music and/or composing/writing music, (f) 

photography, (g) creative writing, (h) other. A wide range of activities was purposefully chosen to invite 

an open exploration of potential connection to engineering creativity. Respondents are also asked to 

specify age ranges when they involved in the specified activity (from ages 4-12, 13-17, and 18-Present), 

average involvement per week, if they had ever publicly performed as part of their involvement in that 

activity and if so, how often over an average year, and whether any awards had been won for activity 

involvement. Average involvement per period of time was specified based on the above highlighted age 

ranges. 

Pilot study. With the creation of a new survey instrument, researchers must address several key 

issues, namely checking and making adjustments for misunderstandings, incomplete concept coverage, 

inconsistent interpretations, and content effects (among others). These concerns can be addressed with a 

pilot study of the survey instrument. Pre-testing of the quantitative data collection instrument allows for 

the collection of three types of evidence to evaluate the performance of survey questions: (a) statistical; 

(b) direct study of the question-and-answer process; and (c) experimental (Collins, 2003).  

These methods allow testing and identification of potential sources of measurement error, classified by 

Oksenberg, Cannell, and Kalton (1991) in a task focused model, including four components; (a) 
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comprehension problems; (b) validity problems; (c) processing difficulties; and (d) pronunciation or 

communication difficulties. 

 For this study, a pilot study of the initial survey instrument was undertaken to reduce 

measurement error and provide evidence to evaluate survey question performance. The pilot study 

followed a convergent parallel mixed methods design, where quantitative data was collected through 

survey responses and qualitative data was collected through think-aloud interviews. The survey data 

provided statistical evidence, while the think-aloud interviews allowed for direct study of the question-

and-answer process. The think-aloud interviews also addressed all types of measurement error except for 

communication and pronunciation components, which were not applicable for an online survey.  

Sample. Graduate engineering students at Queen’s University were selected by convenience 

sampling to be recruited for the pilot study. The school of graduate studies in applied science offers three 

different degree programs, two thesis and research based (PhD, MASc), and one course based (MEng). 

Students who complete these graduate programs have generally completed an undergraduate engineering 

degree, but not necessarily at an accredited Canadian institution. Departmental assistants distributed the 

survey by email to all graduate engineering students enrolled in the 10 engineering departments at 

Queen’s University. At the end of the survey, participants were asked if they would like to participate in a 

think-aloud interview and told they would receive at $15.00 gift card if they were selected to participate. 

Participants were then selected purposefully for gender and English language learners in order to account 

for differences in comprehension of the survey items. The quantitative sample included 19 participants 

with demographics shown in Table 14.  The qualitative sample included 3 participants, all of whom 

participated in the quantitative stage of the study. There were 2 males and 1 female in the qualitative 

sample, and of those participants, one for whom English was a second language.  
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Table 14  

Demographic information for the pilot study quantitative phase. 

Independent Variable Group n % 

Gender Male 14 26.3 

 Female 5 73.7 

 Other 0 0 

Graduate Degree Program PhD 6 31.6 

 MASc 13 68.4 

 MEng 0 0 

Engineering Discipline Electrical-Based 1 5.3 

 Mechanical-Based 5 26.3 

 Chemical and Science-Based 4 21.0 

 Civil-Based 9 47.4 

 Other 0 0 

 

Instruments. The pilot study used two methods of data collection: quantitative data was collected 

through the initial survey instrument, and qualitative data was collected through think-aloud interviews. 

Cognitive interviewing methods are derived from social and cognitive psychology. They enable 

researchers to investigate the responses provided by participants, exploring both the processes by which 

survey questions are answered and the factors which influence the answers provided (Collins, 2003; 

Hofmeyer, Sheingold, & Taylor, 2015).  

 Debbie Collins (2003) highlights the two main cognitive techniques: think-aloud interviewing 

and probing. In the think-aloud method, the participant is asked to complete the survey and ‘think-aloud’ 

as they do so. The probing method involves the interviewer asking specific questions (probes) which are 

designed to prompt the respondent to elaborate on how the answered the question. Comprehension, 

retrieval, judgement, and response processes are often explored through the use of standard probes. The 

methods differ in the driving force for the interview – probing is traditionally interviewer driven, while 

think-aloud methods are respondent driven. However, in order to fully explore participant thought 

processes, both techniques can be combined successfully in a single interview.  

 A semi-structured interview format was used for the think-aloud interviews, with probes allowing 

for exploration within the think-aloud protocol. The interview itself began with an introduction to the 
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study and participants were then provided with an explanation of the think-aloud method for an example 

survey question. The example of the think-aloud process is included in Appendix B. Once the think-aloud 

portion of the interview began, comprehension and retrieval probing questions were used when necessary 

to gain a more in-depth understanding of the participants thought process.  

Data collection methods. The online survey platform Qualtrics was used to collect quantitative 

data electronically using the initial survey instrument. A standardized recruitment email was sent to 

participants. This email contained a link to the online survey and a brief letter of information. The online 

survey began with a detailed letter of information and consent, and participants were asked to provide 

electronic consent to participate in the survey. Participants were able to withdraw from the study by 

exiting the survey prior to completion and submission. Upon finishing the survey, participants were 

provided with a link to a second Qualtrics survey to collect contact information from any participants 

interested in completing a think-aloud interview. This survey also informed participants that they would 

receive a $15.00 gift card for participation in a follow-up interview. Prior to the interview participants 

were given a Letter of Information and encouraged to ask clarifying questions if necessary. A Consent 

Form was then signed by each participant. The Letters of Information and Consent Forms for the pilot 

study are included in Appendix A. All interviews were audio recorded, and the recording was then 

transcribed. Minimal field notes were taken during the interview process, which were used to augment the 

interview transcriptions when appropriate. All analysis was done using the written transcripts of the think-

aloud interviews. All names have been replaced with pseudonyms to ensure participant anonymity.  

Data analysis. Quantitative and qualitative data were analyzed separately. Only descriptive 

statistics were calculated for the quantitative data, due to the low response rate (n<30). The skewness and 

kurtosis were examined for each question to assess data normality. Interview transcriptions were analyzed 

on a question by question basis, while taking special care to address the root causes of potential 

measurement error. Thus, Collins’ task-focused model of measurement error was used as a baseline for 

possible emergent themes (Collins, 2003).  



 

58 

 

Pilot study results. For all initial survey questions, the standard errors were 0.53 and 1.01 for 

skewness and kurtosis respectively. Acceptable values for skewness and kurtosis are within twice the 

standard error, according to Field (2013). Thus, acceptable ranges were within ±1.06 and ±2.02 for 

skewness and kurtosis respectively. Most items fell within these ranges. However, 3 items created to 

address the fear of judgement fell outside of the acceptable ranges, suggesting a departure from normality. 

The descriptive statistics for the quantitative pilot study data is show in Appendix B. 

The deductive coding analysis of think-aloud transcripts resulted in the identification of two main themes: 

(a) significance of context and (b) significance of terminology.  

Significance of context. A number of questions failed to explicitly state the context, which 

resulted in varied interpretations by participants. This included variation between academic or 

professional engineering contexts, and engineering or personal contexts. The lack of specification of 

context resulted in comprehension and processing difficulties from all participants. The variations in 

interpretations tended to impact participant’s responses. Thomas, for example, discussed how his opinion 

of the importance of creativity varies dependent on context:  

 “If I’m thinking about myself, like cooking for myself, I don’t care if I’m creative or not. But 

creativity is important in an engineer”.  

Significance of terminology. Terminology was determined to be another large contributing factor 

to comprehension and processing difficulty in the survey items. Lack of standardized definitions for terms 

also contributed to the validity error present in the instrument. Participants had varying definitions and 

understanding of the following terms: creative thinking tools and processes, ambiguous engineering 

problems, and losing control in problem solving. In many cases, the meaning of these terms was 

inconsistent with the intent of the question. Helen stated that “The word ambiguity is ambiguous”, 

summing up these concerns of terminology succinctly.  
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Modifications to the survey instrument. The results of the quantitative and qualitative analyses 

were used to inform several modifications to the survey instrument. By addressing the statistical 

anomalies and two identified themes, modifications were made to improve validity and reliability.  

 To improve comprehension and validity, terminology was altered. All instances of the words 

“ambiguity” and “ambiguous” were removed and replaced with more concrete definitions. Two items 

from the scale of ambiguity tolerance were removed to reduce redundancy and validity concerns. Items 

were also altered to reflect more specific context. Introductory instructions were added prior to the 

creative personal identity and mindset scales, guiding students to consider these questions from the 

perspective of their general personality and not in an engineering context. In total, the wording of 26 

items was modified to reflect more specific context or clarify terminology. Skewness and kurtosis 

concerns were addressed in survey items by increasing or decreasing the strength of statements to 

mitigate ceiling or flooring effects.  

Survey instrument. The final survey instrument included 46 closed-ended Likert style questions 

distributed amount the self-efficacy and goal-orientation theory elements as follows: (a) creative self (10 

items); (b) creative mindset (10 items); and (c) tolerance of fears that hinder creative confidence (26 

items). The survey also included 1 open-ended question on the definition of engineering creativity, which 

was asked first.  The survey questions were ordered to minimize survey bias wherever possible.  

 Students were also asked to answer questions allowing for grouping by levels of independent 

variables in analysis. Demographic questions included gender, year of study, engineering discipline, 

whether the students were international or Canadian students, and whether an internship year was 

completed. Socioeconomic status was also measured by asking for the participant’s mother’s highest level 

of education, as recommended by Caro and Cortés (2012). The survey also included two sliding response 

questions intended to be used for comparison between groups, but also useful for checking the validity of 

the Likert style response questions and resultant factors. The first was indicating preference for open-

ended or closed-ended problem solving on a sliding scale from 0 to 10, where 0 was labeled by “Closed-
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Ended Problems with a Single Correct Answer” and 10 was labeled by “Open-Ended Problems with 

Multiple Correct Answers”. The second was indicating self-reported confidence in success in engineering 

creativity on a sliding scale from 0 to 10, where 0 was labeled by “No Confidence” and 10 was labeled by 

“Complete Confidence”. Both scales were in increments of 1. Final survey items and order can be seen in 

Appendix C.  

 Before the survey instrument was sent out in the national study, it was first assessed for: (a) 

instrument reliability; (b) instrument validity; and (c) instrument fairness. 

Instrument reliability. Reliability of survey instruments is the reproducibility of the instrument’s 

data, which is commonly assessed in three forms: test retest, alternate form, and internal consistency 

(Litwin, 1995). The purpose of this study, however was not to create and assess a measurement tool for 

internal creative motivation, so test-retest and alternate form reliability were not assessed as they require 

the same individuals to complete the survey many times (Litwin, 1995). Internal consistency was 

calculated using the national survey data. Questions were examined for comprehension errors in the 

qualitative think-aloud portion of the pilot study, which may have had some impact on instrument 

reliability.  

Instrument validity. Litwin defines instrument validity as “how well it measures what it sets out 

to measure” (Litwin, 1995, p.33). Content validity was established through a two-phase review of the 

initial survey questions. The questions were first assessed by a colleague in engineering education, 

examining for appropriate phrasing, strength of wording, and association with relevant motivational 

characteristics. The secondary review was done by an expert in engineering creativity and design, who 

assessed the questions as they related to engineering creativity principles and characteristics. Criterion 

validity was not assessed for this instrument, as it requires comparison to an already established 

instrument (Litwin, 1995). There currently exists no instrument meant to capture internal motivational 

characteristics for engineering creativity, and thus such a comparison was impossible. This also would 

have required participants to complete multiple surveys, which was not feasible in the timeline or 
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structure of the study. Construct validity was also not assessed, as it is “often determined only after years 

of experience with a survey instrument” (Litwin, 1995, p. 43), which, again, was not feasible in the 

timeline of this research. 

Instrument fairness. Instrument fairness can be categorized into individual and group fairness, 

where individual fairness is “denoted as equity”, and group fairness is related to equity between groups 

such as race, ethnicity, class, language, urbanicity, etc. (Camilli, 2013, p. 105). Individual fairness is 

generally discussed in terms of standardized conditions of presentation, which was enabled through the 

use of the standardized online presentation of the survey. The conditions in which participants completed 

the survey could not be controlled. Group fairness was assessed through initial survey review, altering 

questions which assumed a gender binary, and which used English phrases and colloquialisms that may 

be challenging to English Language Learners. This was continued by including a think-aloud participant 

who completed their undergraduate education outside of Canada. Alterations made for comprehension 

and clarity addressed group fairness, including simplifications to some of the terminology used.  

Interview protocol. The interview protocol began with a scripted introduction to the study, 

reminding students that the interview itself was completely voluntary and the data would be kept 

confidential. A semi-structured format was used for the one-on-one interviews, allowing complete 

freedom of the participant to respond in whatever manner they saw appropriate. This also enabled the 

interview structure to change based on the flow of each interview and the responses of the participant. 

Probing questions were used to encourage details from the participants and to fully understand the unique 

responses and views of each student. This allowed for gathering of unexpected data which was essential 

to fully capturing the experiences of the participants.  

The interview questions themselves were developed to answer the study’s research questions and 

investigate internal motivational factors and attitudes and understanding of creativity, both in engineering 

and in other activities. These questions were phrased to elicit in-depth reflection on attitudes and 

understanding of the participants, and formulated considering social constructivist philosophy (Adams, 
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2006). A total of 14 questions were designed to guide the interview. The interview questions and 

associated rationale is shown in Table 15. It is noted, however, the crossover of content and themes 

between questions was expected due to the nature of qualitative research. The questions themselves were 

merely intended to promote detailed reflection of various elements of creativity. This is, by nature, a 

complex and multi-faceted environment.  

Table 15  

Interview questions and associated purpose. 

Question Relevant Research Question and 

Purpose 

1. Do you think creativity is important in engineering? 

What makes you feel this way? 

Question 2 – Investigating student 

attitude toward engineering creativity 

2. Can you describe what you think it takes to be creative in 

engineering? To be a creative engineer? 

Question 2 – Investigating student 

understanding of creativity in 

engineering and what is required to be 

successfully creative 

3. Do you consider yourself a creative person? Why or why 

not? 

Question 1 – Investigating the creative 

self-identity of students 

4. When you are given the opportunity to be creative in 

your engineering tasks, are you confident in your ability to 

be creative? Why do you feel this way? 

Question 1 – Investigating the 

engineering creativity self-efficacy of 

students  

5. Do you feel that creativity can be taught and learned? 

Why? 

Question 1 – Investigating the creativity 

mindset of students 

6. Is there anything intimidating or frightening about being 

creative in your engineering tasks? What is it any why is it 

frightening? 

Question 1 – Investigating the fears 

which students see as hindering their 

creative output 

7. Are there any factors present in your engineering 

education that you think might prevent you from being 

creative?  

Question 2 – Investigating any barriers 

students see as preventative in 

engineering creativity 

8. What activities are you currently involved in on or off 

campus? How long have you been involved and how much 

time do you usually spend on them in an average week? 

Question 1 and 2 – Understanding 

student extra-curricular involvement 

experiences 

9. What activities were you involved in as a child or young 

adult that you don’t do anymore? If you have stopped, why? 

Question 1 and 2 – Understanding 

previous student extra-curricular 

experiences 
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Question Relevant Research Question and 

Purpose 

10. What do you enjoy the most about the activities you are 

involved in? 

Question 2 – Investigating personal 

enjoyment of creative activities outside 

of engineering, possible motivational 

factors 

11. What sort of skills or characteristics do you think you 

have developed or learned through involvement in these 

activities? Do you think these skills have been useful to you 

in engineering? In what ways? 

Question 2 – Investigating student 

perception, attitude, and experience that 

drives personal development 

12. What motivates you to engage in these activities?  Question 1 and 2 – Investigating student 

creative motivation in an arts or extra-

curricular context 

13. Do you think you have become more confident in your 

creative ability over the course of your life? If so, what do 

you think has contributed most to the development of that 

confidence?  

Question 1 and 2 – Investigating student 

creative self-efficacy development and 

factors which may influence it 

14. (for students involved in arts only) What difference do 

you think there is between creating something in art and 

creating something in engineering? 

Question 2 – Investigating student 

attitude and perception of the creative 

process in engineering as compared to a 

more traditionally creative activity 

 

Data Collection 

Data was collected separately for both phases of the study. Quantitative data was collected 

through the online survey instrument, and qualitative data was collected through one-on-one interviews 

with participants.  

Online survey. Data collection for the quantitative data used in the national study occurred much 

as it did for the pilot study. The online survey tool Qualtrics was used to collect data electronically. 

Ethical clearance was obtained at each institution before data collection began. A standardized 

recruitment email was sent to participants, outlining the purpose of the study and containing a link to the 

online survey. The recruitment email was circulated to students through departmental assistants, graduate 

students, and faculty members from the participating institutions. Some institutions also made use of 

printed posters and recruitment notices posted on institutional websites.  
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 The online survey began with a detailed Letter of Information and Consent, which participants 

were required to accept before moving on to complete the survey. Participants could withdraw from the 

survey at any time by exiting the survey prior to submission. The Letter of Information and Consent is 

included in Appendix A. 

One-on-one interviews. Qualitative data was collected through semi-structured interviews held 

with individual participants. A link was provided at the end of the online survey to a second survey 

administered through Qualtrics. This secondary survey was used to collect initial contact information 

from participants interested in completing a follow-up interview. This survey also informed participants 

that they would receive a $15.00 gift card for participating in the interview, should they be selected. 

Survey response data was not tied to participant contact information to ensure anonymity of the 

quantitative data. Participants were provided with a Letter of Information and Consent Form specific to 

the interview phase of the study and were asked to provide their written consent to participate. Interviews 

took place in person when possible, and over a Skype video call if the participant could not be 

interviewed in person. Each interview was a maximum of 75 minutes in length, and was audio recorded 

with the permission of the participants. These electronic recordings were then transcribed to be used for 

analysis. All participant names have, once again, been replaced with pseudonyms to ensure participant 

confidentiality. The Letter of Information and Consent Form for this phase of the study is included in 

Appendix A. 

Data Analysis Methods 

 Data analysis procedures for both quantitative and qualitative data are outlined below.  

Quantitative Data 

 Quantitative data from the online survey was analyzed in two stages: (a) an exploratory factor 

analysis was completed using the closed-ended survey questions; and (b) the effects of independent 

variables of gender, year of study, engineering discipline, and creative arts involvement were examined 

through independent sample t-tests and ANOVAs.  
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Exploratory factor analysis. An exploratory factor analysis was completed for all closed-ended 

Likert-style survey items to identify clusters of variables that represent latent constructs. This was done to 

determine the validity of the survey, examining whether the intended constructs were truly being 

measured by the survey instrument. Field (2013) highlights three main uses for exploratory factor 

analysis: (a) understanding the structure of a set of variables; (b) constructing a questionnaire to measure 

an underlying variable; and (c) reducing a data set to a more manageable size while retaining as much of 

the original information as possible. All three of these factors were necessary to answer Question 1, 

comparing internal motivational characteristics by independent variable groups.  

  The Kaiser-Meyer-Olkin measure of sampling adequacy (KMO) was used to confirm sample 

size adequacy for factor analysis. Values close to 1 indicate that factor analysis should yield discrete and 

consistent factors (Pohlmann, 2004). Hutcheson and Sofroniou (1999) give guidelines for acceptable 

KMO values: (a) unacceptable for values below 0.5; (b) miserable for values in the .50s; (c) mediocre for 

values in the .60s; (d) middling for values in the .70s; (e) meritorious for values in the .80s; and (f) 

marvelous for values in the .90s.  

 Maximum likelihood factor extraction was used for the analysis. This extraction method was 

selected as it is recommended to be able to expand the results of the analysis to a larger population (Field, 

2013). Field also recommends using oblique factor rotation initially, assuming correlation between 

extracted factors. If oblique rotation does not prove this assumption true, the analysis should then be 

repeated with orthogonal rotation. For initial analysis with oblique rotation, the direct oblimin rotation 

method was used. Following the disproval of the correlation assumption, varimax rotation was used as it 

“results in more interpretable clusters of factors” when using orthogonal rotation (Field, 2013, p. 681).  

 Factor loadings less than 0.31 were suppressed, and any factors loaded with less than three 

strongly loaded items were removed (Costello & Osborne, 2005). Strongly loaded factors are generally 

considered to be those greater than 0.5 (Costello & Osborne, 2005; Field, 2013). To determine the number 

of factors to extract for analysis, Kaiser’s criterion suggests retaining only factors with eigenvalues 



 

66 

 

greater than 1. This method commonly over-extracts factors (Costello & Osborne, 2005), and as such a 

Scree plot is also recommended for evaluation of factors. Here, the number of data points occurring 

before the “break” on a graph of eigenvalues is generally considered to be the number of factors to retain 

(Field, 2013). Factors were retained according to a combination of Kaiser’s criterion, a Scree plot, and 

best judgement based on literature and pattern matrix loadings.  

 Equally-weighted averages of scores for high loading items were calculated to construct factor 

scores for each factor. Items that with minor cross-loadings were ignored for factor score creation. This 

allows for easy interpretation, as factor scores are created on a seven-point scale just as initial items were. 

Cronbach’s alpha was then calculated for each factor, with values greater than 0.70 indicating acceptable 

scale reliability (Field, 2013). Descriptive statistics were then calculated for each factor for the sample 

and grouped by independent variables, gender, engineering discipline, year of study, self-reported 

problem-solving preference and creativity, and creative arts involvement.  

Inferential statistics. All inferential statistics used a 95% confidence interval. Independent 

sample t-tests were calculated for each factor for gender. Differences in factors by engineering discipline, 

year of study, problem solving preference, self-reported creative confidence, frequency of creative arts 

involvement, duration of creative arts involvement, predominant activity by age range, and performance 

experience were investigated using one-way independent ANOVAs. Statistically significant differences in 

ANOVAs (p<0.05) were further investigated using Hochberg’s GT2 post-hoc testing. This post-hoc 

testing method was selected as it is identified as the most appropriate for large differences in sample sizes 

between groups (Field, 2013). The validity of the assumption of homogeneity of variance was tested for 

each ANOVA by conducting Levene’s test. If differences were found through t-tests or ANOVAs, 

Cohen’s d was calculated to determine effect size, where values are: (a) negligible if less than 0.2; (b) of 

small effect if between 0.2 and 0.5; (c) of medium effect if between 0.5 and 0.8; and (e) of large effect if 

greater than 0.8 (Rice & Harris, 2005).  
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Qualitative Data 

 Qualitative data was collected both from the open-ended survey question and the one-on-one 

interviews. Thus, data analysis was completed for both sets of data independently.  

Open-ended survey question. The survey question regarding student definitions of engineering 

creativity was analyzed using inductive coding, developing categories and subsequent themes from the 

data. Inductive coding is commonly used in qualitative data analysis, with the intent to “allow research 

findings to emerge from the frequent, dominant or significant themes inherent in raw data, without the 

restraints imposed by structured methodologies”(Thomas, 2006, p. 237). A frequency analysis was then 

performed for all categories to indicate the most common features in student definitions of engineering 

creativity.  

One-on-one interviews. The main qualitative analysis was undertaken using the audio recordings 

of interviews with undergraduate students. All interviews were first transcribed and imported in NVivo 

V11 for analysis. All participants were then assigned pseudonyms to ensure confidentiality of the data. 

Interview transcripts were read and re-read to allow for full immersion in the data and familiarity with 

participants unique responses. The general inductive coding technique proposed by Thomas (2006) was 

used to analyze interviews, first coding data into small text segments, which are then grouped into 

categories. These categories are combined to reduce overlap and redundancy, finally resulting in larger 

themes highlighted in the data.  
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Chapter 4 

Results 

 The following section provides the results of quantitative and qualitative data analysis. The 

exploratory factor analysis results are outlined first, followed by descriptive and inferential statistical 

results from the online survey. Next, the results of the inductive coding analysis for the open-ended 

survey question are presented. Finally, the emergent themes from the one-on-one interviews are 

summarized.  

Exploratory Factor Analysis 

 Prior to the exploratory factor analysis, possible multicollinearity in the data was addressed. Field 

(2013) suggests the removal of highly correlated items (r>0.80) to help reduce the possibility of 

multicollinearity. Thus, the item “Creativity is an important part of myself” was removed, as this item 

was found to be highly correlated to “My creativity is important to who I am” with r = 0.807. Field 

suggests that the determinant of the correlation matrix should be greater than 0.00001 (|R| > 0.00001) to 

be sure there is no multicollinearity in the data. Following the removal of this item, |R|<0.00001, and thus 

analysis proceeded with caution, acknowledging the potential presence of data multicollinearity. Items 

were removed during factor analysis which also may have improved the final degree of multicollinearity 

in the data.  

 The factor analysis was conducted in two stages, the first with oblique rotation testing the 

assumption of correlated factors, and the second with orthogonal rotation. 

Oblique rotation. Factor analysis with oblique rotation was performed in four iterations. The 

first analysis resulted in a complex structure, retaining 11 factors with an eigenvalue greater than one, 

explaining 63.1% of the variance. The KMO test for sampling adequacy was ‘meritorious’ at 0.84. 

Bartlett’s test for sphericity was not significant, indicating that correlations between variables were 

significantly different than zero (Field, 2013). Items “I find constructive feedback on engineering reports 



 

69 

 

useful” and “I tend to think carefully about every decision that I make in my engineering projects” did not 

load onto any factors. Four items were cross-loaded onto two factors: (a) “I dislike situations in my 

engineering design work where there are many different ways to approach the problem”; (b) “I prefer 

engineering work that can be understood in more than one way”; (c) “I am confident that any ideas I have 

will be highly valued”; and (d) “Practice makes perfect – perseverance and trying hard are the best ways 

to develop and expand ones creative capabilities”. The sixth, seventh, and tenth factors had less than three 

strongly loading items. “A truly creative talent is innate and constant throughout one’s entire life” was the 

only item loading onto Factor 10, while “When working through an engineering problem, I prefer 

originality over familiarity” was the only single-loaded item on Factor 7. All non-loading items and single 

loading items on non-significant factors were removed for the second iteration of analysis. 

The second iteration resulted in a complex structure, with nine factors explaining 60.5% of the 

variance and KMO = 0.85 (meritorious). Four items did not load onto any of the factors: (a) “I prefer 

engineering work that can be understood in more than one way”; (b) “A creative solution requires effort 

and work, and these two are more important than natural creative talent”; (c) “When I start an engineering 

project, I often find myself stuck in the research phase”; and (d) “When faced with an engineering related 

problem, I would rather take action quickly than wait to be sure I have the right answer”. Four items were 

also cross-loaded onto two separate factors: (a) “I like when the work I do has a clear path”; (b) “I am 

good at proposing original solutions to engineering problems”; (c) “I am confident that any ideas I have 

will be highly valued”; and (d) “It doesn’t matter what creativity level one has – you can always increase 

it”.  Factor 9 had only two loaded items, with “Unpredictability is uncomfortable for me in an engineering 

design problem” singularly loaded on that factor. Similarly, Factor 4 had two loaded items, with “Practice 

makes perfect – perseverance and trying hard are the best ways to develop and expand one’s creative 

capabilities” singularly loaded onto that factor. Again, all non-loaded items and items singularly loaded 

onto non-significant factors were removed for subsequent analyses.  
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The third iteration of the exploratory factor analysis resulted in a complex structure, with seven 

factors explaining 59.6% of the variance. Sampling adequacy was meritorious at KMO = 0.86. 

“Engineering problems that cannot be considered from one point of view are a little intimidating” did not 

load onto any of the extracted factors, and “I am confident that any ideas I have will be highly valued” 

and “I am good at proposing original solutions to engineering problems” were double-loaded. The non-

loading factor was removed for the next iteration.  

The final iteration resulted in a complex structure, with seven extracted factors with eigenvalues 

greater than one. These factors explained 60.5% of the variance. The Scree plot indicated four or six 

factors following the “elbow” of the curve, but best judgement was used to retain seven factors. The 

resultant Scree plot can be seen in Figure 6.  

 

Figure 6.  Scree plot for the final iteration of oblique rotation factor analysis. 

 Table 16 shows the final factor correlation matrix for oblique rotations, and the factor correlation 

matrix was examined to determine if factor correlations were strong (>0.5) and would prove the 

assumption of correlation inherent to oblique rotations. The factor correlation matrix is shown in Table 

16. 
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Table 16  

Pattern matrix for the final iteration of obliquely rotated exploratory factor analysis. 

Item Factor 

1 2 3 4 5 6 7 

I can successfully apply creative thinking in 

engineering problems that require it. 

.74       

I have proven many times that I can cope with 

difficult, open-ended engineering problems. 

.71       

I can efficiently solve even complicated open-

ended engineering problems. 

.64       

When attacking an engineering design 

problem, I trust my creative abilities. 

.61       

I am good at proposing original solutions to 

engineering problems. 

.53  .32     

Some people are creative, others aren't - and 

no practice can change it. 

 .85      

You are either creative or you are not - even 

trying very hard you cannot change much. 

 .75      

Unless you are born with creative talent, you 

cannot be truly creative. 

 .73      

Creativity can be developed, but one either is 

or is not a truly creative person. 

 .59      

It doesn't matter what creativity level one has 

- you can always increase it. 

 -.57      

Everyone can create something great at some 

point if they are given appropriate conditions. 

 -.48      

Anyone can develop their creative abilities up 

to a certain level. 

 -.47      

My creativity is important to who I am.   .84     

I think I am a creative person.   .76     

Being a creative person is not important to 

me. 

  -.60     

Ingenuity is a characteristic which is 

important to me. 

  .45     

If I can, I avoid engineering problems that are 

open to many interpretations. 

   .79    

When possible, I try to avoid engineering 

problems that must be viewed from several 

different perspectives. 

   .79    

I don't feel comfortable with engineering 

problems that are open to more than one 

interpretations. 

   .65    

I dislike situations in my engineering design 

work where there are many different ways to 

approach the problem. 

   .43    
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Item Factor 

1 2 3 4 5 6 7 

I try to avoid engineering problems that don't 

have only one "best" solution. 

   .41    

While working with a team of engineering 

students, I am comfortable defending my 

opinion to someone who may not agree with 

me. 

    .77   

Even if an idea I present is criticized, that 

does not mean it is a bad idea. 

    .60   

I am not afraid to constructively criticize the 

opinions of others when working in a team. 

    .55   

I am comfortable changing my opinion when 

presented with a convincing reason to do so, 

when working on an engineering project. 

    .53   

I am not afraid to propose new ideas when 

working with a team of engineering students I 

don't know well. 

    .47   

I am confident that any ideas I have will be 

highly valued. 

.39    .45   

I often have a hard time making decisions in 

my engineering projects. 

     .68  

I fear that when I do make decisions in an 

engineering project, I have made the wrong 

choice. 

     .57  

I am uncomfortable when I can't find my way 

forward in the midst of an open-ended 

engineering problem. 

     .56  

In my engineering projects, I find it hard to 

make a choice when the outcome is uncertain. 

     .54  

I prefer familiar types of problems in my 

engineering work to new ones. 

      -.70 

I try to avoid engineering design problems 

that are too complex for me to understand. 

      -.43 

I like when the work that I do has a clear 

path. 

      -.41 

 

Table 17  

Factor correlation matrix for obliquely rotated factor analysis. 

Factor 1 2 3 4 5 6 7 

1 1.00       

2 .05 1.00      

3 .31 -.23 1.00     

4 -.16 .20 -.16 1.000    

5 .30 -.07 .21 -.25 1.000   
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Factor 1 2 3 4 5 6 7 

6 -.30 -.03 -.07 .21 -.25 1.000  

7 .15 -.03 .07 -.36 .17 -.43 1.000 

  
It can be seen in the factor correlation matrix that correlations between factors are not strong 

(<0.5). Thus, the assumption of correlated factors was disproved, and the factor analysis was repeated 

with orthogonal rotation.  

Orthogonal rotation.  To conduct the exploratory factor analysis with orthogonal rotation 

varimax rotation was implemented. All other analysis conditions were unchanged. Orthogonally rotated 

factor analysis required five iterations to extract fairly simply loaded and concrete factors.  

 The first iteration resulted in a complex structure, with 11 factors explaining 63.1% of the 

variance. The sampling adequacy was meritorious, with KMO = 0.84. “I tend to think carefully about 

every decision that I make in my engineering projects” did not load onto any factors. There were six 

double loading items: (a) “I like when the work I do has a clear path”; (b) “I prefer engineering work that 

can be understood in more than one way”; (c) “I think I am a creative person”; (d) “I am good at 

proposing original solutions to engineering problems”; (e) “Practice makes perfect - perseverance and 

trying hard are the best ways to develop and expand ones creative capabilities”; and  (f) “If I can, I avoid 

engineering problems that are open to many interpretations”. Two items were triple-loaded (explaining 

variance on three different factors): “I am confident that any ideas that I have will be highly valued” and 

“Unpredictability is uncomfortable for me in an engineering design problem”. Of the 11 factors, Factors 

7, 9, 10 and 11 all had less than three strongly loaded items and are thus considered non-significant. “A 

truly creative talent is innate and constant throughout one’s entire life” and “When working through an 

engineering problem, I prefer originality over familiarity” both single-loaded onto non-significant factors. 

Non-loading items and single-loading items on non-significant factors were removed for the next 

iteration.  

 The second iteration resulted in nine factors explaining 60.0% of the variance, and with KMO = 

0.85 (meritorious). There were no non-loading items, but ten double-loading items and one triple-loading 
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item. Double-loading items were: (a) “Practice makes perfect - perseverance and trying hard are the best 

ways to develop and expand ones creative capabilities”; (b) “While working with a team of engineering 

students, I am comfortable defending my opinion to someone who does not agree with me”; (c) “If I can, 

I avoid engineering problems that are open to many interpretations”;  (d) “I am confident that any ideas I 

have will be highly valued”; (e) “I dislike situations in my engineering design work where there are many 

different ways to approach the problem”; (f) “I like when the work that I do has a clear path”; (g) “I think 

I am a creative person”; (h) “I am uncomfortable when I can’t find my way forward in the midst of an 

open-ended engineering problem”; (i) “I am good at proposing original solutions to engineering 

problems”; and (j) “When possible, I try to avoid engineering problems that must be viewed from several 

different perspectives”. The triple-loading item was “Unpredictability is uncomfortable for me in an 

engineering design problem”. Factor 9 consisted only of one item, “Practice makes perfect… etc.”, which 

was removed for subsequent analyses. The triple loaded item was also removed. 

 The third iteration of factor analysis resulted again in nine factors explaining 60.7% of the 

variance, with KMO = 0.85. Non-loading items were “When I start an engineering project, I often find 

myself stuck in the research phase” and “When faced with an engineering related problem, I would rather 

take action quickly than wait to be sure I have the right answer”.  There were, again, ten double loading 

items: (a) “I try to avoid engineering problems that don’t have only one best solution”; (b) “I am 

comfortable changing my opinion when presented with a convincing reason to do so”; (c) “Even if an 

idea I present is criticized, it is not a bad idea”; and items (d) through (j) as defined in the preceding 

iteration. Factor 9 consisted of only two items, both which were double-loaded onto other factors. “I like 

when the work I do has a clear path” was one of the double-loading items on Factor 9, which was 

removed as its factor loadings were approaching the 0.31 cut-off point for both factors. All non-loading 

items were also removed. 

 The next iteration resulted in a complex structure with eight factors explaining 60.8% of the 

variance. The KMO measure for sampling adequacy was meritorious at 0.86. There were eight double-
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loading items including “I find constructive feedback on engineering reports useful”, item (a) from the 

third iteration of orthogonal factor analysis, and items (d), (e), and (h) through (j) from the second 

iteration of orthogonal factor analysis. Only two items were loaded onto Factor 8, “I prefer engineering 

work that can be understood in more than one way” and “I find constructive feedback on engineering 

reports useful”. Both factors were removed for subsequent analyses. All double loaded items without a 

strong loading (>0.5) on one or more factors were removed, which included “I try to avoid engineering 

problems that don’t have only one best solution” and “I am confident that any ideas I have will be highly 

valued”.  

 The fifth and final iteration of exploratory factor analysis resulted in six factors explaining 56.9% 

of the variance, and a Kaiser-Meyer-Olkin value of 0.86 (meritorious). The Scree plot indicated retention 

of either four or six factors, confirming the presence of the six factors as determined by the Kaiser 

criterion. The Scree plot is shown in Figure 7, and the final factor structure can be seen in Table 18.  

 

 

Figure 7. Scree plot for the final iteration of orthogonal rotation factor analysis. 
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Table 18  

Rotated factor matrix for orthogonally rotated exploratory factor analysis. 

 

Item 
Factor 

1 2 3 4 5 6 

Some people are creative, others aren't - and no 

practice can change it. 

.825      

Unless you are born with creative talent, you 

cannot be truly creative. 

.746      

You are either creative or you are not - even 

trying very hard you cannot change much. 

.729      

Creativity can be developed, but one either is or 

is not a truly creative person. 

.604      

It doesn't matter what creativity level one has - 

you can always increase it. 

-.580      

Everyone can create something great at some 

point if they are given appropriate conditions. 

-.488      

Anyone can develop their creative abilities up 

to a certain level. 

-.483      

A creative solution requires effort and work, 

and these two are more important than natural 

creative talent. 

-.319      

If I can, I avoid engineering problems that are 

open to many interpretations. 

 .827     

When possible, I try to avoid engineering 

problems that must be viewed from several 

different perspectives. 

 .756     

I don't feel comfortable with engineering 

problems that are open to more than one 

interpretation. 

 .676     

I dislike situations in my engineering design 

work where there are many different ways to 

approach the problem. 

 .559     

I prefer familiar types of problems in my 

engineering work to new ones. 

 .516    .362* 

I try to avoid engineering design problems that 

are too complex for me to understand. 

 .445     

Engineering problems that cannot be considered 

from one point of view are a little intimidating. 

 .400     
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Item 
Factor 

1 2 3 4 5 6 

I can successfully apply creative thinking in 

engineering problems that require it. 

  .759    

I have proven many times that I can cope with 

difficult, open-ended engineering problems. 

  .693    

When attacking an engineering design problem, 

I trust my creative abilities. 

  .676    

I can efficiently solve even complicated open-

ended engineering problems. 

  .658    

I am good at proposing original solutions to 

engineering problems. 

  .607 .342*   

My creativity is important to who I am.    .826   

I think I am a creative person.   .382* .726   

Being a creative person is not important to me.    -.575   

Ingenuity is a characteristic which is important 

to me. 

   .462   

While working with a team of engineering 

students, I am comfortable defending my 

opinion to someone who may not agree with 

me. 

    .794  

Even if an idea I present is criticized, that does 

not mean it is a bad idea. 

    .574  

I am not afraid to constructively criticize the 

opinions of others when working in a team. 

    .558  

I am comfortable changing my opinion when 

presented with a convincing reason to do so, 

when working on an engineering project. 

    .515  

I am not afraid to propose new ideas when 

working with a team of engineering students I 

don't know well. 

    .473  

I am uncomfortable when I can't find my way 

forward in the midst of an open-ended 

engineering problem. 

     .662 

I fear that when I do make decisions in an 

engineering project, I have made the wrong 

choice. 

     .569 

I often have a hard time making decisions in my 

engineering projects. 

     .533 
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Item 
Factor 

1 2 3 4 5 6 

In my engineering projects, I find it hard to 

make a choice when the outcome is uncertain. 

     .523 

* indicates factor loadings which were not incorporated into calculated factor scales 

  The loading of questions in the pattern matrix shown above suggests that Factor 1 represented 

Creative Mindset (with higher values indicating more negative mindset), Factor 2 represented Fear of the 

Messy Unknown, Factor 3 represented Engineering Creativity Self-Efficacy, Factor 4 represented 

Creative Self-Identity, Factor 5 represented Tolerance of Judgement, and Factor 6 represented Fear of the 

First Step. Kelley’s Fear of Losing Control was not extracted as a relevant factor in analysis. Factor 

scores were calculated for each extracted factor using an unweighted average of all loaded items, except 

those which were weakly double-loaded (indicated with an * in Table 18). Using the factor scores, 

Cronbach’s α values were calculated to evaluate the internal consistency each factor scale. These values 

are shown in Table 19. Field (2013) suggests that α values greater than 0.70 are acceptable, and thus all 

factors are considered here to be reliable.  

Table 19  

Reliability values for extracted factors. 

 

 

 Descriptive statistics for all factors can be seen in Table 20, with factor scores calculated on a 7-

point Likert-type scale. Twice the respective standard deviation gives acceptable ranges of ±0.30 and 

±0.60 for skewness and kurtosis respectively (Field 2013). These statistics suggest positive skewness in 

Creative Mindset and Fear of the Messy Unknown, and negative skewness in Engineering Creativity Self-

Factor Number of Items Cronbach’s α 

Creative Mindset 8 0.81 

Fear of the Messy Unknown 7 0.84 

Engineering Creativity Self-Efficacy 5 0.86 

Creative Self-Identity 4 0.79 

Tolerance of Judgement 5 0.77 

Fear of the First Step 4 0.73 
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Efficacy, Creative Self-Identity, and Tolerance of Judgement. Creative Mindset, Engineering Creativity 

Self-Efficacy, and Creative Self-Identity factors were also leptokurtic.  A visual inspection of factor 

means was undertaken, confirming significant negative skewness and leptokurtosis in the Engineering 

Creativity Self-Efficacy factor; however, all other factor means followed relatively normal distributions 

with minor leptokurtosis as determined in Table 20, with skewness and kurtosis outside of acceptable 

ranges denoted by *.   

Table 20  

Descriptive statistics for extracted factors. 

Factor n �̅� s Skewness Kurtosis 

Creative Mindset 265 4.11 0.49 0.41* 3.20* 

Fear of the Messy Unknown 263 3.12 1.03 0.32* -0.11 

Engineering Creativity Self-Efficacy 269 5.17 0.99 -1.24* 2.75* 

Creative Self-Identity 266 4.77 0.70 -0.76* 2.43* 

Tolerance of Judgement 263 5.48 0.91 -0.66* 0.54 

Fear of the First Step 265 4.21 1.09 -0.04 -0.46 

 

 The statistics suggest that participants had relatively neutral creative mindsets with small 

variability. They were fairly unafraid of the messy unknown and had confidence in their engineering 

creativity, both with large variability. On average, students exhibited strong tolerance of judgement in 

engineering with large variability, and slightly identified as creative with a moderate variability.  

Descriptive and Inferential Statistical Analysis by Factor 

 To answer research Question 1, further investigation was completed by factor to examine group 

differences. A 95% confidence interval was used for all analyses. For all following analyses, skewness 

and kurtosis outside of acceptable ranges (± twice the respective standard deviation) are denoted with *. 

P-values indicating statistically significant results and rejection of the null hypothesis are also highlighted 

with *.  

Factor 1 - Creative mindset. Descriptive statistics were calculated for Factor 1 based on 

independent grouping variables, seen in Table 21. Since means were calculated on a 7-point Likert-style 

scale, means close to seven indicate a more fixed creative mindset. Statistics suggest that all groups have 
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a fairly neutral creative mindset with small variation. Leptokurtic distributions, indicative of responses 

more concentrated about the mean, were common among years of study, self-reported problem-solving 

preference and confidence in engineering creativity. Male responses were also leptokurtic.  

Table 21 

Descriptive statistics for Creative Mindset grouped by independent variable. 

Independent Variable Group n �̅� s Skewness Kurtosis 

Gender Female 115 4.10 0.42 0.40 0.26 

 Male 147 4.12 0.55 0.39 3.58* 

Discipline Chemical Science-

Based 

37 4.14 0.41 0.23 0.18 

 Civil Based 37 4.13 0.51 0.57 0.55 

 Electrical-Based 83 4.03 0.50 -0.62* 5.05* 

 Mechanical-Based 64 4.08 0.41 0.26 0.78 

 Other 44 4.26 0.61 1.28* 1.79* 

Year 1 68 4.15 0.57 -0.02 5.82* 

 2 61 4.07 0.47 0.30 -0.23 

 3 56 4.25 0.45 1.28* 2.37* 

 4+ 80 4.01 0.44 0.57 1.15* 

Problem Solving 

Preference 

Closed-Ended 79 4.19 0.53 0.81* 1.67* 

 Neutral 50 4.04 0.38 0.44 1.61* 

 Open-Ended 126 4.09 0.50 -0.04 4.56* 

Confidence in 

Engineering Creativity 

Low 32 4.11 0.45 2.28* 7.01* 

 Moderate 84 4.06 0.40 0.33 0.75 

 High 143 4.12 0.53 0.05 3.51* 

 

 There was no statistical significance in differences between genders (t(262) = -0.32, p = 0.75). 

One-way independent ANOVAs were calculated for each multi-group independent variable. Results are 

shown in Table 22, with post-hoc testing results from the Hochberg’s GT2 in Table 23. Year 4+ students 

exhibited significantly more growth mindset than Year 3 students, with a medium effect size (d = 0.55). 

There were no statistically significant differences for Discipline, Problem Solving Preference, or 

Confidence in Engineering Creativity.  
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Table 22  

One-way ANOVA results for Creative Mindset by independent variable. 

Test Group Source df F p 

Discipline Between Groups 4 1.58 0.18 

 Within Groups 260   

Year Between Groups 3 3.10 0.03* 

 Within Groups 261   

Problem Solving Preference Between Groups 2 1.63 0.20 

 Within Groups 252   

Confidence in Engineering Creativity Between Groups 2 0.37 0.70 

 Within Groups 256   

 

Table 23  

Post-hoc testing results for Creative Mindset by Year. 

Base Group Comparison Group p 

Year 3 Year 1 0.81 

 Year 2 0.20 

 Year 4+ 0.02* 

 
 Creative arts factors were also investigated for group differences. Descriptive statistics for Factor 

1 were calculated for independent creative arts variables, shown in Table 24. These statistics suggest that 

there is a relatively neutral creative mindset (neither fixed nor growth) regardless of creative arts 

involvement frequency, duration, predominant activity, or performance experience. This was confirmed 

through multiple one-way ANOVAs, with results shown in Table 25. Levene’s Test for Homogeneity of 

Variances was non-significant for all groups except Performance Experience, indicating that results must 

be interpreted with caution for this variable. 

Table 24  

Descriptive statistics for Creative Mindset grouped by independent creative arts variable. 

Independent Variable Group n �̅� s Skewness Kurtosis 

Arts Involvement 

Frequency 

None 65 4.06 0.50 -1.27* 6.70* 

 Low 49 4.10 0.57 0.80 1.20 

 High 151 4.13 0.47 1.07* 2.34* 

Arts Involvement 

Duration 

None 64 4.05 0.50 -1.24* 6.62* 
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Independent Variable Group n �̅� s Skewness Kurtosis 

 1-5 years 41 4.13 0.54 0.87* 2.12* 

 6-10 years 61 4.16 0.52 1.36* 2.93* 

 11-15 years 43 4.05 0.45 0.66 0.39 

Arts Involvement 

Duration 

16+ years 56 4.15 0.45 0.32 0.63 

Predominant Childhood 

Activity 

None 101 4.07 0.50 -0.56 4.42* 

 Singing-Music 67 4.22 0.51 1.14* 2.11* 

 Drama-Dance 37 4.05 0.37 0.33 0.76 

 Visual Art-

Photography 

38 4.03 0.43 -0.38 -0.51 

 Other 22 4.21 0.65 1.43* 1.69 

Predominant Teenage 

Activity 

None 89 4.13 0.55 -0.26 4.31* 

 Singing-Music 72 4.11 0.44 0.97* 3.23* 

 Drama-Dance 34 4.04 0.37 0.61 1.07 

 Visual Art-

Photography 

48 4.11 0.54 0.94* 2.42* 

 Other 22 4.13 0.54 0.72 -0.51 

Predominant Adult 

Activity 

None 121 4.09 0.49 -0.36 5.09* 

 Singing-Music 53 4.08 0.50 0.97* 2.30* 

 Drama-Dance 16 4.00 0.32 0.16 -0.62 

 Visual Art-

Photography 

48 4.19 0.52 1.19* 2.45* 

 Other 27 4.18 0.54 0.67 -0.41 

Performance Experience None 66 4.06 0.50 -1.25* 6.61* 

 Participated but did not 

perform 

44 4.22 0.67 1.12* 1.05 

 Performed 155 4.10 0.43 0.45* 0.52 

 

Table 25  

One-way ANOVA results for Creative Mindset by independent creative arts variable. 

Test Group Source df F p 

Arts Involvement Frequency Between Groups 2 0.60 0.55 

 Within Groups 262   

Arts Involvement Duration Between Groups 4 0.69 0.60 

 Within Groups 260   

Predominant Childhood Activity Between Groups 4 1.55 0.19 

 Within Groups 260   

Predominant Teenage Activity Between Groups 4 0.21 0.93 

 Within Groups 260   

Predominant Adult Activity Between Groups 4 0.77 0.55 

 Within Groups 260   
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Test Group Source df F p 

Performance Experience Between Groups 2 1.45 0.24 

 Within Groups 262   

 

Factor 2 – Fear of the messy unknown. Descriptive statistics were calculated for the second 

factor extracted from analysis, the Fear of the Messy Unknown. These statistics were grouped by 

independent variable, seen in Table 26. They suggest that participants are, in general, somewhat unafraid 

of the messy unknown. The variability for all data shown here is large, and there is a positive skew in the 

data for participants who are neutral in problem solving preference. 

Table 26  

Descriptive statistics for Fear of the Messy Unknown grouped by independent variable. 

Independent Variable Group n �̅� s Skewness Kurtosis 

Gender Female 113 3.23 1.03 0.35 -0.32 

 Male 147 3.04 1.02 0.28 0.02 

Discipline Chem Sci Based 37 3.08 1.16 0.23 -0.53 

 Civil Based 36 3.02 1.01 0.13 -0.26 

 Elec Based 81 3.11 0.96 0.19 -0.22 

 Mech Based 65 3.12 1.09 0.53 0.24 

 Other 44 3.24 0.97 0.54 0.13 

Year 1 68 3.22 1.07 0.40 0.09 

 2 63 3.22 0.93 -0.07 -0.01 

 3 56 3.25 1.12 0.48 -0.61 

 4+ 76 2.85 0.96 0.25 -0.01 

Problem Solving 

Preference 

Closed-Ended 79 3.77 0.93 0.11 -0.58 

 Neutral 51 3.13 0.88 0.93* 0.74 

 Open-Ended 123 2.69 0.89 0.06 -0.54 

Confidence in 

Engineering Creativity 

Low 32 3.58 1.21 -0.56 0.19 

 Moderate 83 3.43 0.97 0.38 -0.13 

 High 142 2.82 0.89 0.27 0.43 

 

 There was no statistical significance in responses by gender (t(260) = 1.47, p = 0.14). Multiple 

groups were compared with one-way ANOVAs, with results shown in Table 27. Statistically significant 

differences between groups were examined with the Hochberg’s GT2 post-hoc testing, shown in Table 

28. Participants who preferred open-ended problem solving had statistically significantly less fear of the 
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unknown than students who reported preference for closed-ended problems with large effect size (d = 

1.19), and neutral problem-solving preference with medium effect size (d = 0.50). Students with high 

confidence in their engineering creativity also exhibited less fear of the unknown than low or moderately 

confident students, both with medium effect size ( d = 0.79 and d = 0.66 respectively).  

Table 27  

One-way ANOVA results for Fear of the Messy Unknown by independent variable. 

Test Group Source df F p 

Discipline Between Groups 4 0.25 0.91 

 Within Groups 258   

Year Between Groups 3 2.49 0.06 

 Within Groups 259   

Problem Solving Preference Between Groups 2 34.5 0.00* 

 Within Groups 250   

Confidence in Engineering Creativity Between Groups 2 14.94 0.00* 

 Within Groups 254   

 

Table 28  

Post-hoc testing results for Fear of the Messy Unknown by Problem Solving Preference and Confidence 

in Engineering Creativity. 

Base Group Comparison Group p 

Open-Ended Problem 

Preference 

Closed-Ended Problem 

Preference 

0.00* 

 Neutral Preference 0.01* 

High Confidence Low Confidence 0.00* 

 Moderate Confidence 0.00* 

 

Descriptive statistics were also calculated based on creative arts independent variables, shown in 

Table 29 below. 11-15 Years of arts involvement and Other childhood arts involvement exhibited 

leptokurtic distributions, while High total involvement frequency, Other childhood involvement, and 

Visual Art-Photography adult involvement displayed positive skewness. 
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Table 29  

Descriptive statistics for Fear of the Messy Unknown grouped by independent creative arts variable. 

Independent Variable Group n �̅� s Skewness Kurtosis 

Arts Involvement 

Frequency 

None 65 3.04 0.94 0.61 -0.64 

 Low 47 3.08 1.16 0.15 -0.43 

 High 151 3.16 1.02 0.48* 0.11 

Arts Involvement 

Duration 

None 64 3.02 0.93 0.07 -0.58 

 1-5 years 41 3.25 1.01 -0.31 -0.44 

 6-10 years 59 3.27 1.14 0.30 -0.55 

 11-15 years 42 3.04 0.96 0.77 1.61* 

 16+ years 57 3.04 1.06 0.56 1.06* 

Predominant Childhood 

Activity 

None 99 

 

3.12 1.03 0.14 -0.34 

 Singing-Music 66 3.07 1.03 0.46 -0.15 

 Drama-Dance 37 3.17 1.04 0.19 0.26 

 Visual Art-

Photography 

39 3.22 1.01 0.29 -0.18 

 Other 22 3.02 1.11 1.06* 1.91* 

Predominant Teenage 

Activity 

None 88 3.17 0.96 0.06 -0.53 

 Singing-Music 73 3.17 0.98 0.47 0.01 

 Drama-Dance 34 3.16 1.07 0.10 0.08 

 Visual Art-

Photography 

48 3.06 1.16 0.59 0.06 

 Other 20 2.79 1.11 0.74 1.36 

Predominant Adult 

Activity 

None 120 3.15 0.95 -0.02 -0.37 

 Singing-Music 53 2.99 1.06 0.40 -0.32 

 Drama-Dance 16 3.26 0.94 -0.09 -0.58 

 Visual Art-

Photography 

48 3.25 1.15 1.05* 0.67 

 Other 26 2.92 1.12 -0.04 -0.63 

Performance Experience None 66 2.99 0.95 0.01 -0.52 

 Participated but did not 

perform 

41 3.39 1.03 0.43 -0.24 

 Performed 156 3.10 1.05 0.38 -0.03 
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The results of the ANOVAs for the Fear of the Messy Unknown factor by creative arts variables 

are shown in Table 30. There were no statistically significant differences between any of the creative arts 

test groups.  

Table 30  

One-way ANOVA results for Fear of the Messy Unknown by independent creative arts variable. 

Test Group Source df F p 

Arts Involvement Frequency Between Groups 2 0.35 0.70 

 Within Groups 260   

Arts Involvement Duration Between Groups 4 0.77 0.55 

 Within Groups 258   

Predominant Childhood Activity Between Groups 4 0.20 0.94 

 Within Groups 258   

Predominant Teenage Activity Between Groups 4 0.65 0.63 

 Within Groups 258   

Predominant Adult Activity Between Groups 4 0.73 0.57 

 Within Groups 258   

Performance Experience Between Groups 2 1.96 0.14 

 Within Groups 260   

 

Factor 3 – Engineering creativity self-efficacy. Descriptive statistics were calculated for 

Engineering Creativity Self-Efficacy, grouped by independent variable and shown in Table 31. 

Preliminary analysis suggested that participants tended toward a strong sense of creative self-efficacy, 

with high variability. There was significant presence of leptokurtic distribution throughout all data 

groups, and nearly all had exhibited negative skewness. This suggests that Engineering Creativity Self-

Efficacy is a widely held value among all participants and is intrinsic to the student mindset.  

Table 31  

Descriptive statistics for Engineering Creativity Self-Efficacy. 

Independent Variable Group n �̅� s Skewness Kurtosis 

Gender Female 115 4.98 0.96 -0.98* 1.89* 

 Male 151 5.31 1.00 -1.53* 3.98* 

Discipline Elec Based 85 5.19 0.98 -1.34* 3.60* 

 Mech Based 65 5.24 0.98 -1.37* 4.01* 

 Chem Sci Based 37 5.09 0.90 -0.43 -0.45 

 Civil Based 37 5.42 0.71 -0.36 0.03 

 Other 45 4.91 1.23 -1.13* 1.31 
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Independent Variable Group n �̅� s Skewness Kurtosis 

Year 1 68 5.00 1.11 -1.14* 1.63* 

 2 64 5.09 0.97 -1.24* 3.76* 

 3 56 5.23 0.97 -0.92* 0.69 

 4+ 81 5.34 0.89 -1.60* 6.14* 

Problem Solving 

Preference 

Closed-Ended 80 

 

4.83 0.92 -0.53 0.40 

 Neutral 51 5.17 0.87 -0.69* 0.41 

 Open-Ended 128 5.36 1.05 -1.93* 5.61* 

Confidence in 

Engineering Creativity 

Low 32 3.72 1.20 -0.93* 0.50 

 Moderate 85 4.72 0.68 -0.45 0.48 

 High 146 5.73 0.56 -0.61* 2.27* 

 

There was a significant difference between genders (t(264) = -2.74, p = 0.01), indicating that 

males are significantly more confident in their engineering creativity than females, with small effect size 

(d = 0.34). Results from one-way ANOVAs are presented in Table 32, with results from Hochberg’s GT2 

post-hoc testing in Table 33. Levene’s test for homogeneity of variances was significant for the 

Confidence in Engineering Creativity test group, and thus these results must be interpreted with caution. 

Post-hoc testing revealed that participants with a preference for open-ended problem solving have 

significantly higher levels of Engineering Creativity Self-Efficacy than those who prefer closed-ended 

problems, with a medium effect size (d = 0.53). Participants with high reported confidence in their 

creative ability in engineering also exhibited higher Engineering Creativity Self-Efficacy, with a large 

effect size (d = 2.81). There were also large differences between moderate and high and moderate and low 

groups for this variable, with d = 1.66 and d = 1.17 respectively.  

Table 32  

One-way ANOVA results for Engineering Creativity Self-Efficacy by independent variable. 

Test Group Source df F p 

Discipline Between Groups 4 1.51 0.20 

 Within Groups 264   

Year Between Groups 3 1.69 0.17 

 Within Groups 265   

Problem Solving Preference Between Groups 2 7.42 0.00* 

 Within Groups 256   

Confidence in Engineering Creativity Between Groups 2 131.53 0.00* 
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Test Group Source df F p 

 Within Groups 256   

 

Table 33  

Post-hoc testing results for Engineering Creativity Self-Efficacy by Problem Solving Preference and 

Confidence in Engineering Creativity. 

Base Group Comparison Group p 

Open-Ended Problem 

Preference 

Closed-Ended Problem 

Preference 

0.00* 

 Neutral Preference 0.55 

Low Confidence Moderate Confidence 0.00* 

High Confidence Low Confidence 0.00* 

 Moderate Confidence 0.00* 

 

 Descriptive statistics for Factor 3 based on independent creative arts variables are shown below in 

Table 34. Again, there is significant negative skewness and leptokurtosis in many of the variable 

groupings, suggesting that all students felt they possessed Engineering Creativity Self-Efficacy, 

regardless of group.  

Table 34  

Descriptive statistics for Engineering Creativity Self-Efficacy by independent creative arts variable. 

Independent Variable Group n �̅� s Skewness Kurtosis 

Arts Involvement 

Frequency 

None 67 5.12 0.88 -0.79* 0.48 

 Low 49 5.17 1.12 -1.28* 3.30* 

 High 153 5.20 1.00 -1.38* 3.19* 

Arts Involvement 

Duration 

None 66 5.13 0.89 -0.80* 0.46 

 1-5 years 41 5.30 1.04 -1.71* 6.63* 

 6-10 years 62 5.14 0.93 -0.31 -0.85 

 11-15 years 43 5.25 1.06 -2.06* 5.91* 

 16+ years 57 5.11 1.09 -1.46* 2.99* 

Predominant Childhood 

Activity 

None 103 5.10 1.06 -1.30* 3.02* 

 Singing-Music 68 5.18 1.01 -0.70* 0.10 

 Drama-Dance 37 5.27 0.71 -0.74 0.85 

 Visual Art-

Photography 

39 5.32 0.65 -0.12 0.18 

 Other 22 5.09 1.42 -1.52* 2.10 
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Independent Variable Group n �̅� s Skewness Kurtosis 

Predominant Teenage 

Activity 

None 91 5.11 0.94 -1.34* 3.47* 

 Singing-Music 71 5.22 1.00 -0.77* 0.17 

 Drama-Dance 34 5.16 0.92 -0.92* 1.42 

 Visual Art-

Photography 

48 5.42 0.78 -0.40 -0.15 

 Other 22 4.74 1.46 -1.54* 2.35* 

Predominant Adult 

Activity 

None 123 5.12 0.84 -0.56 0.19 

 Singing-Music 54 5.29 1.03 -0.82 0.61 

 Drama-Dance 16 5.27 1.17 -1.01 1.14 

 Visual Art-

Photography 

49 5.39 0.74 -1.08* 1.57* 

 Other 27 4.71 1.56 -0.45* 1.60 

Performance Experience None 68 5.14 0.88 -0.83* 0.53 

 Participated but did not 

perform 

44 5.14 1.08 -1.69* 4.32* 

 Performed 157 5.20 1.02 -1.23* 2.34* 

 

 One-way ANOVA results for creative arts groups are shown in Table 35. The assumption of 

homogeneity of variances was disproved for Predominant Childhood and Adult Activity groups, and thus 

the results were interpreted with caution. Results from post-hoc testing can be seen in  

. Participants currently involved in Visual Art- Photography are more self-efficacious regarding their 

engineering creativity than participants currently engaged in Other arts activities (creative writing, 

crafting, woodworking, etc.), with medium effect size (d = 0.62). 

Table 35  

One-way ANOVA results for Engineering Creativity Self-Efficacy by independent creative arts variable. 

Test Group Source df F p 

Arts Involvement Frequency Between Groups 2 0.14 0.87 

 Within Groups 266   

Arts Involvement Duration Between Groups 4 0.35 0.84 

 Within Groups 264   

Predominant Childhood Activity Between Groups 4 0.49 0.74 

 Within Groups 264   

Predominant Teenage Activity Between Groups 4 1.97 0.10 

 Within Groups 264   

Predominant Adult Activity Between Groups 4 2.43 <0.05* 

 Within Groups 264   
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Test Group Source df F p 

Performance Experience Between Groups 2 0.12 0.88 

 Within Groups 266   

 

Table 36  

Post-hoc testing results for Engineering Creativity Self-Efficacy by Predominant Adult Activity. 

Base Group Comparison Group p 

Other Involvement No Involvement 0.38 

 Singing-Music Involvement 0.12 

 Drama-Dance Involvement  0.51 

 Visual Art-Photography 

Involvement 

0.04* 

 

Factor 4 – Creative self-identity. The descriptive statistics by independent variable for Creative 

Self-Identity are shown in Table 37 below. They suggest participants generally slightly identified as 

creative, with medium variability. Many distributions by group were leptokurtic, including Chemical 

Science Based disciplines and those with neutral problem-solving preference. Negative skewness was 

also common.  

Table 37  

Descriptive statistics for Creative Self-Identity grouped by independent variable. 

Independent Variable Group n �̅� s Skewness Kurtosis 

Gender Female 114 4.71 0.65 -0.45 1.04* 

 Male 149 4.72 0.72 -0.99* 3.54* 

Discipline Elec Based 84 4.87 0.58 -0.02 0.65 

 Mech Based 65 4.73 0.70 -1.74* 4.54* 

 Chem Sci Based 36 4.56 0.71 0.31 1.82* 

 Civil Based 36 4.88 0.66 -0.67 0.55 

 Other 45 4.70 0.87 -0.70 2.17* 

Year 1 68 4.70 0.71 -1.09* 3.58* 

 2 61 4.83 0.71 -0.12 1.33* 

 3 56 4.76 0.65 -0.82* 0.00 

 4+ 81 4.78 0.72 -0.97* 3.66* 

Problem Solving 

Preference 

Closed-Ended 80 4.52 0.81 -0.30 0.88 

 Neutral 50 4.90 0.55 -0.02 2.34* 

 Open-Ended 127 4.88 0.69 -1.05* 5.27* 
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Independent Variable Group n �̅� s Skewness Kurtosis 

Confidence in 

Engineering Creativity 

Low 32 4.27 0.76 -1.22* 2.86* 

 Moderate 84 4.49 0.67 -0.92* 2.34* 

 High 145 5.02 0.58 -0.18 1.86* 

 

There was no significant difference in responses between genders (t(261) = -1.28, p = 0.20).  

Results of the ANOVAs for Creative Self-Identity are shown in Table 38. Statistically significant 

differences among the Problem Solving Preference and Confidence in Engineering Creativity groups were 

examined with the Hochberg’s GT2 post-hoc test, with results summarized in Table 39. Levene’s test for 

homogeneity of variances was significant for Problem Solving Preference, and results must thus be 

interpreted with caution. Students who preferred closed-ended problems identified as less creative then 

students who preferred open-ended problems, or with no preference. The difference between closed ended 

problem preference and open-ended problem preference was of medium effect (d = 0.53), while closed-

ended and neutral preferences resulted in a small effect size (d = 0.49). Participants with high confidence 

in their engineering creativity identified as more creative then participants with either low or moderate 

confidence, both with large effect size (d = 1.22 and d = 0.86 respectively).  

Table 38  

One-way ANOVA results for Creative Self-Identity by independent variable. 

Test Group Source df F p 

Discipline Between Groups 4 1.69 0.15 

 Within Groups 261   

Year Between Groups 3 0.37 0.77 

 Within Groups 262   

Problem Solving Preference Between Groups 2 8.00 0.00* 

 Within Groups 254   

Confidence in Engineering Creativity Between Groups 2 28.89 0.00* 

 Within Groups 258   
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Table 39  

Post-hoc testing results for Creative Self-Identity by Problem Solving Preference and Confidence in 

Engineering Creativity. 

Base Group Comparison Group p 

Closed-Ended Problem Preference Open-Ended Problem 

Preference 

0.00* 

 Neutral Preference 0.01* 

High Confidence Low Confidence 0.00* 

 Moderate Confidence 0.00* 

 

Groupings based on creative arts variables were also analyzed for Creative Self-Identity, with 

descriptive statistics outlined in Table 40. Here we see that participants generally had high creative self-

identity with medium variability. Both Other and None activity groups exhibited high negative skewness 

and leptokurtosis, as well as None and Low frequency groups, 11-15 Years duration group, those 

involved in Drama-Dance as adults, and participants who Performed or Exhibited their work as part of 

their arts experience. 

Table 40  

Descriptive statistics for Creative Self-Identity grouped by independent creative arts variable. 

Independent Variable Group n �̅� s Skewness Kurtosis 

Arts Involvement 

Frequency 

None 66 4.53 0.74 -0.76* 3.19* 

 Low 48 4.71 0.83 -0.90* 2.59* 

 High 152 4.89 0.60 -0.39 0.76 

Arts Involvement 

Duration 

None 65 4.53 0.74 -0.81* 3.15* 

 1-5 years 41 4.83 0.54 -0.34 -0.07 

 6-10 years 61 4.75 0.67 0.37 0.76 

 11-15 years 42 4.72 0.85 -1.54* 2.56* 

 16+ years 57 5.04 0.57 -0.25 1.59* 

Predominant Childhood 

Activity 

None 100 4.58 0.75 -1.07* 3.45* 

 Singing-Music 68 4.88 0.60 -0.90* 0.74 

 Drama-Dance 37 4.72 0.71 0.34 1.15 

 Visual Art-

Photography 

39 4.99 0.61 0.26 0.98 

 Other 22 4.95 0.68 -1.29* 2.15* 

Predominant Teenage 

Activity 

None 90 4.59 0.72 -0.72* 2.60* 
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Independent Variable Group n �̅� s Skewness Kurtosis 

 Singing-Music 73 4.94 0.61 -0.38 0.89 

 Drama-Dance 34 4.82 0.74 -0.27 1.27 

 Visual Art-

Photography 

47 4.88 0.65 -0.32 0.09 

 Other 22 4.62 0.77 -2.63* 8.86* 

Predominant Adult 

Activity 

None 122 4.59 0.72 -0.53* 2.04* 

 Singing-Music 53 4.84 0.63 -0.45 -0.26 

 Drama-Dance 16 5.03 0.64 -1.17* 3.65* 

 Visual Art-

Photography 

48 5.07 0.55 0.44 0.51 

 Other 27 4.72 0.74 -2.58* 9.61* 

Performance Experience None 67 4.55 0.79 -0.42 2.60* 

 Participated but did not 

perform 

44 4.84 0.63 -0.30 -0.38 

 Performed 155 4.84 0.65 -0.97* 3.07* 

 

One-way ANOVA results can be seen in Table 41. There were significant differences between 

groups in every test group, which were investigated through Hochberg’s GT2 post-hoc tests, as seen in 

Table 42. Participants had higher reported creative self-identity if they were frequently involved in arts 

throughout their life or had been involved for 16+ years, compared to no involvement at all both with 

medium effect size (d = 0.56 and d = 0.721 respectively). Students involved in Singing-Music or Visual 

Art-Photography as children also reported higher levels of creative self-identity than students who did not 

participate in arts as children with small and medium effect size respectively (d = 0.43 and d = 0.57), and 

those who were involved in Singing-Music as teens also identify as more creative than those who were 

not involved in arts as adolescents (with medium effect size, d = 0.52). Current visual artists reported 

higher creative self-identity than those currently uninvolved in arts, again with medium effect size (d = 

0.721). Finally, participants who performed or exhibited as part of their arts involvement had higher 

creative self-identity than those who had never been involved in arts before, with a small effect size (d = 

0.42). 
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Table 41  

One-way ANOVA results for Creative Self-Identity by independent creative arts variables. 

Test Group Source df F p 

Arts Involvement Frequency Between Groups 2 6.48 0.00* 

 Within Groups 263   

Arts Involvement Duration Between Groups 4 4.31 0.00* 

 Within Groups 261   

Predominant Childhood Activity Between Groups 4 3.931 0.00* 

 Within Groups 261   

Predominant Teenage Activity Between Groups 4 3.23 0.01* 

 Within Groups 261   

Predominant Adult Activity Between Groups 4 5.28 0.00* 

 Within Groups 261   

Performance Experience Between Groups 2 4.54 0.01* 

 Within Groups 263   

 

Table 42  

Post-hoc testing results for Creative Self-Identity by Arts Involvement Frequency, Arts Involvement 

Duration, Predominant Childhood Activity, Predominant Teenage Activity, Predominant Adult Activity, 

and Performance Experience. 

Base Group Comparison Group p 

No Involvement Low Frequency 0.40 

 High Frequency 0.00* 

No Involvement 1-5 Years 0.27 

 6-10 Years 0.52 

 11-15 Years 0.84 

  16+ Years 0.00* 

No Childhood Involvement Singing-Music Involvement <0.05* 

 Drama-Dance Involvement 0.96 

 Visual Art-Photography 

Involvement 

0.01* 

 Other Involvement 0.18 

No Teenage Involvement Singing-Music Involvement 0.01* 

 Drama-Dance Involvement 0.65 

 Visual Art-Photography 

Involvement 

0.18 

 Other Involvement 1.00 

No Adult Involvement Singing-Music Involvement 0.24 

 Drama-Dance Involvement 0.14 

 Visual Art-Photography 

Involvement 

0.00* 

 Other Involvement 0.99 



 

95 

 

Performed Not Involved 0.01* 

 Involved but did not Perform 1.00 

 

Factor 5 – Tolerance of judgement. Descriptive statistics for Factor 5, Tolerance of Judgement 

grouped by independent variable are shown in Table 43. Generally, participants exhibited high levels of 

tolerance of judgement in engineering, with negative skewness and leptokurtosis in Male, Open-Ended 

problem-solving preference, and High confidence groups. Negative skewness was also exhibited by 

Female, Other engineering discipline, Year 4+, and Neutral problem-solving preference groups.  

Table 43  

Descriptive statistics for Tolerance of Judgement grouped by independent variable. 

Independent Variable Group n �̅� s Skewness Kurtosis 

Gender Female 114 5.35 0.90 -0.56* 0.38 

 Male 146 5.58 0.91 -0.79* 0.91* 

Discipline Elec Based 81 5.49 0.85 -0.49 1.15 

 Mech Based 64 5.68 0.89 -0.59 -0.41 

 Chem Sci Based 37 5.32 1.01 -0.55 -0.45 

 Civil Based 37 5.71 0.68 -0.17 -0.60 

 Other 44 5.09 1.04 -0.74* 0.55 

Year 1 68 5.19 0.99 -0.49 0.59 

 2 61 5.50 0.87 -0.61 0.32 

 3 56 5.66 0.79 -0.58 0.05 

 4+ 78 5.58 0.91 -0.78* 0.83 

Problem Solving 

Preference 

Closed-Ended 80 5.20 0.90 -0.20 0.41 

 Neutral 51 5.39 0.91 -0.75* 0.77 

 Open-Ended 122 5.68 0.89 -1.05* 1.52* 

Confidence in 

Engineering Creativity 

Low 31 4.95 1.01 -0.08 0.42 

 Moderate 85 5.13 0.82 -0.33 -0.03 

 High 141 5.79 0.84 -1.21* 2.50* 

 

 There was a statistical difference in responses by gender with small effect size (d = 0.25), with 

males reporting higher levels of Tolerance of Judgement in engineering (t(258) = -2.02, p = 0.04). One-

way ANOVA results for Factor 4 are shown in Table 44. The assumption of homogeneity of variances 

was not satisfied for Problem Solving Preference, so results for this test group should be viewed with 

caution. Post-hoc testing was conducted using the Hochberg’s GT2 test, with results shown in Table 45. 
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Closed-Ended Problem preferring participants had statistically lower Tolerance of Judgement than those 

who were Neutral or preferred Open-Ended Problems, with small and medium effect sizes, respectively (d 

= 0.21 and d = 0.54). Those with High Confidence in their engineering creativity also had statistically 

higher levels of judgement tolerance than those with low or moderate confidence, with large and medium 

effect sizes, respectively (d = 0.96 and d = 0.79). 

Table 44  

One-way ANOVA results for Tolerance of Judgement by independent variable. 

Test Group Source df F p 

Discipline Between Groups 4 1.69 0.15 

 Within Groups 261   

Year Between Groups 3 0.37 0.77 

 Within Groups 262   

Problem Solving Preference Between Groups 2 8.00 0.00* 

 Within Groups 254   

Confidence in Engineering Creativity Between Groups 2 28.89 0.00* 

 Within Groups 258   

 

Table 45  

Post-hoc testing results for Tolerance of Judgement by Problem Solving Preference and Confidence in 

Engineering Creativity. 

Base Group Comparison Group p 

Closed-Ended Problem Preference Open-Ended Problem 

Preference 

0.01* 

 Neutral Preference 0.00* 

High Confidence Low Confidence 0.00* 

 Moderate Confidence 0.00* 

 

 Descriptive statistics were also calculated and analyzed by independent creative arts variable, 

shown in Table 46. Again, we see that typically all students have high tolerance for judgement in 

engineering with medium to high variability. There are instances of negatively skewed and leptokurtic 

distributions, particularly with High frequency involvement, 16+ year duration involvement, Other 

childhood activity involvement, teenage involvement in Singing-Music and Visual Art-Photography, and 

adult involvement in Visual Art-Photography. 
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Table 46  

Descriptive statistics for Tolerance of Judgement grouped by independent creative arts variable. 

Independent Variable Group n �̅� s Skewness Kurtosis 

Arts Involvement 

Frequency 

None 65 5.46 0.91 -0.19 -1.00 

 Low 48 5.57 0.98 -0.87* 0.85 

 High 150 5.45 0.90 -0.82* 1.24* 

Arts Involvement 

Duration 

None 64 5.49 0.90 -0.21 -0.95 

 1-5 years 41 5.65 0.84 -0.35 -0.50 

 6-10 years 59 5.22 1.02 -0.65* 0.61 

 11-15 years 43 5.61 0.70 -0.03 -0.06 

 16+ years 56 5.50 0.98 -1.14* 1.41* 

Predominant Childhood 

Activity 

None 99 5.48 0.93 -0.27 -0.43 

 Singing-Music 67 5.58 0.77 -0.81* 1.10 

 Drama-Dance 37 5.32 0.87 -0.37 -0.84 

 Visual Art-

Photography 

39 5.48 1.03 -0.91* 1.00 

 Other 21 5.38 0.92 -1.43* 2.88* 

Predominant Teenage 

Activity 

None 89 5.51 0.89 -0.26 -0.89 

 Singing-Music 74 5.54 0.83 -1.10* 1.86* 

 Drama-Dance 34 5.32 0.90 0.12 -1.05 

 Visual Art-

Photography 

48 5.39 1.06 -1.08* 1.84* 

 Other 18 5.56 0.98 -0.68 0.57 

Predominant Adult 

Activity 

None 121 5.49 0.85 -0.24 -0.73 

 Singing-Music 54 5.48 1.06 -0.95* 0.90 

 Drama-Dance 16 5.36 0.83 -0.31 -0.83 

 Visual Art-

Photography 

48 5.39 0.96 -1.19* 2.30* 

 

 Other 24 5.66 0.91 -0.45 -0.30 

Performance Experience None 66 5.48 0.93 -0.20 -0.98 

 Participated but did 

not perform 

42 5.43 1.03 -1.43* 2.42 

 

 Performed 155 5.49 0.88 -0.58* 0.44 

 

ANOVA results for the Tolerance of Judgement factor by creative arts variables are shown in 

Table 47. There were no statistically significant differences in Factor 5 between groups for any test 

groups. 
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Table 47  

One-way ANOVA results for Tolerance of Judgement by independent creative arts variable. 

Test Group Source df F p 

Arts Involvement Frequency Between Groups 2 0.29 0.75 

 Within Groups 260   

Arts Involvement Duration Between Groups 4 1.78 0.13 

 Within Groups 258   

Predominant Childhood Activity Between Groups 4 0.51 0.73 

 Within Groups 258   

Predominant Teenage Activity Between Groups 4 0.48 0.75 

 Within Groups 258   

Predominant Adult Activity Between Groups 4 0.39 0.81 

 Within Groups 258   

Performance Experience Between Groups 2 0.08 0.93 

 Within Groups 260   

Factor 6 – Fear of the first step. For the final factor, descriptive statistics were calculated and 

can be seen in Table 48. Results indicate relatively neutral levels of fear of the first step among 

participants with high variability, and normally distributed data across all test groups.  

Table 48  

Descriptive statistics for Fear of the First Step grouped by independent variable. 

Independent Variable Group n �̅� s Skewness Kurtosis 

Gender Female 115 4.39 1.04 -0.01 -0.55 

 Male 147 4.07 1.12 -0.01 -0.47 

Discipline Elec Based 82 4.18 1.07 -0.26 -0.61 

 Mech Based 65 4.20 1.04 0.06 -0.49 

 Chem Sci Based 37 4.29 1.17 0.21 -0.48 

 Civil Based 37 4.09 1.10 -0.37 0.13 

 Other 44 4.32 1.15 0.12 -0.65 

Year 1 68 4.45 1.03 -0.04 -0.46 

 2 63 4.34 1.09 -0.10 -0.51 

 3 56 4.18 1.11 0.16 -0.68 

 4+ 78 3.93 1.08 -0.12 -0.25 

Problem Solving 

Preference 

Closed-Ended 80 4.47 1.03 -0.12 -0.35 

 Neutral 51 4.52 1.00 0.29 -0.46 

 Open-Ended 124 3.91 1.11 0.07 -0.61 

Confidence in 

Engineering Creativity 

Low 32 4.74 1.25 -0.61 -0.45 

 Moderate 85 4.62 0.89 0.32 -0.37 

 High 142 3.84 1.04 0.05 -0.57 
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There was a statistically significant difference between genders with small effect size (d = 0.3), 

with Female participants reporting higher levels of Fear of the First Step than Males (t(260) = 2.34, p = 

0.02). Results from one-way ANOVAs are presented in Table 49. Levene’s statistic was significant for 

Confidence in Engineering Creativity test groups, and caution was used when interpreting these results. 

Results from post-hoc testing using Hochberg’s GT2 are shown in Table 50. Significant differences 

between groups were found for Year, Problem Solving Preference, and Confidence in Engineering 

Creativity. Participants in their first year of study reported statistically higher levels of Fear of the First 

Step than students in Year 4+, with small effect size (d = 0.49). Open-Ended Problem solvers tolerated 

the first step statistically more than Closed-Ended Problem solvers or those with no preference, both with 

medium effect sizes (d = 0.52 and d = 0.56 respectively). There were medium to large statistical 

differences between participants with High Confidence in their engineering creativity and those with Low 

or Moderate confidence (d = 0.83 and d = 0.79 respectively), with High Confidence participants 

reporting lower levels of Fear of the First Step.  

Table 49  

One-way ANOVA results for Fear of the First Step by independent variable. 

Test Group Source df F p 

Discipline Between Groups 4 0.29 0.88 

 Within Groups 260   

Year Between Groups 3 3.22 0.02* 

 Within Groups 261   

Problem Solving Preference Between Groups 2 9.51 0.00* 

 Within Groups 252   

Confidence in Engineering Creativity Between Groups 2 20.42 0.00* 

 Within Groups 256   
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Table 50  

Post-hoc testing results for Fear of the First Step by Year, Problem Solving Preference, and Confidence 

in Engineering Creativity. 

Base Group Comparison Group p 

Year 1 Year 2 0.99 

 Year 3 0.66 

 Year 4+ 0.02* 

Open-Ended Problem 

Preference 

Closed-Ended Problem Preference 0.00* 

 Neutral Preference 0.00* 

High Confidence Low Confidence 0.00* 

 Moderate Confidence 0.00* 

 

For Factor 6, descriptive statistics were also calculated for independent creative arts variables, 

summarized in Table 51. We see generally neutral attitude toward the first step from these statistics with 

large variability. There was normal data distribution across all variable groups.  

Table 51  

Descriptive statistics for Fear of the First Step grouped by independent creative arts variables. 

Independent Variable Group n �̅� s Skewness Kurtosis 

Arts Involvement 

Frequency 

None 65 4.13 1.01 0.05 -0.26 

 Low 48 4.17 1.08 -0.07 -0.84 

 High 152 4.26 1.13 -0.09 -0.40 

Arts Involvement 

Duration 

None 64 4.13 1.02 0.04 -0.30 

 

 1-5 years 41 4.09 0.89 0.15 -0.14 

 6-10 years 60 4.33 1.07 -0.03 -0.13 

 11-15 years 43 4.32 1.01 -0.05 -0.49 

 16+ years 57 4.18 1.37 -0.14 -1.04 

Predominant Childhood 

Activity 

None 99 4.16 1.00 0.04 -0.44 

 

 Singing-Music 68 4.37 1.07 0.00 -0.33 

 Drama-Dance 37 4.45 1.16 -0.32 -0.41 

 Visual Art-

Photography 

39 4.09 1.12 -0.27 0.00 

 Other 22 3.78 1.28 0.49 -0.69 

Predominant Teenage 

Activity 

None 89 4.18 1.02 -0.04 -0.35 

 Singing-Music 74 4.33 1.12 0.00 -0.47 

 Drama-Dance 34 4.41 1.13 -0.37 -0.40 
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Independent Variable Group n �̅� s Skewness Kurtosis 

 Visual Art-

Photography 

48 4.04 1.09 -0.15 0.09 

 Other 20 3.99 1.20 0.41 -1.11 

Predominant Adult 

Activity 

None 121 4.27 1.03 -0.05 -0.51 

 Singing-Music 54 4.15 1.15 -0.13 -0.34 

 Drama-Dance 16 4.28 1.08 -0.48 -0.01 

 Visual Art-

Photography 

48 4.18 1.12 0.00 -0.48 

 Other 26 4.06 1.23 0.42 -0.21 

Performance Experience None 66 4.11 1.02 0.03 -0.34 

 Participated but did not 

perform 

42 4.31 1.23 -0.13 -0.94 

 Performed 157 4.23 1.08 -0.07 -0.29 

 

ANOVA results for Fear of the First Step are shown in Table 52. The assumption of homogeneity 

of variances was not met for Arts Involvement Duration. There were no statistically significant 

differences among any test groups.  

Table 52  

One-way ANOVA results for Fear of the First Step by independent creative arts variable. 

Test Group Source df F p 

Arts Involvement Frequency Between Groups 2 0.35 0.71 

 Within Groups 262   

Arts Involvement Duration Between Groups 4 0.50 0.74 

 Within Groups 260   

Predominant Childhood Activity Between Groups 4 1.85 0.12 

 Within Groups 260   

Predominant Teenage Activity Between Groups 4 1.02 0.40 

 Within Groups 260   

Predominant Adult Activity Between Groups 4 0.30 0.88 

 Within Groups 260   

Performance Experience Between Groups 2 0.45 0.64 

 Within Groups 262   

 

Non-parametric testing. High skewness and kurtosis results in test groups gave rise to concerns 

of non-normality in the data. Thus, non-parametric tests were completed to test the assumption of normal 

distribution. The Mann-Whitney U Test was done to compare factors by gender groups, and separate 
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instances of the Kruskal-Wallis H Test were completed for all other group comparisons (Field, 2013). 

Results for all factors reflected the same significant differences obtained through parametric testing, 

except Discipline and Year variables in the Tolerance of Judgement Factor. Results which differed from 

parametric tests are shown in Table 53 below, with post-hoc pairwise comparison results in Table 54. The 

Bonferroni correction for multiple tests was applied to all post-hoc results, and the non-parametric effect 

size η2 was calculated and transformed into the more familiar Cohen’s d (Field, 2013). These results 

suggest that the assumption of normality is not upheld for these test groups, leading to significant 

differences which are not present in parametric investigation. Those enrolled in Mechanical-Based 

programs exhibit statistically higher Tolerance of Judgement than those in Other programs (mainly 

general first year), with large effect size (d = 0.87). Year 3 participants similarly showed higher 

Tolerance for Judgement than first year students, with large effect size (d = 0.86). Because the assumption 

of normality has been disproved for these test groups, non-parametric results will be used for Discipline 

and Year variables in the Tolerance of Judgement factor. 

Table 53  

Kruskal-Wallis H Test results that differ from parametric one-way ANOVAs for the Tolerance of 

Judgement factor. 

Null Hypothesis p Decision 

The distribution of Tolerance of Judgement is the same 

across categories of Discipline 

0.02* Reject the null hypothesis 

The distribution of Tolerance of Judgement is the same 

across categories of Year 

0.02* Reject the null hypothesis 

 

Table 54  

Post-hoc non-parametric testing results for Tolerance of Judgement by Discipline and Year independent 

variables. 

Base Group Comparison Group p 

Other Electrical-Based 0.76 

 Mechanical-Based 0.02* 

 Chemical Science-Based 1.00 

 Civil-Based 0.09 

Year 1 Year 2 0.40 
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Base Group Comparison Group p 

 Year 3 0.03* 

 Year 4+ 0.06 

 

Open-Ended Survey Item Analysis  

 Student definitions of engineering creativity were analyzed using an open inductive coding 

approach to develop categories of response. A frequency analysis was then performed to determine the 

most common categories in participant responses. There were 260 responses to the open-ended question, 

with the emergence of 9 unique categories. There were 465 total references to the categories in participant 

responses. Emergent categories and frequency data are shown in Table 55. Generally, students described 

processes (the first emergent theme) that resulted in a solution of some desired quality (the second 

emergent theme).  

Table 55  

Inductive coding results for engineering creativity definition (n=260). 

Theme Category Frequency Percent 

Process Problem Solving 141 30.26 

 Design 29 6.22 

 Interdisciplinary Thinking 24 5.15 

 Application of Knowledge  23 4.94 

 Idea Generation 9 1.93 

 Adaptation 8 1.72 

Quality Uniqueness 111 23.82 

 Novelty 84 18.03 

 Effectiveness 36 7.73 

 

One-on-One Interview Analysis 

 Interview participant demographic information and pseudonyms are available in Table 56. 

Inductive coding was done on the 21 student interview transcripts, resulting in the creation of over 80 

coding categories. These categories were reduced and conglomerated into groups with similar intent and 

content. These groups were analyzed for patterns, culminating in the emergence of 4 main themes from 
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the data. Themes were: (a) The Essence of Creativity; (b) Learning Creativity; (c) Creativity Barriers; and 

(d) Personal Development. 

Table 56  

Pseudonyms and demographic information of interview participants. 

Name Gender Engineering Discipline Year of Study 

Anne Female Civil-Based 1 

Catherine Female Other 1 

Edward Male Other 1 

Grace Female Civil-Based 1 

Cordelia Female Mechanical-Based 2 

Elinor Female Mechanical-Based 2 

Frank Male Civil-Based 2 

Henry Male Electrical-Based 2 

John Male Civil-Based 2 

Marianne Female Chemical Science-Based 2 

Michael Male Electrical-Based 2 

Timothy Male Mechanical-Based 2 

Charles Male Electrical-Based 3 

Fiona Female Civil-Based 3 

Frederick Male Mechanical-Based 3 

Lydia Female Civil-Based 3 

Mary Female Mechanical-Based 3 

Brandon Male Mechanical-Based 4+ 

Jane Female Chemical Science-Based 4+ 

Penelope Female Mechanical Based 4+ 

William Male Electrical-Based 4+ 
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The essence of creativity. Participants identified many factors which addressed what it means to 

be creative, both as identity and in conjunction with engineering or artistic pursuits. The category and 

theme breakdown is shown in Figure 8. Discussion centered around student identification as creative, and 

the experience or meaning of creativity in both engineering and artistic contexts. 

 

Creative identity. Creative identity was an important theme of discussion amongst participants. 

This sub-theme encompasses student identification as creative, as well as what makes up that creative 

Figure 8. Diagram showing category and theme breakdown for The Essence of Creativity, with dotted 

lines representing categories applicable to two sub-themes. 
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identity. Anne summarized student opinion, stating “it’s your creativity that really sets you apart from 

everyone else”. Frank also discussed that his creativity was an important part of who he was, saying 

“when you can progress in that creative aspect and show how you’re different and how you’re unique and 

build your own personality through that. I think there’s an identity attached to it”.  This creative identity 

was seen as a positive thing by students, as Anne said, encouraging them to “be who you are and think the 

way you want to”.  

Participants often associated this creative identity with a sense of wonder and imagination. 

Catherine compared creativity to a “sense of wonder and imagination”, while Anne identified as creative 

with “I guess I’m a bit of a dreamer”. This sense of curiosity is important in creative individuals, Grace 

posited, “I think a person who is creative has to have a curiosity in everything”. Frederick self-identified 

as creative because he takes “joy and feel most myself when I am in positions of making new things … 

that’s what gets me excited on a day to day basis”.  

`When asked if they considered themselves to be creative people, most participants answered in 

the affirmative. It was also very common for students to use their involvement in artistic activities to 

judge their creativity. Catherine, for instance, considered herself creative because “I’ve always been really 

heavily involved in the arts”, while Lydia explained that “my hobbies are very creative”. Most 

participants, though, recognized the limitations of creative identification in that way. When asked if she 

would consider herself a creative person, Mary stated “I guess I’d go with yes on that. I’ve done a lot of 

arts and that’s usually what people use to qualify a creative person”. Some students, like Edward, did 

consider themselves creative in some instances, but struggled with identifying as such because they don’t 

possess artistic talent, “My mom always tells me I am creative. I don’t think I’m creative. I love music, I 

don’t necessarily love visual arts… I would say I’m not creative, but I try to be creative.”  When asked to 

explain why he doesn’t think he is very creative, Edward stated: 

It’s sort of a shallow answer. I’ve never had an incredible talent for anything that someone would 

consider a creative art. ... So I guess the reason why I say maybe I wouldn’t be creative is that I 
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don’t necessarily have the skills, … or the natural inclinations…. But at the same time… I try to 

force myself to be more creative. 

This association between creativity and artistic talent reinforces a commonly held stereotype, with 

participants either limiting or expanding their understanding of their own creativity. 

Just as participants tended to understand their own creativity in terms of artistic pursuits, students 

often had a disconnect between identification as a generally creative person and identification as a 

creative person in engineering. Elinor spoke to her own creativity, saying: 

I feel like I am more creative in my engineering side than in my music side. In my music class I 

had to once create a piece and honestly it was really bad. I tried my best but I don’t have musical 

creativity I guess? 

 Students tended to consider artistic creativity when asked about their general creativity, and when asked 

about creativity in engineering often had varied perceptions of their creative ability. Penelope believed 

that “outside of engineering I think I’m more creative. Cause I think at least there are aspects of 

engineering that are creative, but I love to do arts and crafts I guess”. As seen here, some students had a 

hard time judging whether they were creative in engineering because of lack of opportunity to test their 

creativity. Anne identified as a generally creative person, but when asked if she would consider herself a 

creative engineer, replied “It’s hard to say. I haven’t really had that many opportunities to be all that 

creative so far”. Many students identified their inherent bias toward considering creativity as an artistic 

pursuit. Edward said that “I guess in my mind it’s separate but it’s not different”. This divisive mindset 

between general and engineering creativity is an important point for consideration when examining 

creative identity and self-concept in students.  

Several factors emerged as influencing this division in creative identification. Timothy also struggled to 

self-identify as creative even though he has high levels of arts involvement in music and drama. He 

discussed this struggle as stemming from  
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the bias of relating myself to the [creative] people…that come to mind. [If] I think I am a creative 

person, let me compare myself to creative people. And the ones that come to mind are like 

superstars, the biggest musicians or the biggest artists or whatever. So compared to that I don’t 

think so.  

 Jane discussed how her self-concept of creativity is influenced by creative stereotype: 

If you asked me outside of the context of where I’m already thinking about it then I would 

probably say that I’m not a particularly creative person, because in my mind when you say 

creative person I’m thinking you know – arts and less engineering. Which is maybe not – I think 

that’s probably a false conception of people, and weirdly I don’t think of myself as a particularly 

artsy person, even though I have quite a long history of being involved in music and dance and 

things, I nonetheless don’t… If I analyze it I wouldn’t say I’m not a creative person, but I don’t 

usually think of myself as such.  

The conception of engineering as a non-creative discipline was a common theme of discussion. Jane went 

on to elaborate on her experience with this mindset:  

I feel like in high school we kind of separate the math and science from English or performing 

arts or things. Which maybe isn’t the ideal way to do that, but it’s the stereotype that I’ve picked 

up along the way, whether from teachers or society in general, that there’s kind of tech people 

and there’s creative people.  

Fiona was of the opinion that creativity in engineering was sometimes undervalued, due to a 

misunderstanding of what engineering entails: 

I think when people are really good at math, people are like ‘oh you should go into engineering’ 

or ‘you’re really good at physics you should go into engineering’. But people who are more 

creative, people tell you that you shouldn’t go into engineering, but instead that you should be 

like a dancer or an artist or something. I think it’s just people’s perception of engineering. In my 

experience a lot of people don’t understand what engineering is. 
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Participants did not conform to these stereotypical notions of engineering but did find that it influenced 

what creativity they thought was possible in engineering.  

Engineering creativity. Participants all gave various explanations of what they thought were key 

factors or experiences in engineering creativity. Most of the responses focused on the way in which 

creativity was useful or important in engineering, or the qualities important to successful engineering 

creativity, rather than the experience or feeling of being creative in engineering.  

Engineering creativity was almost always referred to as a necessity for problem solving. Henry 

believed creativity is important in engineering, “because engineering is mostly problem solving. There 

are many aspects of it that tend to be formulaic, but a lot of it isn’t. Cause there’s not always – the 

solution isn’t given to you”. Jane described creativity as being necessary to find solutions to original 

problems: 

[Creativity] is an important part of the design process. If engineering didn’t have any creativity it 

would be a different profession. …There’s a big difference between putting together an Ikea desk 

versus designing and building a desk. So I think that creativity in engineering is important in 

order to find better solutions to problems or find solutions that are better suited to a particular 

environment.  

John pronounced creativity as necessary to developing innovative solutions, “I think with engineering, 

there’s a lot of room for innovation and creativity kind of goes alongside that”. This attitude of making 

things better through engineering creativity was common amongst participants. Frederick described 

creativity as the heart of engineering problem solving to improve products and systems: 

My motivation for engineering is the opportunity to build things that solve particular problems. 

Creativity gets to the heart of that, cause… Here’s a thing that’s not as efficient as it could be, or 

a system that is not really operating effectively, or a gap in our current situation that could be 

improved, and my job in engineering is to fill that gap somehow. 
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All participants believed that creativity was an important trait in engineering. However, this was 

not necessarily the case with engineering education. Several participants identified that it was possible to 

succeed academically without being creative in their engineering work in the classroom. Frank 

highlighted that creativity is important in engineering, “depend[ing] on what you’re doing. I run into a lot 

of people who are doing perfectly fine in an academic sense without ever having to apply creative 

knowledge”. Mary discussed the disparity between the skillset required in engineering education and that 

that was valued in her co-op work experience: 

You could get through your whole degree and pass all your courses without being creative. That 

really is a bad thing. I’ve done a couple of co-ops already, and no one knows the answer to the 

issues you’re going to face, that’s why they’re giving them to you. If they knew the answer they’d 

just do it. You’re going to definitely have new problems that you have to research, you have to go 

through kind of the creative process or the engineering process in order to find solutions for.  

This disconnect is an important one to recognize and was a common view point among participants. The 

implications of this are discussed further when examining Creativity Barriers.  

 Seeing things in a different way was a commonly touted characteristic of engineering creativity, 

often referred to as “thinking outside the box”. This was generally discussed in the context of problem 

solving and idea generation. For instance, Catherine discussed her experience with a design project in her 

undergraduate education: 

I like to think I think outside of the box. Like for our brainstorming experiment we were asked to 

think about different ways that we could land a mars rover, and everyone is just like ‘use rockets 

dummy’. But like what if we put it inside a bubble? 

Brandon believed he was creative because “I see different solutions that other people wouldn’t see”. 

Charles discussed how his method of problem solving was what he considered to be creative: 

I see with my classmates, when it comes to school, they take what they’ve been taught, they follow 

the process to get the answer, and then regurgitate the material. Whereas I’m not really that kind 
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of person. I usually look at what they’re teaching me and then when it comes to finding a 

solution, I usually work the solution out from my understanding of the material rather than my 

understanding of the process. So oftentimes I find the way I end up solving problems is quite 

different, because it tends to be a solution that I came up with myself rather than the solution I 

was explicitly shown.  

Being able to approach problems in a different way was also discussed in conjunction with making 

connections between things that may not be obvious. William described his problem-solving strategy, “I 

tend to approach my problems more of looking at a problem in a more abstract environment”, where 

Frederick defined creativity as “the ability to reorder information in a way that you haven’t necessarily 

seen it before, like to recombine information”. Combining and connecting information to solve problems 

and produce solutions was often used to describe creativity in engineering.  

 Participants discussed idea generation as necessary in engineering creativity, and often referred to 

creativity as “putting forward ideas”. Having lots of ideas was seen as an important characteristic -as 

Brandon put it, “being a good engineer, you have to be able to find a solution to an open-ended problem. 

To be a great engineer you have to be able to find five solutions and figure out which one is best”. 

Timothy felt that he was more creative than most of his peers, because he was “the one putting out a lot of 

ideas”, while Frank found quantity of ideas an important aspect of creativity, because “if you’re trying to 

build a bridge there are a ton of different ways, places, methods to choose and without being able to 

explore all those options you’re not going to be able to make the best choice”.  

 The quality of the ideas themselves was also discussed by participants, often stipulating that the 

ideas should be new or different in some way to really be creative. Charles discussed the importance of 

creativity in engineering in terms of developing new things, “a lot of the stuff we have today is made by 

people who had new ideas, so if we didn’t have creative engineers, a lot of that stuff wouldn’t exist”. 

Grace reinforced this view, explaining how societal progress is a result of creativity: 
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Without creativity we wouldn’t have people in all the fields of engineering creating anything new, 

so we wouldn’t be going forward as a society if we didn’t have people who are creative and 

thinking of new things, and that’s the whole essence of engineering. 

Some students described these creative ideas as being wild or crazy. In her creative process, 

Catherine described how she uses her younger brother as inspiration to come up with new ideas, “trying 

to think like him, like… what’s the wildest thing you could think of and how could we make that 

happen?”. Elinor connected innovation and new ideas to having crazy ideas and hoping for the best, 

“Like innovation comes from trying new things, making mistakes, doing crazy things, hoping it doesn’t 

explode”. Frederick spoke about how having wild ideas was useful when trying to be creative, “I take 

pride in having creative and outlandish ideas, because to me it serves the purpose of being able to 

improve the creativity of things”. He found the balance between mundane and wild ideas an important 

one to explore when problem solving, because outlandish ideas were often useful to get others to think 

more creatively: 

Even if this idea is way out there and super crazy, maybe the best solution is somewhere between 

that and what we have right now. I like to encourage… that balancing act between something 

that’s really out there and innovative and also actually being able to solve the problem effectively  

This raises another interesting point – the balance between innovation and effective solutions. 

Participants often mandated effective solutions as necessary to creativity in engineering. As 

Edward stated, creativity is “an opportunity to think differently and to think of an idea that perhaps no 

one has done before and see whether it could be useful to other people”. The applicability of ideas in 

engineering was outlined by Elinor, “scientists are creative and discover new things, but engineers have 

to be more creative and say how can we make this stable and apply it in our everyday life and make it 

useful”. Frederick described how feasible solutions are necessary for a good engineer, “if you have an 

outlandish idea but you can’t make it in reality, you might be a creative engineer, but you’re not being a 

very good one”. The struggle of this balance between “creative” ideas and “feasible” ideas was often 
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discussed by participants, particularly in their own self-concept as successfully creative. Edward felt 

confident that he would be able to propose new ideas, but not as confident that those ideas would be 

‘good’ or ‘useful’, “I’m confident in my ability to be creative, but I’m not confident in whether my ideas 

will be useful to solve a problem”. Mary highlighted the lack of opportunity for testing ideas in her 

education as a hindrance for her identification as creative in engineering:  

I guess in previous projects I’ve been able to come up with those ideas. Whether those ideas have 

been good or not has been very objective. Because I mean in a lot of our engineering projects 

there isn’t… You might make a design and just never apply it. You might never test it. 

The concepts of generation of useful and novel ideas and solutions through problem solving were woven 

throughout almost all participant responses, summarizing student opinion on the nature of engineering 

creativity. 

 Part of the usefulness of an idea was the ability of the engineer to communicate or convey those 

ideas, which was often referred to as an important aspect of creativity in engineering. Communication 

skills were often discussed by participants as necessary to fully engage in creativity successfully. Cordelia 

discussed the importance of communication for creativity in engineering, “ideas are only important if 

they’re shared. If you just sit in your room and think all these great things and write them down it’s not 

gonna matter unless there’s someone there to listen and critique and implement it”. This concept was 

generally tied to the usefulness of creative concepts or solutions. Frederick stated that communication 

between fields was necessary for true engineering creativity, “if your communication skills and ability to 

interact with people who aren’t in your field are poor, then that limits your ability to be creative as an 

engineer”, while Marianne bemoaned the lack of emphasis on communication in her engineering degree:  

I wish we had more classes on just design but also engineering communications, that will help in 

the world, like when we’re in engineering and working with people. I think that’s another aspect 

of creativity that is really missing from school.  
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Ultimately, Mary succinctly summarized participant opinion on the nature of engineering creativity being 

tied to communication, “I think it takes a lot of being able to put your ideas out there. I think that’s the 

key point. Like even if you have ideas you have to be able to share them and communicate them”. The 

factors influencing communication ability are discussed further in Creativity Barriers.  

Artistic creativity. Contrary to responses about engineering creativity, most discussion about 

creativity in arts activities focused on the experience and feeling of being creative in art. Participants 

spoke about the value of arts activities because it is, as Anne described, “kind of like an escape from 

thinking hard”. Fiona spoke about playing piano and being able to relax, “my mind kind of just drifts, so if 

I was upset that I didn’t do very well on a test (which is a lot), it’s nice to just sit and play and forget 

about it, and it helps me forget”.  

Penelope elucidated on how she found art valuable because it was so different than her academic 

involvement: 

It’s not as mentally exhausting because it’s not, I guess, figuring out a problem. So like if you’re 

drawing something you’re just kind of like pouring whatever’s in your head onto a page instead 

of trying to think of what you’re doing? You’re not actively necessarily thinking about what 

you’re doing, you’re kind of just pouring yourself out. 

The concept of emotional and personal expression Penelope highlighted was recurrent throughout 

participant interviews, regardless of creative arts activity. Frederick explained that playing music is “kind 

of cathartic, a way to express emotion or anything else you want to”, while Catherine has “writ[ten] 

plays…so I can get something off my chest, express something that I haven’t really been able to express 

another way”. This was often touted as a significant difference between engineering and artistic 

creativity. Anne summarized: 

I feel like it’s more emotional, whereas I feel like you can’t be as emotional with engineering. … 

When you get the big dramatic swell of music, you just kind of get caught up in the moment of 
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playing it or listening to it. Whereas I don’t know if I’d get super caught up in designing or 

creating in engineering.  

Jane explained that she has a mental disconnect between creativity in art and in engineering, because in 

art “a lot of the creativity is me expressing myself. I think it’s different [in engineering] because in my 

mind, I’m trying to solve a problem rather than – I don’t usually see it as expressing myself”.  

 This disconnect was often extended into differing purposes or audiences for creativity in the two 

fields. Jane continued her description of creative output in both arts and engineering, saying  

I much more tend to approach the engineering problems, at least in a school context, in terms of 

creating something for somebody else. Whereas so much – even though music is intended for 

other people, I tend to think of it more as an expression for myself. 

This was supported by Catherine, who explained, “In the arts… you’re creating almost for yourself…. 

Whereas for engineering you’re usually creating for like a client, or someone other than yourself 

basically. So you need to focus on what they want as opposed to what you want”. This was felt to be a 

limitation for creativity by many participants, as they were more focused on satisfying the client or 

professor than allowing themselves to be creative. This is discussed further in Creativity Barriers.  

Similarities. There were several characteristics that participants used in reference to both 

engineering and artistic creativity. Participants often mandated that, in order to be creative in any field, 

you first must possess a large base of knowledge to draw upon. Knowledge was described both in terms 

of a mastery of the given field you are working in and as having many different knowledge bases and 

perspectives to draw upon.  

Frederick gave an extended analogy, defining creativity as reordering or recombining information 

in new ways. He went on to explain why a large knowledge base was so important to being creative: 

It’s like you’re getting data. The more you study something, the larger the amount of information 

you have with which to draw stuff. If you’re recombining information but you have a very small 

data set your creativity doesn’t actually affect much. Because a re-quartering or recombination 
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of two pieces of information doesn’t – you’re limiting the number of ways. But if you’re 

constantly expanding your understanding of your field, then you have a lot more to draw from 

and bring into contexts that it hasn’t been thought of before. So I think a key part of developing 

your creativity is developing in your field in which you want to be creative.  

He speaks about developing a broad knowledge base in any given field as essential to creativity in that 

area. Lydia discussed how that is necessary both in music and in engineering, “you need to have the 

technical knowledge. …Like in jazz you can’t really improvise if you don’t know the fundamentals”.  She 

elaborated, saying that the application and personalization of that technical knowledge was when “the 

real creativity starts to happen”. Frank thought this sometimes limited his ability to be creative, as “I 

have that innate sort of feeling that I wanna push the envelope, but … I don’t know enough”.  

 Knowledge of diverse areas was also seen as imperative to creativity in both art and engineering. 

Fiona describes how creativity takes “for you to be able to collaborate and have multiple interests and 

multiple exposures to things because that helps things synthesize”. Exposure to many areas was important 

in engineering creativity to Brandon, who explained how this was something he discovered while on a 

work internship: 

I think it takes open-mindedness and a background of knowledge in a lot of different fields, or a 

lot of different possibilities. As an example, while I was on my internship, we had to dose some 

tanks with some chemicals. One idea that was put forward was doing pumps, but another idea 

was using IV bags to do low velocity dosage. So it was something as out of the blue as that – it 

was a great idea. We didn’t end up going with it, but it was a great idea, and having knowledge 

of a lot of different things definitely helps with creativity.  

Penelope ties in her experience drawing from many sources in both her artistic work and her engineering 

designs, “if you’re given a problem and it’s very open ended, it’s like being given a blank canvas or a 

sheet of paper. So you have to draw from different sources and be creative in your application of those 

sources”. An awareness of the connections between fields was often viewed as important – many students 



 

117 

 

described this as a general sense of being “well-rounded”. William, for instance, described that creativity 

was important in engineering because it allowed for different perspectives, since “if everyone is coming 

from the same direction or idea it is a lot harder to think outside the box”. He elaborated later in the 

interview, “I think it’s very important to be well-rounded and be aware of different aspects of society and 

how they are all important”. Cross-disciplinary knowledge between arts or humanities and engineering 

was often seen as important to engineering creativity. Frederick explains:  

If your practice is engineering, you want to have as broad a field of knowledge as possible, cause 

you need to have a cultural understanding of the people you’re designing for…. You should just 

get a degree in everything, if you’re in engineering. Cause I know it’s gonna be valuable. 

He went on to explain that this knowledge and skill in the humanities is generally undervalued by his 

peers, which he considered concerning, because of “how holistic engineering is”. Cordelia spoke of the 

value that a wide range of exposures has had on her creativity: 

I think it helps me make connections with the world around me. So I consume a lot of creative 

things, like art and literature. The next time I experience something in the world, I can draw back 

to a concept that I might have seen in a film or a book. And it deepens my understanding of the 

world…makes it a more complex understanding of what I experience. 

She later drew parallels between making connections and deep understanding and creativity. This 

knowledge base was seen as imperative for many students in their creativity. It was interesting to note that 

knowledge of art and humanities was often referred to as helpful for engineering creativity, but 

knowledge of science and engineering was not deemed necessary to be creative in art or humanities.  

 When asked to describe their creative processes in art and engineering, some students broke down 

them into similar analytical thinking processes, which some referred to as necessary to be creative. 

William takes the breaking down of the problem to be the similar portion between the two processes, 

“you’ve got to approach the problem slightly different, but I believe they’re similar because you’re 
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coming up with the problem and you’re looking at it and deciding how you want to approach it”. Mary 

also found similarities between the beginning stages of her creative process in engineering and art: 

Overall the whole process is pretty similar. Like usually when you do art you start with 

brainstorming and then you research your ideas, like how would you do this technique, how 

would you get this feel, a certain look. And with engineering you would research your ideas, see 

what’s possible and what’s already out there, and then start forming and refining your designs. 

Timothy described the process of creating a character in theatre as similar in an analytical sense, 

examining relationships in much the same way he would in engineering:  

So if I think about acting, it does become analytical to me … understanding how things are 

relating in the system. This character in the story has relationships with other characters – how 

can I bring that across with every expression, every movement of my body, the intonation at all 

points of every phrase, and every action. So in that sense I think it can be pretty similar. 

Fiona explained how she designs things in small segments, constantly iterating and checking against other 

parts of the design. This process, she said, was quite similar in music: 

So if you wanted to come up with a design… I sort of do it in parts. I would work on one part for 

a while and then another part and see how it works overall and I think it would be the same thing 

with the song. … That’s how I think you work on something creative. You work on one part, and 

then another part and see how the overall thing works and if you don’t like it go back and fix 

things. 

Some participants did have large differences between their creative processes in art and engineering, 

describing their art experience as “just doing what feels right”, rather than the planning and thinking 

necessary in engineering. This was described in detail in the Artistic Creativity section.  

 One of the most common similarities participants reported between artistic and engineering 

creativity was the sense of freedom and fun that it involved. When asked what they enjoyed most about 

being creative in engineering or in art, students often responded that they simply thought it was “fun”. 
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Frank described being creative in engineering as “just a lot more fun”, while Frederick found playing 

music in a band “a very joyful experience”. Henry described creative people as “not just doing what 

people tell them to do, they’re having fun doing the work”. John stays involved in photography despite a 

heavy engineering workload because “it’s something that is really cool and I love it”.  Michael described 

creativity in engineering as “fun. It makes it more fun”, and later commented on his experience with 

drama as “it was just really fun. It’s almost a way to kind of lose seriousness, I would say like in drama 

you kind of just dive into it. I found that really fun, it’s like ‘don’t be yourself’”.  

 The freedom of creativity was a common trait in both engineering and artistic pursuits. Frank 

spoke about his passion for writing poetry: 

I love when I can make new things…. It’s so nice to just forget all rhyme or reason and just try to 

think of anything. Cause it’s – when you realize you have pen to paper and you can do anything 

you want. That’s such a freeing concept. 

Henry enjoyed creativity in his engineering projects, because it gave him a sense of ownership over his 

work and the freedom to work in whatever way he thought was appropriate to the task, “[when there’s 

creativity] the project is more free. If I’m being creative then I’m not only given a task and a requirement, 

I’m also given the liberty to choose how to go about it. I’m creating a project not just doing a task.”. 

Lydia found the same enjoyment with engineering projects allowing creativity, “I like the freedom. You’re 

not constrained to just find a textbook and answer the problem and call it a day”.  

Learning creativity. The Learning Creativity theme encompasses participant attitude and 

understanding of creativity development, reflecting the growth or fixed mindset characteristics present in 

internal motivation. Categories which made up the Learning Creativity theme are shown in Figure 9. 
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All participants believed that creativity could be developed to some extent. Frederick, for 

example, believed that “creativity is a skill, maybe trait or value isn’t as accurate a word. I think skill, 

because I think about it as something you can develop”. Charles agreed, stating “I think it’s something 

you can definitely develop if you’re in positions where you’re forced to be creative”, while Grace 

explained “Being creative is kind of like a skill, people don’t think of it as a skill, but it can be a skill that 

you develop”.  Edward discussed his shift in perspective from a fixed to a growth mindset about 

creativity: 

I’ve always, not anymore, but I used to always think of creativity as something you were born 

with. My mom is the most amazing artist and so is my younger sister. And I can draw stick 

figures. [I thought] there’s no way anyone could ever just develop that. But over the course of my 

life I’ve started to engage my creativity more. I’ve recognized that it’s less of a natural - people 

can have creativity naturally but it’s something that everyone is able to develop. 

This raises an important view, namely that artistic individuals are more naturally creative than others, and 

that that stereotypical view can change. Many other participants identified that, although you could 

develop your creativity, "there is some of it that’s out of your control”, as stated by Michael.  Penelope 

acknowledged that creativity is easier for some than others: 

Figure 9. Diagram showing category and theme breakdown for Learning Creativity. 



 

121 

 

I think there are definitely people who are naturally creative, they are out of the box thinkers. But 

I think it can be taught and learned to an extent, because there are some people that are just very 

black and white and it’s hard to get them out of that mindset to get them to think in the gray area. 

But I think it’s possible. 

Practice engaging your creativity was often referred to as necessary to development of creativity, 

such as by Frank, who posited “I think if you’re lacking creativity the best way to [develop it] in my 

opinion is to just practice. It’s practice in a very small way to build up your confidence and understand 

that you have a lot to offer”. Mary agreed, stating “It’s really just got to be practiced, it’s not really 

something that you can learn out of a textbook”. However, there was often a disconnect between belief in 

learning to be creative and teaching people to be creative, as Anne highlighted: 

I think you can learn to be creative, but I don’t think you can teach somebody to be creative. If 

you’re doing different things over time you’ll figure out your thought process and what works for 

you, but with teaching it would be hard because everybody thinks differently. 

Barriers to teaching due to varied students and individual creative processes were common 

themes of discussion amongst participants. Elinor elaborated that “You can probably not teach how to do 

it? You can just create an environment where people can choose to be creative or not.… an environment 

where people can test their creativity”. Participants tended to think of teaching creativity more in terms of 

allowing or encouraging students to develop their own natural creativity, rather than teaching in a 

traditional sense. Mary spoke of creativity development in an academic environment:  

It’s not something I think you can teach like they teach math. It really is one of those things that 

kind of have to be self-motivated, like if the person doesn’t want to do it then they’re not going to 

get anything out of it. 

This focus on self-motivation and personal investment was very common among participants. 
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When discussing successful development of creativity, many students commented on the 

necessity of full engagement with the material and personal investment to be successful. William referred 

to this as a caveat for successful creative development: 

I believe it’s something you can learn and be taught, but you have to be willing to learn it. You 

have to be prepared to put in the time and effort to learn something. A lot of people just see 

creative people and go ‘Oh, they’re so talented’. But a lot of that is a lot of time and a lot of work 

involved in getting to that point. 

Cordelia agreed with the concept of the work necessary to develop creativity, saying she: 

want[s] to be more creative, so I will put in the work…. The work comes from engaging in what 

you’re seeing, being aware of it and consciously trying to make connections. It’s one thing to kind 

of sit in a lecture and take notes and just absorb the information. It’s another thing to truly 

engage and be a part of what you’re leaning, and that’s what the work is for me. It’s being 

engaged in every possible way that I can. 

The necessity of engagement and drive for creativity development highlights the need for internally 

motivating factors in creativity expansion. Timothy believed that creativity “is something that can be 

learned but not without the complete desire to do so on the part of the person learning. I think that needs 

to be something they’re fully into, it’s not something you can force”, reinforcing the idea that students 

who do not actively try to become more creative will not be successful in doing so.  

 Participants did identify creative thinking tools and techniques as useful in creativity 

development. To help break down the creative process into smaller, more manageable tasks, Frank 

suggested using creative thinking tools, such as SCAMPER: 

when they do SCAMPER, it seems absurd, it’s just really basic things that we do all the time. But 

if you actually think about it, it’s a useful tool if you don’t have the natural – if you can’t just 

think of a bunch of problems it’s a really helpful tool and it can really develop your ability to 

think of different solutions. 
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Cordelia believed that the creative development process can be helped through the use of tools and 

techniques, “you can accelerate that process by having explicit strategies taught to you to kind of become 

more aware of the way that you’re becoming more creative in engineering as it happens”. Frederick 

spoke about his experience in both engineering and artistic pursuits, and how using tools can be helpful in 

creativity development. 

At our university we have a course called Intro to Engineering Design, and there’s definitely a 

few lectures on different techniques for brainstorming. And as a concept, brainstorming is 

effectively mass creative output with zero analysis for the purpose of trying to figure out as many 

different solutions to a problem that you can, without analyzing it, cause you might come up with 

something brilliant and not know it at the time. So exercises like that I think are really effective 

for improving your ability to be creative.… But there’s analogues to that in all the fields I’ve 

seen. Like in writing… there’s a practice called morning pages, where the first thing you do in 

the morning is write three pages of content with zero analysis of quality… and one of the intended 

outcomes is improving your creativity.  

Lydia went as far as to say that she was able to develop creativity through her involvement in arts 

activities, “I took jazz band in high school. Before going in I could not make music myself…I was always 

just following what somebody else was telling me to play… But with jazz band, you’re teaching… ‘now 

make your own’”. Marianne has “never always been really creative” but believed that her creativity was 

developed “from so many things that I did – from playing music and being in drama and going to school 

and studying”.  This lead her to the conclusion that “you can definitely develop that creativity yourself”.  

Creativity barriers. A common theme of discussion throughout all participant interviews were 

barriers that might limit creativity. This theme encompasses internal and external barriers that students 

perceived could limit their creativity. A breakdown of sub-themes and categories comprising this theme is 

shown in Figure 10. These were mainly discussed in the context of engineering, but certain themes were 
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prevalent in artistic creativity as well. The student perception of barriers to artistic creativity is described 

at the end of this section.  

 

External barriers. Many students identified external factors present in their education that 

prevented or limited creativity in their engineering education. These barriers included: (a) lack of 

opportunity; (b) rules and guidelines; (c) lack of time; (d) lack of reward; and (e) student teams.  

 Lack of opportunity. Participants felt that there was not much opportunity available to them to be 

creative in their engineering work. Students all referenced team-based design courses as one of the only 

areas where they felt that they were able to be creative, of which there were generally few in their 

undergraduate programs. Some students referred to only two courses, one introductory course in the first 

few years of study, and the large scale technical capstone design project mandated in the fourth year of 

engineering programs. Mary could identify three opportunities for open-ended design in her program, 

Figure 10. Diagram showing category and theme breakdown for Creativity Barriers 
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which she believed was not enough opportunity for practicing problem solving in this way, “I think in our 

whole degree we only really do three projects that we design… And one of those would be the capstone”. 

Participants generally did not feel as if there was room or opportunity for creativity in the more numerous 

traditional lecture-style courses. Grace, for instance, stated that in these technical courses, “at least in the 

way we’re taught I don’t think there is that much space for creativity”. All students understood the value 

of having a base of technical knowledge but found the balance between lecture heavy content and open-

ended problem solving to be skewed in their degree programs. Frank discussed how he imagined it must 

be difficult to both engage students creatively and teach core content, but still found the balance between 

the two lacking: 

I mean obviously you can’t always study what you want, you have to learn some things in order 

to get your degree which is completely reasonable…. We do need direction, and that’s always 

going to be a limiting factor on creativity because I can’t make certain jumps to conclusions to 

get the right answer, we have to be lead onto it in a certain sense. But I think to the degree in 

which we are forced to have an equation and solve a problem, I think that’s the issue. There is 

very little to no creative direction in most of the courses we’re taking. 

Charles found that in the courses he was currently taking there were “really no aspects that encourage 

you to be creative. They are pretty much looking for you to regurgitate the information that they’ve given 

you, in the form that they’ve given it to you”. Grace agreed, saying that adherence to a strict method was 

limiting in her studies, “I think the more pressure we have to do something more methodical, it restricts 

our creativity in that field or subject”. This lack of opportunity for creative problem solving was often 

referenced as a barrier to creativity in engineering. 

 Rules and guidelines. Even when students were given projects or problems that they felt could be 

addressed creatively, there were several factors that they felt prevented them from engaging in creative 

thinking. Participants referenced rules and guidelines as “constricting” when attempting to be creative in 



 

126 

 

their engineering work. Frank explained that the constraints inherent to engineering limited his sense of 

possibility in design, and thus influenced his creativity in solving problems:  

Definitely the second that you have to face constraints it makes the problem completely different. 

Not in a way that’s worse or better. But if I’m solving some sort of engineering problem, suddenly 

I’m away from that [sense that] everything [is possible], and there’s a very limited number of 

things I can choose from. 

Catherine referred to how the constraints she was presented with in engineering design problems made it 

more difficult to think of wild, creative ideas: 

I don’t necessarily like having so many constraints and everything because, while it makes it 

easier to make a decision which is nice, because I tend to be kind of an indecisive person, it stifles 

that creativity and thinking about what’s the wildest thing I can do with this? 

This balance between the real-world restrictions and considerations was limiting to these students. Other 

participants, however, found these limitations challenging and enjoyed using their creative skills to solve 

the problems themselves. Henry spoke of why he enjoyed the design work and projects that he was faced 

with in his courses: 

Because no one is telling you how to solve the problem, they’re just telling you what they want, 

they give you the requirements, and then you know what the limitations are, and it’s essentially a 

puzzle. A lot of engineering comes down to requirements and restrictions.  

His enjoyment of the design process was amplified because it was not restricted, while still finding 

precise solutions. Lydia also referred to creativity as necessary to successfully weave together and 

consider all the restrictions and needs inherent in her design work: 

In design there’s not really like one solution to problems, so you need to use creativity to take all 

the things that you know and is going to work for everybody, staying within cost and the timeline. 

All that sort of thing, that requires a lot of creativity on an engineer’s part.  
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The difference in these two attitudes seems to be focused on where creativity is considered. Students who 

felt limited by regulations and constrictions often focused on having a creative solution or product, while 

those who enjoyed the challenge of flexing their creative muscles to meet need and accommodate 

stakeholders focused on the creative process of devising a useful solution.  

Lack of time. The lack of time for creativity was a common theme that emerged from participant 

interviews. Often students felt that, due to a heavy course load or tight deadline schedule, they were 

unable to devote the time to their projects that was necessary for full creative involvement. William 

explained that the ticking clock is a constant mental image during such a busy undergraduate program, 

and what affect that has on where students focus their effort: 

Because of how busy engineering is you’re forced to sort of prioritize your time a lot 

more…because of deadlines you’re taught to ignore certain tasks, so you can complete other 

tasks. And so time is very much on your mind at all points during your degree.  

Jane discussed how having a long list of assignments, projects, and tasks lined up caused students to put 

in minimal effort to complete work: 

I think when it comes to the design projects, something that makes it much more difficult to be 

creative is also when you’re trying to get the minimum done so you can move on to something 

else…. But that’s a challenge, having proper time in order to be creative on things. 

A creative solution, she further explained, requires more than minimal work and was thus often 

overlooked in favour of something that would satisfy but not require extended time: 

Sometimes there’s a straightforward solution and a creative solution, and maybe the creative 

solution is interesting to explore and might be helpful in the long run. But I’m going to take the 

straightforward solution to save myself time. Because I’m mostly concerned about the short term.  

This response was common in students; if time was lacking they tended not to engage their creativity in 

favour of working with easier, “safer” solutions. Michael specified demanding deadlines as preventing 

creativity in his design projects, since he felt rushed to complete certain deliverables on time, “I feel if 
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sometimes you’re rushed at the stage where you feel you should not be rushed and that leads to you 

producing a boring or standard design which lacks creativity”. Grace gave an example of a design 

project that had the illusion of creativity, but the timeline was so compacted that it was difficult to 

successfully be creative: 

Although it was a project that required creativity, the criteria and the time restraint that we had 

was like two weeks. So we had to reverse engineering design [sic] a project in two weeks. Which 

was actually like… it’s like saying you can be creative, but you don’t have the time to be creative 

so a lot of people fell back on almost replicating products with very small changes. 

She described how frustrating this was, because she enjoys being able to be creative in her projects but 

didn’t feel that the time was available to allow her to do so. Frank discussed how he often tries to be 

creative in his assignments and projects, but then is reminded that his priority should be finishing tasks: 

Like I’ll jump into one of these assignments and really get going, and I can really think of a lot of 

stuff, and I realize, oh we’ve just gotta finish our report, I’ve got to tone it down, let’s just finish 

the assignment…. So with so many of these design projects it’s just… what’s the easiest thing I 

can do.  

 Lack of reward. This tendency to reach for the easy solution to save time was compounded by the 

lack of reward for creativity that students perceived in their engineering courses. Generally students 

referred to reward as course marks or instructor approval, both of which they felt lacking in their 

undergraduate programs. Grace summarizes student opinion about the drive for high marks in 

engineering: 

That’s like a big portion of the mindset that a lot of people have in engineering because it’s so 

intensive. I need my marks and I need to get out. A lot of people don’t appreciate how creative we 

can be in engineering because we’re just busy trying to pass. We kind of have a narrow sense of 

what we’re doing with our degree.  
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The need for passing marks and the heavy course load were often referred to in conjunction. Participants 

discussed the need to achieve as many marks as possible in as little time as possible to allow for success 

in the overloaded program.  

 Students were also concerned with being creative in their engineering work, because an 

instructor’s definition of “success” on a creative project may be very different than their own, which 

would result in a loss of marks. Timothy highlights that in the competitive academic environment, 

evaluations and marks are paramount to success: 

It's all about evaluation. I want my scholarships, I want my GPA high for those job applications. I 

might feel that my creativity is the extra mile that's desired, but my professor might have a 

different opinion. So then that worry is there, where you might have that fear that your work is 

not applicable if you don't get the evaluation. 

This was often a factor in students choosing designs or processes that were considered “safer” from an 

evaluation perspective. Marianne discussed her discomfort with marking or assessing a creative idea and 

how difficult it was, “in the end you’re being marked on something, on how creative you can be and what 

your prof thinks or your TA thinks can be so different from what you think? It can be skewed”. She went 

on to identify this as a difference between creativity in art and in engineering. With art, she said, there 

was no focus on obtaining marks or grades, which made it easier to be comfortable being creative: 

Like in school, you’re trying to get a good grade. So I think that’s something that is limiting in 

that environment. When you’re in theatre you’re just out there, exposing yourself and sure you 

can get judged or whatever but it’s a totally different thing. 

Penelope also identified the difference in consequences for creativity in art and engineering as tied to lack 

of reward in her academic work: 

In engineering it’s a consequence that’s like a grade or something I think I take that a little 

harder. So it impacts my creativity cause I don’t want to do that again in engineering. I don’t 
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want to…like if I did bad on a project and put a lot of effort into it and didn’t do well, it’s like… 

then why would I do that again and see the same result.  

She identified that lack of support as discouraging, and something that sometimes made her feel less 

motivated to be creative in her engineering work. Henry struggled with the balance between the time 

necessary for full creative involvement, and the reward given for such effort: 

I spent maybe twenty hours on a project once just to get 10 out of 10. And the next one I was 

rushed for time and I finished it in like four hours and got 9.5 out of 10. Is the extra 0.5 really 

worth all that effort? 

Henry also mentioned that he felt such effort wasn’t even noticed or appreciated by the instructors at his 

institution, which again did not make him keen to invest the necessary time or energy: 

When I'm given an assignment and I know that the teacher isn't going to really look at it, they'll 

just give it off to a TA who's just going to see if the work is done, and it's never going to get 

looked at or appreciated, then that makes me not want to put in the effort.  

Participants often identified that, in order for creativity to be seen as “worth” the extra time and effort that 

it takes, it must be rewarded by increased course marks or instructor approval. 

 This perceived disconnect between instructor appreciation and student investment was regularly 

referenced by participants. William, in fact, stated that creativity was something that was never discussed 

in the classroom in any of his engineering courses, “It’s never really come up with professors about how 

to be creative, how to do creative things”. Fiona felt that she was often punished by instructors for having 

a different, creative approach, “I find that certain professors want me to do it a certain way. They’re not 

very flexible. I’ve always done things in a different way, a roundabout way. I don’t get the best marks for 

that though”. Charles summarized his experience with creativity and evaluation, “it’s not really rewarded 

in any way. What’s rewarded the most is your ability to  memorize the types of questions you/re going to 

expect on exams. It’s not a very intuitive process but it’s what gets you the grades”. 
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 Some participants, however, also identified that the deep learning obtained from creative thinking 

and problem solving was a reward for creativity. Henry, when speaking of the project mentioned above, 

said, “I think it [was worth it]. Not for the 0.5 [marks] but from all the learning that I got from the extra 

15 hours of work that I put in”.  Edward spoke fondly of a high school teacher who regularly used group-

based learning exercises and assignments: 

I think my grade 12 teacher sort of started it because a lot of what we did in his class was group-

based learning, and he would give you an assignment or problem set and no guidance at all, and 

even with the problem set you have the ability to be creative if you don't have any guidance. So 

we were given the problem set before we had learned a topic and he said go, do some research 

and come back with an answer and do that however you want. 

He highlighted that this approach not only was useful because it was exposure to open-ended problem 

solving, but also because of the depth of learning he achieved working through problems in that manner. 

Michael spoke about one of his courses in coding, specifying that the assignments provided gave 

opportunities for creativity that he thought should be encouraged or rewarded by the professor, because 

they allowed for deeper learning of the material: 

Yeah there's a lot of creativity and how your assignment is, it won't affect your mark at all but it'll 

definitely affect your learning. So I think, in that course, maybe the instructor could push more 

for us to be more creative in our solutions, maybe not follow everything exactly by the book, even 

though that might not always exactly be ideal. I think it's important.  

John also mentioned that he liked working on open-ended problems in his class work, because finding 

multiple solutions and pathways were so useful in learning and concept development, “I like to be given 

problems where there are more than one solution. I think in finding more solutions, that causes us to 

learn more”. 
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Student teams. Participant opinion on working in teams while tackling creative projects was 

divided; working in a good team was very helpful to creativity, while working in a bad team had negative 

consequences for creative output.  

Working with other people was identified as a very important skill to possess in engineering, but 

one with mixed results. As Jane put it: 

If you vibe well with the people and other people are being creative then it's way easier to do that 

as a team. But nothing kills creativity completely more than working with a team that you're 

afraid of or aren't into it at all or aren't creative. So I think you get both extremes working with a 

team. 

Brandon felt positively about group work when trying to be creative, because, “Even though there’s a risk 

of them saying an idea isn’t great, it’s also a good check to make sure I’m not going on the complete 

wrong direction”. He was willing to balance the risk of rejection for reassurance that the final solution 

would be a successful one. Edward felt that group work was necessary for engineering creativity as,  

whether you want to be creative or not, you may not be able to have that idea yourself, but you 

may be able to add your own perspectives to different ideas. And that's how ideas spring forward 

and turn into testing and get implemented.  

Lydia had a succinct reason for thinking teamwork was important for engineering creativity, “if 

everybody has one good idea, between a group of five you now have five good ideas that you can work 

with, you know?”. Frederick extended the benefit of working with a dedicated group to creating in an 

artistic sense, discussing his relationship with his bandmates: 

Playing with groups is nice because you get to concentrate the density of creativity in a particular 

space….so if you're in the right environment, or the group is of the right mindset and is okay with 

taking risks and doing interesting things on the side. That to me is a very joyful experience. Just 

being able to create something new with other people just because of what their experiences 

allow them to come up with on the fly…. Your group will…bring stuff to the table that you haven't 
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thought of before, just new sounds and new tones, and even just because they play different 

instruments than you. Like a drummer is in the world of drums. I have no concept of what drum 

fills sound nice. I can, in my head, picture a nice drum fill, but I don't know what would fit in that 

moment. But when my drummer plays a really tasty fill in a particular spot it's like…a loop of 

surprise and excitement, where I never expected this, it's great.  

 Not all students had such positive experiences with the creative team environment. Catherine 

discussed the main issue with teamwork on creative engineering projects: 

My only issue is that a lot of the time when other people - because like you can't do anything on 

your own really. So when other people aren't supportive of ‘hey let's take that idea and run with 

it’, it kind of slams those doors in your face. 

This lack of support by team mates who was often referred to by students, who reported it difficult to be 

really creative in a group setting without full investment from the entire student team. Brandon elucidated 

on this, “If it’s a group that just wants to do everything by the numbers and just copy the design of 

someone else, then there isn’t really an opportunity to creative”.  

 Cordelia extended her concerns with group work into more sensitive territory: 

if people around you tend to dominate the conversation then you don't feel comfortable enough to 

kind of step in and interject, that's an environment that doesn't really allow for much creativity. 

So just having like a team dynamic where everybody is an engaged listener is important. And if 

people aren't engaged or if people are taking over the conversation that's a block.  

Cordelia raises an important point here; that personal comfort and confidence are necessary in a team 

environment to be successfully creative.  

Internal barriers. When asked about things that may prevent them from being creative in an 

engineering context, most participants also referred to personal fears or characteristics that they felt were 

possessed by themselves or their peers.  
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Reflecting David and Tom Kelley’s theory of creative confidence, students often structured 

responses by speaking about how, in order to be creative, one had to be confident in doing so. Creativity 

was generally viewed as natural, but with some students being able to more successfully express it than 

others. As Catherine stated, “I think that it’s something that we all kind of have, but some people aren’t 

as confident expressing it as other people”. Charles also voiced that opinion, discussing how everyone 

can be creative, “I think people are naturally creative, and for one reason or another they lose it. Maybe 

they don’t have the confidence to express it”. Elinor discussed confidence as a key factor in being 

creative: 

You shouldn’t be afraid of trying new things. So you have to be confident. Everyone has their own 

spark… because if you’re not confident in whatever you imagine it’s going to be, then you won’t 

have that tendency of imagining things or trying to test new things. And then your creativity’s not 

there. 

Elinor discusses a fear of trying new things which can be breached with confidence. An important trend 

shown here is the tendency of participants to discuss creative confidence in relational terms with other 

factors that they felt were barriers to creativity. These factors were often seen as barriers to the confidence 

that would allow them to be successfully creative, or, conversely, barriers that could be overcome with 

confidence in one’s creative ability. Barriers commonly mentioned by participants were (a) fear of 

judgement, (b) fear of being different or doing things differently, (c) fear of being wrong/failure, (d) 

overwhelm at possibility.  

Fear of judgement. Participants most commonly identified the fear of being judged by their peers 

for having “bad ideas” or being overly critical. As discussed in External Barriers, almost all student 

perceived opportunities for engineering creativity were reported to occur in team-based settings, primarily 

projects in design or laboratories. This team environment creates fear of judgement in some students. 

Catherine described her experience working in a first-year design course: 
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I think some people are really afraid they’ll be judged if they put themselves out there…. My 

group was very unwilling and fearful to advocate for their ideas and to branch off and think of 

new ways of thinking about a problem. So that was kind of odd to me. We have this freedom to do 

whatever we want, just like, open your mind! 

Edward described his own fear of judgement by his team mates when working on design projects, “it’s 

difficult when you’re with other people, because you don’t want to suggest a wacky idea for fear of it 

being shut down”. Similarly, Jane thought that being creative was difficult if you had a fear of being 

judged, stating that an environment without judgement would be helpful for creativity, " if you’re worried 

that someone is going to judge your ideas that’s hard. And part of having a good environment for 

creativity is having that judgement free zone”. Elinor felt a fear of judgement and dismissal, particularly 

around more outlandish, creative ideas, “it can be frightening because you can always be rejected or 

people can find it super weird and not give you support. So that’s an intimidating part, especially if you 

go for something completely out of the ordinary”. Frederick supported this view, also discussing rejection 

in his response: 

I think the fear that comes from being creative is often more like – the root of it I think is more 

often a fear of – the classic fear of rejection I guess. Like you’re fearing that your ideas aren’t 

going to be heard and you’re putting yourself out there, and someone is going to say that it’s a 

bad idea, or you’re bad at things.  

Here, we see multiple facets of the fear of judgement in participants, centered around social rejection but 

also academic achievement. He went on to suggest that involvement in the creative arts was a prime 

opportunity to acclimatize to a critical environment: 

I think that music is a good field to do that in…. Any sort of interaction you're able to have with 

other people in a creative context is beneficial for engineering in the sense that you get to learn 

how to deal with other people saying your ideas are bad or are critiquing them. Or not even 

saying they're bad but like you can interpret them as saying your ideas are bad, even if they're 
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just saying you know I think your form here could be a bit better, or like you probably missed the 

note you were trying to get there. So also like learning to deal with criticism.  

Grace discussed judgement, not only for wild ideas that may lack feasibility, but also from her 

peers who may not think her ideas are creative enough, “if I am creative, are my peers going to think my 

idea is weird or going to look down on me because I didn’t come up with a creative enough idea”. This 

comment again gives rise to the complexity of student perception of judgement and rejection centered 

around creativity in the engineering classroom.  

 Some students referenced that their peers didn’t take creativity seriously, and so participants 

were more hesitant to voice their ideas in a group setting. Cordelia, for instance, explained that she found 

that her peers often didn’t see the value in “soft” skills like creativity and communication, “we do have 

courses that focus on softer stuff and most people think it’s B.S.. You know, most people don’t really 

care”. Frank also referenced lack of involvement from peers as contributing to some hesitance to be 

creative in team settings due to a fear of judgement, “there are people I know who will have the 

opportunity [to be creative] and just think it’s kind of pointless”. These perceived differences of opinion 

between students increased the fear of judgement present in interview participants.  

Fear of being different. There was often a distinct overlap of ideas and barriers in student 

responses. The fear of judgement was frequently referred to when discussing a fear of being different or 

doing things differently. Students often viewed dissimilar thinking processes or ideas as frightening 

because they may elicit a negative response from others. Anne, for instance, felt “like it’s slightly 

intimidating to think outside of how everybody else is thinking, because you’re kind of all by yourself”. 

She went on to elaborate on how that was necessary for creativity, because a creative person “is willing to 

think outside of the box and not be afraid to be a little bit different than people”.  

Fiona stated that she developed enough confidence to see things differently by, 
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trying new things. Something is that I am someone who has – I tried a lot of things. I think 

because you succeed in one thing you kind of think that this other thing is kind of similar. So then 

you think, oh, I’ve got that, I can probably do this too. 

Frederick discussed how, because of his training as a jazz musician, he is more willing and comfortable 

with thinking differently: 

I think especially with jazz there’s a real focus on dissonance, and exploring how melody and 

dissonance interact and how you can play with people’s expectations of a melody and play with 

people’s expectations of what constitutes ‘good music’…. I think that is a skill I have learned for 

sure, or a concept I wouldn’t have explored otherwise…. In engineering…you do try to be jarring 

in the sense of coming up with concepts and ideas that are not standard… I think there is an 

analogy to be drawn there between jazz and engineering, because the whole point of it is to like, 

talk about what people’s expectations are, either of a melody or a harmony or of a design 

solution. In some ways there might be a tendency to think that the way you’ve seen a problem 

solved in the past is the only idea… I think it’s generally very helpful to be thinking in the mindset 

of… how can I think about this in the way that it hasn’t been talked about before. Or how can I 

intentionally get to the mindspace of … of thinking innovatively about this?  

It was common for participants to refer to their extra-curricular experiences when discussing development 

of confidence to think differently. 

Participants regularly discussed the fear of being different with reference to established or 

‘correct’ ways of going about solving problems. John stated: 

I think there’s also a pressure to conform to the standard way of doing things. It might be 

intimidating for other people to kind of stray away from that and solve a problem differently… 

People may think that following the procedure, the standard way of doing things is the right way 

to do it, and they might be scared to try different ways or solutions.  
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Here, he discusses how the intimidating part of doing things differently is divergence from what people 

conceive to be the correct method. This fear of doing things wrong is highlighted throughout participant 

interviews, particularly discussed in two senses: risk and safety in engineering, and academic failure. 

Afraid of being wrong/failure. Participants discussed the risk inherent in creativity as the fear that 

they would be “wrong” or “make mistakes”. The uncertainty that accompanies new ideas was often 

discussed as a barrier to students, who weren’t sure if those new ideas would be feasible. Frederick 

described how this lack of certainty of success was important for engineers in order to develop and refine 

new ideas: 

Maybe the biggest detriment to creativity is being really critical of ideas and designs from the 

position that – well, it hasn’t been done before, or I haven’t seen this been done successfully, or 

in this moment I can’t think of a way this could be completed successfully. Those are barriers to 

being creative in an engineering field. So the engineer… works towards creating an environment, 

either in their own head or the space that they work where like, a perceived lack of feasibility is 

not the only criteria on which you scratch an idea? Or feasibility is not the only criteria you use 

to evaluate the merit of a particular design concept.  

Charles considered his ability to leap into different things as a key factor in his creativity: 

I’m not afraid to make mistakes. And I think that’s actually one of the biggest things for creative 

people, is that – a lot of people are afraid to do something different because they don’t know if 

it’s going to work…. I don’t need to ask people how to do things, because I can figure out my own 

way to do them. And I think that helped inspire my own creativity in some way.  

He continued, speaking about how when there is a high risk involved in engineering work, safety and 

success become paramount, rather than opportunity for creativity, “where there is less room for error, 

there is less room for creativity for sure”. This perceived trade-off between the uncertainty of creativity 

and finding successful and safe solutions was mentioned by many participants. Brandon elucidated that, 

“once you put forward an idea, it’s your idea, and if it’s adopted and down the line it doesn’t work, then 
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it’s all on you”. Penelope highlighted this as a significant difference between creating in art and in 

engineering: 

Safety is definitely a factor in engineering, like first and foremost because it’s kind of our main 

priority is to make things but make them safe things. Whereas in art it’s not usually unsafe but it’s 

not something you really think about. It’s a painting, unless it falls it’s not usually unsafe. Or 

someone licks it…. Maybe engineering can be more stressful. Because you can’t fail. You can fail 

to learn from those mistakes but you can’t fail when it’s your final design, if it’s meant not to fail. 

Whereas in arts like it’s okay if it fails, it’s not as big a deal. 

The consequences of creative solutions and forging new ground were perceived to be high in engineering, 

sometimes hindering creativity in students.  

 Participants did, however, speak about how that fear of being wrong was important to personal 

growth, and also something that was not insurmountable, even in a safety-centric field like engineering. 

Edward summarized this by explaining his own push to persevere and become accustomed to failure and 

mistakes in many forms: 

I am afraid of being wrong, but I am comfortable being wrong. Something I have always done 

when I was growing up and I still do today is that I like to push myself. I like to push myself until 

I fail. And so, it scares me, but I have become accustomed to failing. It’s something that you’re 

desensitized to. You don’t lose that fear, but you become comfortable with failing and then 

working around and jumping back up again. 

Some participants also discussed the natural curiously and creativity of children, because they had not yet 

learned or recognized the limitations of the world around them. There is no “wrong” to a child, allowing 

them to be easily inspired and creative. Frederick expounds upon this, highlighting that “a child doesn’t 

know the limitations that the world has, so they are less likely to subconsciously limit themselves in the 

ideas that they com up with, because they don’t know that things are impossible”. Mary also discussed 

her own creative development from child to adult, explaining that, “as a kid I would totally put things out 
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there regardless of if I thought they were good or not, you know?”. Participants mainly identified a 

creative shift from child to adulthood, whereby ideas became less “wild” and more grounded in reality, 

adhering to common constructs of right and wrong. 

 Another popular manifestation of fear which hindered creativity was the fear of failure discussed 

by many participants. While being wrong was discussed generally in terms of industry standards and 

safety risk, the fear of failure was generally referred to in an academic sense. Jane had a hard time 

combining the openness necessary for creativity with the academic environment, particularly when she 

was concerned about achieving high grades, “Creativity doesn’t really have a perfect score. I think 

sometimes those mindsets don’t really mesh very well”. Grace highlights the fear that is inherent in taking 

a creative risk that may or may not pay off in terms of course marks or grades, particularly with large 

scale assessments: 

I think also it’s the sense that a lot of our courses nowadays are essentially do or die exams. 

Some courses might be 40%, 60%, 100% of your mark. You’re forced to just do exactly what they 

say, a lot of people are scared off by the risk, because you don’t want to be creative or you’ll lose 

your marks. 

This compounds the fear of being different discussed above, as failure in the academic sense has very real 

consequences for students. Henry compared the required outcome between creative projects in 

engineering and in music, concluding that the outcome in an artistic sense had much less import than in 

engineering: 

In the more artistic ones like music, you can just improvise the process, just start from nothing 

and it doesn’t matter if you don’t get it to where you want it to be because it doesn’t matter cause 

you still end up with something. Whereas you’re working on an engineering project where the 

requirement is well defined…you can’t just start and assume that you’ll get to the end and if not 

it’s okay. 
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The fear of not finding the required solution was repeated over and over in participant responses, 

generally compared to the sense of freedom and lack of structure in artistic outcomes.  Frank discussed 

how his artistic outlets were completely open-ended and not restricted, which was not the case with his 

engineering projects: 

The difference between like the creative outlets and the academics is that with the creative outlets 

I can do anything and I can get some sort of confidence boost, whereas with academics there is a 

right answer and I have to get that right answer, so I’m not going to waste my time trying to 

throw around my creative skills. 

He discusses the necessity for finding the “right” answer for academic problems, a common theme for 

participants in engineering education. This fear is tied tightly to student perception of reward for 

creativity in education, which is discussed further in External Barriers. John also mentioned the “right” 

answer in his response, as he described how the variety of available routes can be intimidating in an open-

ended engineering problem, “It can be a little intimidating at first. Let’s say there’s a problem, and there 

are so many ways of answering it. It can be kind of scary that your solution may not be the right one”. 

Having a multitude of options was also discussed as a difficult thing for students to overcome when trying 

to access their creativity in engineering, particularly when combined with this ever-present need to be 

correct.  

Overwhelm at possibility. Participants sometimes discussed how open-ended creative problems 

could be overwhelming in their open-endedness. Henry, for instance, described the uncertainty when 

approaching vague and ill-defined problems that could be met with a lot of creativity, “if the project 

requires too much creativity and it’s so vague that even the supervisor may not know if it’s possible, like 

is the task really achievable? Or are they just sending you on a wild goose chase?”. Lydia also had some 

trepidation when approaching very open problems, saying “a lot of them are so open ended, it’s kind of 

daunting to think of a solution when you know there’s several that are good and several that are bad”. 

She went on to describe one of her first experiences with engineering design in her undergraduate 
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program, building a rubber band car, and how the success from that project helped her feel more 

confident in approaching problems that lacked restriction: 

I’d never been exposed to engineering, so I kind of just took it on a whim. And then in first year in 

our design class, there were like ‘you have to make a rubber band car, and it has to go 50 meters 

in a straight line. You can’t use any wood, you can’t use any metal, it all has to be powered by 

one rubber band’. I was just like ‘oh my god’, I just froze. But have these seemingly impossible 

challenges, and in your team you’re all coming up with the best parts of each individuals design 

to come up with a better team one. So having those experiences kinda helped me realize that I can 

do it.  

Penelope used her experience with arts and crafts to explain how she became comfortable with having 

many different options and approaches available to her in engineering: 

I guess I kind of thought of open-ended problems as a little easier in a way. They’re still daunting 

but they weren’t as daunting cause I think art in general is very open-ended. So being creative 

and not having a certain solution in mind has helped a little bit in being creative in engineering. 

This overwhelm at multitudinous opportunity was something students often referred to in conjunction 

with the need to select the “right” answer.  

Creative confidence boosters. To overcome the internal barriers identified above, some 

participants highlighted factors which boosted their creative confidence, giving them inertia with which to 

leap over creativity hurdles. These generally involved positive self or peer reinforcement.  

In much the same fashion as a team was useful for engineering creativity, a supportive creative 

community was identified as helpful in increasing student confidence in their creativity. This often 

emerged as something that participants highly valued in their creative arts experience. What Catherine 

enjoyed most about her involvement in theatre was the community, which encouraged her to keep taking 

creative risks: 
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I think having supportive people around me. Having those friends who would say, this is great, 

this is what needs to be changed about it, but this is a good starting point from here, keep running 

with this. Friends who encouraged me to keep going with whatever I was pursuing. And also 

having teachers that encourage that. Especially last year my drama teacher that I had was 

probably one of the most incredible people I've ever met in my life. And like I knew that I could 

talk to him about absolutely anything that I had going on and he would be completely honest with 

me. And that helped with my confidence in my creativity as well, because I knew that whatever I 

did, arts wise or just personally, he would offer an honest assessment of what was going on.  

She went on to speak about how this completely honest assessment and feedback was something she felt 

was currently lacking in her engineering education. Marianne also identified that she felt most fulfilled 

when working with others towards a common goal, which helped her with her learning and personal 

growth, “I feel like being surrounded by people who have the same thought process. Who want to learn, 

it’s one big thing, you can always learn something from someone, whether they’re older than you or 

younger”. 

 The benefits of a creative community often revolved around honest assessment of work and 

validation of successes. Many participants believed this was essential in their own creative development. 

Brandon cited teamwork and success as increasing his confidence in a creative environment, “working 

with other people and having ideas that have been accepted. All those work together to boost the 

confidence of whoever is working with them”. Frank discussed how getting validation from his peers 

motivated him to keep engaging his creativity, “I just feel motivated when I start doing it. When I’m 

writing articles, we’ll just be … throwing out jokes. And I love getting a good laugh or having people 

acknowledge that I’ve had a good idea”. He also felt that having open discussion about creative work was 

essential to developing creativity and confidence, even if it was not positive: 
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If you don't have anyone telling your that you're getting better, or that you're getting worse even, 

like... if someone told me that that was bad, I can learn something from that. If someone tells me 

that I'm doing something wrong, I can get better. And that's the only way I'm going to get better. 

Having a safe, supportive community to take creative risks was often discussed as helpful with building 

creative confidence. Gaining feedback was determined to be critical for creative improvement. Grace 

identified the use of having a wide audience for creative output for increasing creative confidence: 

I think having a larger public audience acknowledge your work, seeing yourself.... and the 

creative criticism, I like this part of your art or maybe not this part. You get a sense that I am 

good at this, and can improve this. In general you would improve more than what you're just 

judging yourself on. So I think that boosts my confidence. Okay I know that more people like my 

art and that whatever is wrong I can improve. So in general, yeah, more confidence. 

In order to reach a wider audience in order to boost confidence, public performance was often 

identified as useful tool. This not only encouraged students to actively practice and prepare, increasing 

their learning and ability, but also allowed for feedback and validation from a wider range of audience 

members. Fiona discussed public performance when playing piano concerts and recitals, and how useful 

she thought that was for her skill development and creative confidence: 

I think that you improve more when you have to perform something because when you're playing 

- certainly in my case - when I was playing by myself, I don't prepare as much as if I'm playing 

for an audience/ Also I think when you perform, you get a different perspective of what you just 

did… that's one way that you can improve is by feedback on what you play. I think performing is 

a really good confidence boost in whatever you do. Like for me, I feel happy when I know I 

played something really well but I feel even more happy when other people say I did well.  

Michael felt that public performance of creativity was applicable even in an engineering context. He 

discussed how he was responsible for project development for an engineering competition, which he said 
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required a lot of creativity. His confidence was increased by having public validation of his success in that 

endeavor. He stated the largest factor to increased creative confidence was,  

probably like my success in where I've been creative. I feel like I've done well. For example, the 

engineering competition. I think it went amazingly well and some people failed, some people 

succeeded, and I thought I set them up for a very open-ended question where they could choose to 

be creative and it's hit or miss. Basically, and a lot of them hit a lot of them did not.  

 Some students found their own gradual improvement enough of a reward for creativity to keep 

them engaged. This sense of accomplishment was often described as something they enjoyed about their 

involvement in creative arts activities. Anne identified the gratifying feeling of accomplishing difficult 

pieces on the piano, “the improvements that you notice…the feeling you get when you finally master a 

song or a section”. She went on to speak about how these small accomplishments made her more 

confident in her ability to be creative successfully. Frank believed that an important part of his creativity 

and confidence was being able to take pride and enjoyment in creative activities: 

I think being able to actually draw satisfaction from an artistic endeavor is a big point of it. Like 

a lot of people - if I got one of my friends who is really competitive, and I offered to just draw 

with him, he would probably see that as kind of a ridiculous thing. Like we're just drawing. But 

I'll go to [write creatively for a newspaper] and write with all the staff and throw around jokes 

and it's a lot of fun. We all like feel like we're actually accomplishing something. 

This sense of accomplishment Frank describes is important in motivating him to engage in creativity in 

his artistic pursuits. 

 Several students also described this sense of personal accomplishment when speaking about 

creativity in their engineering work. William spoke about how he enjoyed, “the sense of accomplishment. 

If I do a task with slightly different approaches, it’s a sense that I was able to take this different approach 

and still come up with the solution. So that I really like, and it makes me feel good”. This success and 

accomplishment was key in building up William’s confidence in his own creativity in engineering. 
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Charles also described his increase in confidence from successful projects where he applied creativity and 

accomplished the task: 

One opportunity that was good to be creative in school was actually in coding. So that had a lot 

of opportunity for creativity that I think was useful, depending on how you approached it. Some 

people just sort of looked up as much as they could and then filled in the gaps. And some people, 

like me, just sort of muddled around with different ideas until they came up with a solution. So, 

consequently my code often looked significantly different from other people’s. But still got to the 

same conclusion.  

These personal successes were often referenced by participants as instrumental in boosting creative 

confidence, which was integral to them being able to engage in creativity whether in arts or in 

engineering.  

 In the academic context, some students found that their academic success was helpful in giving 

them confidence to take creative risks. Henry described himself as a fairly confident person in most areas 

of his life as well as in school, saying that, “I tend to do pretty well academically, I get good grades. So 

that’s reinforcing me, saying ‘hey you’re doing good, you’re a good student’. So that gives me 

confidence”. He went on to describe that this was helpful because he felt confident that, even if he was 

solving problems in different or creative ways, he would be able to succeed. Timothy as well speaks of 

how his academic success influences whether or not he believes he is capable of “apply[ing] [his] 

creativity to the problem”: 

I’ve done well academically thus far. And so I take that previous measure of performance and 

say, well, then irrespective of what is at hand or what the project is, it’s at school. I’m familiar 

with the bounds, the terms and conditions of being a student. 

These students were keener to take creative risks, since they were confident in their ability to succeed 

academically. 
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Barriers in the arts. When speaking about their creative arts experience, most participants used 

their involvement to discuss positive outcomes, such as the confidence boosters or overcoming of internal 

barriers discussed above. Most discussion of creativity barriers centered around the engineering education 

environment, but some students made reference to factors which influenced their creative output in 

artistic pursuits. Two main factors emerged, the internal barrier of fear of judgement, and the external 

barrier of lack of time when enrolled in engineering.  

The internal barrier participants identified centered not around the difficulty engaging in creative 

activities, but of sharing that creative output with others. This was reflective of fear of judgement and 

rejection by participants. Frederick joked about learning to record music in his own home, so he didn’t 

have to “sing in front of people and have some producer telling me I'm doing a bad job”, while Penelope 

also mentioned that she loved to sing, but “was self-conscious about singing and music sometimes”. 

Frank discussed his love of poetry, and how he often shared his more humorous work with his friends and 

family. However, he didn’t share more serious work, “cause like… if I put that out there I have no idea 

what’s gonna happen”. He felt uncomfortable sharing a side of himself that he didn’t often present to his 

friends, saying, “I think that in general, sharing work that doesn’t fit in with how I want to be seen is 

really uncomfortable for me”. These fears and discomforts didn’t prevent any of the participants from 

engaging in creativite arts activites, merely from sharing that creative work. This is unique to this 

personal context; in an academic environment work must be shared and evaluated, perhaps suggesting 

why students may be hesitant to even engage creatively.  

Lack of time to engage in artistic pursuits was also identified by participants as a barrier to their 

creative engagement in this area, perhaps not surprisingly. Most students identified activities that they 

either felt the need to abandon or restrict their involvement so that they could succeed in the academic 

environment. Fiona explained that, since starting her university degree, she has had much less time for her 

creative passions, “to be honest I don’t have much time to do things that are creative like playing the 

piano. I would dance if I had more time… I would like to do those things but I just don’t have the time”. 
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Edward also mentioned how the course load of engineering was restrictive in the sense that it was 

difficult to manage other things if you were particularly studious, but he thought students were capable of 

making the conscious choice to pursue activities if they were passionate about them: 

I would be hesitant to say that the course load itself prevents someone from taking advantage of 

their pastimes or to pursue their creative hobbies, I don't want to say that because if it's 

something that you love enough you're always able to make time for it. But it's hard to ignore the 

fact that it someone in engineering wanted to they could work 24 hours a day and always be 

doing something. So that is a barrier but not one that is insurmountable.  

Personal development. Involvement in activities outside of engineering was often identified by 

students as useful for their own personal development in many ways. Sub-themes and categories can be 

seen in Figure 11. It should be noted that participants referred to a wide range of activities when 

discussing this development, and were not limited to discussing arts extra-curriculars. Discussion ranged 

from summer camp to crochet, from rock climbing to aerial photography. These activities were used to 

discuss development of participants both mentally and physically. The focus in this section will be skills 

and mindsets that participants identified as relevant and useful in engineering. Connections between arts 

involvement and overcoming specific fears or developing creative confidence were discussed in the 

Internal Barriers or Creative Confidence Boosters sections above.  

 

 

 

 

 

 

 

 
Figure 11. Diagram showing category and theme breakdown for Personal Development. 
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 The development of patience and perseverance was a common theme, particularly among 

students involved in music. Jane has been playing violin for many years, and discussed how it helped her 

understand the importance of patience and discipline: 

 I think one of the biggest lessons I've taken away is the value of practice, of discipline. Putting in 

a little bit of work every day, the value of building your fundamental skills and techniques and 

stuff and it's not fun, so that you can do really beautiful things. Because you can't play to the best 

of your abilities if you don't have solid building blocks. 

Anne identified that the patience she developed from piano was also useful whenever she was 

approaching a particularly difficult problem, “if something's not working like right away, you do have to 

be patient and keep working at it, as opposed to giving up. And that's applicable to any problem you 

might have and coming up with a solution”. Lydia discussed how playing the French horn helped her 

develop a methodical approach to improvement and development: 

With French horn you have to practice your different scales and your range so that way when you 

do need it for playing you just have that tool ready for you. And to be able to have that tool ready 

you do need to practice and commit yourself to getting better at it. Which has I think lead to me 

having a very strong work ethic.  

Marianne also espoused the benefit of music for developing persistence, “the first three years I played 

piano I wanted to quit so bad it was terrible. But the determination, the persistence to do anything. You 

can really achieve what you want in the end”. Here, she extends the value of persistence into self-

confidence that you can achieve anything with enough work and effort. This personal investment and 

belief in success  

 General self-confidence was another characteristic commonly discussed by participants as being 

developed through their extra-curricular involvement. Charles found that pursing individual outdoor 

activities helped his independence:  
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Spending a lot of time alone in the bush you learn to be a bit self-reliant. Cause I work a lot 

alone. So you sort of have to... I suppose it gives you self confidence in a way, because there's no 

one to bail you out if you get lost or injure yourself for example. The only person who can bail 

you out is you…. That probably has given me a lot of confidence that has carried through into my 

work that I do. 

Other students developed this self-confidence through participating in group activities, similarly to the 

creative confidence boosting that occurred through peer validation and support, discussed in the 

Confidence Boosters section. Lydia highlighted the support and given to her through her musical 

involvement, which was beneficial to her when coming into a rigorous academic environment: 

The music community is very much about building people up and congratulating people on their 

successes and helping them when they've failed and so... I feel like having that sort of confidence 

in my myself like within music kind of helped me to feel sure about myself when I went into 

engineering. 

Marianne spoke about how her many involvements in all sorts of activities helped her confidence. She 

discussed the concept of putting herself in “uncomfortable situations” that would help her own personal 

development: 

My extra-curricular activities, being in school, interacting at conferences, have just helped me 

become overall a more confident person, and I think as I become older I realize that you know, 

when we graduate, stepping out into the world you know, think of all the uncomfortable situations 

that I've ever been in have helped me become more of a confident person and not care about what 

other people think. 

Michael also discussed how, as a teen, he was involved in drama which 

brought me out of my shell in a way. I was really, really quiet all through elementary school and 

so going into high school I was still very quiet, and drama taught me how to I mean, kind of 
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develop from the introvert I was. I mean I'm still relatively quiet person but I think I did gain 

more confidence. Yeah it definitely gave me more confidence. 

Self-confidence and communication ability were often connected here. Marianne discussed how that 

confidence helped her “not care what other people think”, while it helped Michael come “out of his 

shell”. Timothy spoke about his personal development of confidence and communication ability through 

involvement in drama, transforming from a very shy child to a confident, communicative adult: 

I had trouble just talking to people, strangers especially and people who were older than me, I 

would just shut up and get clammy or whatever, so that was something I could recognize and 

public speaking was super hard. I remember once in elementary school, I knew everyone in the 

class, I had been at that school my whole life, and yet I go and talk and do a little book report at 

the front of the class and I was like shaking and could barely speak. I remember that quite 

clearly. And so I could recognize myself acting in this way and I didn't want to be like that. Like 

regardless of career goals that's just not a good way to go through life. You need to be able to 

speak. So I felt like when I started with church theatre that was a foot in the door an that really 

helped me get out there…. So that was like jumping into the deep end. I felt like it helped me a lot. 

He further explained the impact that this confidence has on his outlook and approach to every aspect of 

his life: 

I'm sure you can understand that confidence has huge ramifications on you as a person. But the 

public speaking for sure, that just has a lot of weight. It has a lot of effects in other areas. The 

confidence and the ability to speak tying into that, it changes how people perceive you, and 

people's perceptions of you changes how they deal with you and treat you. I think it just has a 

huge difference in that respect. Like just yesterday I was doing a presentation for a school project 

and I was just able to go up there and talk no qualms…. I just had no problem at all with the 

whole thing.… the confidence and the ability to speak stemming from the theatre and the music 

has really really big impact in the way I am interacting with by other people, and the way I also 
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go about interacting with the world. The enhanced ability to speak to other people or speak my 

mind, or even just put my thoughts into words changes my whole outlook. 

 Some participants identified the development of leadership skills through this increased self-

confidence and communication ability. Catherine developed leadership skills through “being on the 

executive of my school's drama club especially, like I had to develop and lead workshops for my school 

and everything”. Michael created and ran the badminton club at his high school, being “acting coach, 

captain, everything basically. So that was a huge leadership experience for me”.  He then elaborated on 

how this was useful to him in engineering because there was so much team-based learning: 

I find that there's usually like the team on the assignment or the project and I feel like also in 

software development as a team leader who organizes all of the meetings. Make sure that we're 

on task and that's crucial to meet deadlines in the group in a real-world engineering problem. 

These leadership qualities were mentioned and connected to engineering regularly by participants.  

 More cerebrally, students also believed that involvement, particularly in the arts, was helpful with 

developing multiple perspectives and successfully understanding others. Cordelia explained it as: 

understanding how others understand? Almost like empathy in the sense that if you've been 

exposed to multiple different ways of people understanding and experiencing and explaining 

things, then you can be in a discussion and see where someone is coming from and then phrase 

what you're saying in a more effective way.  

She connected this to engineering with an experience from a co-op placement, where communication was 

difficult between departments: 

I had a coop with a software company for eight months, and we would have demos where the 

developers would explain to the senior managers what they did. And a lot of the developers 

struggled with putting it into terms that these managers cared about? Because you know their 

world was developing a product and making it good. But they weren't able to phrase it in a way 

that made sense to people who weren't in their world. And I think that part of being exposed to 
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different perspectives allows you to enter a room and evaluate how you're going to say what you 

want to say in the most effective way possible for everyone to understand you in their own way.  

Frederick also elucidated on the importance of understanding other people in many different fields. As a 

jazz musician, he stated, 

You need to practice being good at interacting with your audience and knowing what they need to 

hear at a time, and what they're interested in, when you're off their interest. So you need to be 

good at interacting with people who are not in your field, who don't know the lingo. You might 

think like ‘hey this song is the best, look at all these crazy theory things’, and they might think it's 

really cool too, but they probably won't get it…And in engineering, your client won't get why it's 

a cool idea and they won't necessarily understand that your solution is the most innovative thing 

since rubber bands, and they won't necessarily get that. And music teaches you how to deal with 

that. And how their opinion of your work, even if it's not educated, is still valid. 

He further explained that there was a common perspective among students that those outside of 

engineering had less valid opinions, which he took umbrage with. The ability to understand and 

appreciate others insights and opinions was something he believed was important in any field, particularly 

one as holistic as engineering. 

 William connected involvement in many different activities outside of engineering as important 

for his engineering work, because it allowed for, “different perspectives. The more creative people are, 

the more likely they’ll have many perspectives and potentially find better solutions”. He thought having 

many different perspectives from all sorts of activities was a necessity for finding truly innovative 

solutions, as “when you have different perspectives or different views on life you’ll instinctively learn 

differently and come to problems from slightly different angles”. When asked about what he thought the 

most important factor to engineering creativity was, William responded simply, “being involved in 

something outside of engineering”.  
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Chapter 5 

Discussion 

 Chapter 4 presented analysis of all data, which was then used to respond to the research questions 

outlined in Chapter 3. The main research questions were as follows: 

1. What is students’ internal motivation to engage in engineering creativity as defined by their 

creative self-identity, self-efficacy, growth mindset, and tolerance of fears hindering creativity? 

2. What are students’ attitudes towards and understanding of creativity in engineering and in art? 

This chapter details interpretations of the results from both quantitative and qualitative data collection, 

organized to inform all research questions and associated sub-questions. A discussion of the limitations of 

the study closes the chapter.  

Research Question 1 on Students’ Internal Motivation 

 Students’ internal motivation for engineering creativity was simplified to four key factors: (a) 

creative self-identity; (b) creative self-efficacy; (c) creative growth mindset; and (d) tolerance of fears 

hindering creativity. Results from these factors are informed by both the quantitative data collection, and 

from interview responses.  

Creative Self-Identity 

 Survey data revealed that students generally had a somewhat positive creative self-identity, 

slightly agreeing that creativity was an important part of their being. Results in Table 37 indicate fairly 

consistent means across groups of gender, year of study, engineering discipline, problem-solving 

preference, and confidence in engineering creativity. Further analysis, however, revealed statistically 

significant differences between students who preferred closed-ended problems and those with neutral and 

open-ended problem-solving preference, with small and medium effect sizes respectively. This suggests 

that those students who consider themselves to be creative individuals have a higher propensity to select 

and enjoy open-ended, complex problems. These results reflect the creative personality characteristics 
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summarized by Treffinger et. al (2002), who associated creative self-identity in individuals with 

ambiguity tolerance and openness to experience –  both characteristics present in open-ended engineering 

problem solving (D. Cropley & Cropley, 2005; Mitchell, 1998).  

Significant differences were also revealed between participants who had high confidence in their 

engineering creativity and those with neutral or low confidence, both with large effect size. This also 

indicates that students who are more confident in their ability to successfully engage in engineering 

creativity view themselves as personally creative individuals. This supports the association of creative 

confidence and creative self-identity found by Karwowski (2016). These results also support a connection 

between confidence in engineering creativity and general creative self-identity, adding sustenance to the 

hypothesis of the hybrid domain specificity of creativity proposed by Plucker (2005).  

Several significant differences were found based on means of every creative arts variable 

grouping, shown in Table 40. These included arts involvement frequency, arts involvement duration, 

predominant childhood, teenage, and adult activity, and arts performance experience. Medium effect sizes 

existed in the differences between students with no arts involvement and those who had a high frequency 

of involvement at some point in their life, or who had been involved for 16+ years. This suggests that 

those highly involved in arts activities consider their creativity to be a more important part of themselves 

than those who do not, as reflected in Furnham, Batey, Booth, Patel, and Lozinskaya's (2011) study of 

self-rated creativity of arts and science students.  

This is supported through the qualitative findings, as interview participants often referred to their 

creative arts experience when expressing why they considered themselves to be creative individuals. 

Mary stated that she was creative and identified as such because “I’ve done a lot of arts and that’s usually 

what people use to qualify a creative person”. Participants also identified a disconnect between their 

conception of their creativity in engineering and in a more general sense, generally identifying with one 

more than the other. This lends support to the division between domains in creativity, at least in the 

mental formations of individuals (Amabile & Pillemer, 2012). Upon reflection, however, some students 
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questioned that dichotomy. Edward stated that “in my mind it’s separate but not different”. There is 

clearly murky water here, perhaps lending credence to the need for concrete definitions and understanding 

of creativity across domains and fields in order to advance research and educational methods (D. H. 

Cropley & Cropley, 2000; Plucker et al., 2004). 

Post-hoc testing revealed small and medium effect sizes in the differences in means of students 

who, as children, were not involved in art and those who were primarily involved in music or visual arts, 

respectively. There were also significant differences between those involved in music as teens compared 

to those with no teenage arts involvement, with medium effect size. Students involved in visual arts as 

part of their adulthood reported higher levels of creative self-identity than those uninvolved in the arts as 

adults, with medium effect size. It seems, then, that participation in visual arts and music reflect the 

strongest association with students’ personal creativity beliefs. There was no notable differences 

indicating that the age of arts involvement had significant effect on creative self-identity. Karwowski 

(2016) suggests that creative personal identity changes significantly over time, particularly growing from 

late adolescence to early adulthood. The reflective nature of this work, then, may not successfully indicate 

any significant connection between past involvement and current creative personal identity.  

Finally, participants who had performed or exhibited their work as part of their arts involvement 

showed stronger identification as creative than those who had never been involved in arts, with a small 

effect size. This is supported, to some extent, by Karwowski (2015) who found that, in a classroom 

setting, peers tend to strengthen an individual’s creative self-identity.  

Anecdotally, interview participants also identify performance and peer validation as 

strengthening their creative identity. Frank in particular spoke about the identification as creative that he 

had built due to peer validation. His creative self-expression was part of showing “how you’re different 

and how you’re unique”, helping him cement a place in social structures with his peers. Fiona described 

that identification by others as creative increased her mood and gave her confidence in her creativity, 

further integrating it into her self-identity. This can be seen as both a positive and a negative aspect, as 
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creative self-identification also has the potential to increase risk or severity of failure and judgement in 

creative endeavors (Karwowski, 2015). Higher identification as personally creative corresponds to the 

integrated regulatory style highlighted in self-determination theory (Deci & Ryan, 2008), where values 

are assimilated into the self. This indicates higher levels of intrinsic motivation.  

Creative Self-Efficacy 

 Across independent variable groups, engineering creativity self-efficacy levels were high, with all 

groups exhibiting greater than neutral engineering creativity self-efficacy beliefs, as seen Table 31. There 

was a significant difference by gender, with male participants showing more confidence in their 

engineering creativity than females, with small effect size. This is supported by Beghetto (2006), 

Karwowski (2011) and Karwowski et al. (2013). Not only do men tend to perceive their creativity to be at 

a higher level, but they also tend to overestimate it, while women underestimate their creative self-

efficacy (Karwowski, 2011).  

The qualitative findings also support this, with some female participants identifying a disconnect 

between the creative confidence of their female and male peers. Marianne and Grace both identified that 

gender may be an issue when considering engineering creativity self-efficacy, as engineering is a 

traditionally male dominated profession. Marianne identified that 

The difference between women and men in engineering is significant enough that…being creative 

and confident, speaking your mind and being open, being unafraid of rejections and how you 

treat other people – I think that’s a huge thing.  

Grace identified that there was a disparity in gender in creative confidence, which was more prevalent in 

her high school experience than in her undergraduate program. She comments on women generally 

having less confidence in their math and science abilities, which was most notable for her in high school 

as “in my friend group it was generally girls, but I think I was the only student in my whole group who 

was confident in my math and science abilities. All my other friends went into arts programs”. Marianne 

stated that she sometimes refrains from making comments in her engineering groups because her 
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groupmates “they feel like ‘I’m smarter than you, I know more than you’, and you’re with all boys. I’ve 

been in so many groups where I’ve been the only girl in the group”. Most female interview participants, 

however, generally felt confident in their creative ability. This is an important factor when considering 

building intrinsic motivation and confidence in all members of the undergraduate engineering cohort, 

encouraging diversity and inclusivity in team environments.  

 Students who preferred open-ended problems exhibited statistically significantly more creative 

self-efficacy than those who preferred closed-ended problems, with medium effect size. This supports the 

assumption of engineering creativity self-efficacy as integral to creative motivation, as those students who 

are more self-efficacious prefer to engage in problems requiring them to use their creativity. Large effect 

sizes existed in differences between all levels of creative confidence groupings, supporting the legitimacy 

of this scale for successfully capturing engineering creativity self-efficacy.  

 As seen in Table 34, participants predominantly involved in the visual arts in their adulthood 

exhibited significantly more engineering creativity self-efficacy than participants engaged in ‘other’ arts 

activities, such as creative writing, woodworking, or crafting. There was a medium effect size in this 

difference. It is possible that the process of engaging in visual arts is perceived as more creative than 

activities such as crafting or woodworking, which often involve completing pre-determined projects or 

tasks.  

Creative Growth Mindset 

 Creative mindset was neutral across all independent variable groups, as seen Table 21. Year 3 

students showed significantly more evidence of a fixed or static mindset than year 4+ students, who 

generally exhibited a more neutral creative mindset, with medium effect size. There was no recognizable 

trend in creative growth mindset throughout all years of study, which limits the generalizability of these 

findings. There is some connection identified by interview participants, who state that opportunities for 

creative expression in engineering (namely design projects) often occur in first and fourth year. John 

mentioned that there was little opportunity for creativity in lower year courses, but he was hopeful that 
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“for the upper year courses we’ll have more opportunity on projects”. The lack of design opportunities in 

third year curriculum may play a part in the slight shift in creative mindset of year 3 students, but this 

needs further study to be a valid conclusion.  

 Most interview participants exhibited a growth or incremental mindset toward creativity, 

indicating that it was something that could be developed and learned. This was evidenced through such 

statements as “I think you can learn to be creative”, “I think it’s something that we kind of all have”, “in 

my opinion creativity is a skill… something you can develop”. Participants sometimes exhibited a 

disparity between creativity self-development and the concept of teaching creativity, saying “I don’t think 

you can teach somebody to be creative”, “you can just create an environment where people can choose to 

be creative or not”, “it’s not something I think you can teach like they teach math”. This was often 

attributed to the personal investment necessary to develop creative capacity. As stated by Timothy, “I 

think it is something that can be learned, but not without the complete desire to do so on the part of the 

person learning”. This reflects the necessity of intrinsic motivation on learning, as supported by Amabile 

and Pillemer (2012). 

There were no significant differences in creative growth mindset by creative arts involvement 

variables, highlighted in Table 24. Considering the literature that supports a connection between arts 

involvement, perseverance, and ownership of learning (Burton et al., 2000; Larsen, 2018), this was a 

surprising result. It could be evidence of the effect of domain specificity on personal creativity beliefs – 

participants showed no connection between creativity in art and general creativity. Interview participants, 

however, often spoke of how arts involvement shifted their creative mindset, or influenced their learning 

style in general to be more representative of a mastery goal-orientation.  

The identification that creative success comes from effort was particularly prevalent among 

students involved in music, who identified perseverance as one of the most notable things that they had 

developed from their arts involvement. Anne, a pianist, identified that “if something’s not working right 

away, you do have to be patient and keep working at it, as opposed to giving up”, while Jane, a violinist, 
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concurred that she had discovered “the value of building your fundamental skills and techniques and 

stuff… so that you can do really beautiful things”.  

Tolerance of Fears Hindering Creativity 

 Subscales were constructed for each of the fears that hinder creativity proposed by Kelley and 

Kelley (2012, 2013): (a) fear of the messy unknown; (b) fear of judgement; (c) fear of the first step; and 

(d) fear of losing control. Fear of losing control was not extracted as a factor for analysis, which may be 

because the correct questions were not created for the scale, or because this fear does not translate cleanly 

to an engineering context. The created scales for measuring this factor centered around the loss of control 

of the creative process, but this suggests that it may have been wiser to incorporate the loss of control of 

the creative team as part of this analysis, as also suggested by Kelley and Kelley (2013).  Repercussions 

of this are further discussed in Limitations.  

Fear of the messy unknown. Descriptive statistics suggest that participants generally had 

moderately low fear of the messy unknown, summarized in Table 26. This result was consistent across all 

variable groupings. Post-hoc testing revealed students with open-ended problem-solving preference 

exhibited significantly less fear of the messy unknown than those with neutral or closed-ended problem 

preference, with medium and large effect size respectively. This suggests that perhaps the fear of the 

messy unknown is a factor which prevents students from gravitating towards open-ended, creative 

problems in their engineering work.  

This fear or barrier was not as prevalent in the participant interviews, but some students did 

identify that creative, open-ended problems could be overwhelming. Henry recounted his confusion with 

completely open-ended projects with minimal direction, where they “require so much creativity and it’s 

so vague that even the supervisor may not know if it’s possible. Like is the task really achievable, or are 

they just sending you on a wild goose chase?”. Lydia also considered completely open-ended problems 

“daunting”, because there were so many possibilities for solutions. This could be related to the fear of the 
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messy unknown proposed by Kelley and Kelley (2012, 2013), reflecting the overwhelming nature of 

stepping outside of your comfort zone.  

Students with high confidence in their engineering creativity also exhibited less fear of the 

unknown than low or moderately confident students, both with medium effect sizes. This suggests a 

connection between creative self-efficacy and comfort with ambiguity. This is supported by creativity 

research, indicating that creative individuals generally possess high self-confidence beliefs and comfort 

with the unknown (Barron & Harrington, 1981; Treffinger et al., 2002).  

Qualitative findings support the statistical results, as students often discussed that doing new 

things was important in their creative self-confidence. Cordelia discussed how her interest in new things 

has shaped her, saying “I’ll try to learn anything new. At this point it just feels like that’s who I am”. 

Elinor mentioned that, to be creative, “you shouldn’t be afraid of trying new things”. Fiona summarized 

how her involvement in many new things has been beneficial to her confidence in success, saying “I 

think, because you succeed in one thing, you kind of think that this other thing is kind of similar, so then 

you think ‘oh I’ve got that, I can probably do this too’”.  

 Participants showed generally low levels of fear of the unknown across creative arts groupings, 

shown in Table 29. There were no statistically significant differences for arts involvement in this factor. 

This was contrary to qualitative findings, where students often felt that the ambiguous nature of art helped 

prepare them for other experiences with open-ended creative problem solving. Penelope, for example, 

spoke about how she felt that open-ended engineering problems were “still daunting but they weren’t as 

daunting, because I think art in general is very open-ended. So being creative and not having a certain 

solution in mind has helped a little bit in being creative in engineering”.  

Fear of judgement. Descriptive statistics in Table 43 indicate low levels of fear of judgement 

across all variable groupings. Females reported more fear of judgement in engineering than their male 

peers, with small effect size. This is supported by Piirto (1991) who found that women often find social 

objectives more important than goals connected with achievement, including creative achievements. 
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Female students may be less likely to voice their ideas to achieve a creative product or solution, if they 

believe that could cause group disharmony. This was discussed by Marianne in terms of gender imbalance 

in creative confidence, as she mentioned a difference between men and women in “being unafraid of 

rejections and how you treat other people”, supporting the statistical findings.  

Statistically significant differences were found between groups in both the problem-solving 

preference and confidence in engineering creativity variables. Participants with preference for closed 

ended problems demonstrated more fear of judgement than participants with neutral or open problem 

preference, with small and medium effect sizes respectively. This result suggests that the fear of 

judgement from peers may influence students in choosing ‘safer’ closed-ended problems where creativity 

is not expected or encouraged. 

Those with high confidence in their engineering creativity also had statistically higher levels of 

judgement tolerance than those with low or moderate confidence, with large and medium effect sizes, 

respectively. This result is intuitive and also significant. Students with high creativity self-confidence 

exhibit more resilience to judgement from peers in creative environments, an important factor in creative 

output (Batey & Furnham, 2006; Pervin & John, 1999) .  

The fear of judgement was the most often discussed internal barrier to creativity in individual 

interviews. Students described this fear in terms of being “afraid of what other people are going to think 

and say about your ideas”, being “very unwilling and fearful to advocate for their ideas”, or how they 

may not want to “suggest a wacky idea for fear of being shut down”. This was particularly prevalent, as 

students recounted that almost all opportunity for creativity in their undergraduate programs occurred in 

team-based projects. Participants like Elinor spoke about how the students in their teams influenced their 

willingness to be creative, due to fear of judgement, “it depends on who I am presenting it to”. 

Interestingly, the fear of judgement was not identified by Kazerounian and Foley (2007) as a prevalent 

barrier to engineering creativity. They discuss encouraging risk from the educator’s perspective, but don’t 
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consider the moderating effect of team influences on creativity. Toh and Miller (2016), however, discuss 

the effect of design team dynamics on creative output of engineering students, supporting these findings.  

Non-parametric testing revealed further statistically significant differences in this factor, 

highlighted in Table 53. Students enrolled in mechanical-based programs exhibited higher tolerance of 

judgement than those in “other” programs, which was comprised of mainly general first year students, or 

those undeclared. This had a large effect size. Year 3 participants also showed statistically higher 

tolerance of judgement than first year students, again with large effect size. This suggests that perhaps 

students in upper years and mechanically-based programs are given more opportunity to deal with 

judgement from peers in their engineering programs. This also may be a result of emotional maturity of 

upper year students.  

There were no statistically significant differences in tolerance of judgement by creative arts 

variables, despite literature which suggests that involvement in arts develops self-confidence and 

connectedness in students (Bower & Carroll, 2015; Ogden, DeLuca, & Searle, 2010). Interview 

participants also indicated that their arts involvement was useful in overcoming their fear of judgement, 

particularly as related to public performance or exhibition. Fiona, for example, recounted an embarrassing 

incident at a piano recital where “everyone laughed at me and I felt really bad about that, but I still kept 

playing”. Frederick spoke of how “any interaction you’re able to have with other people in a creative 

context is beneficial for engineering, in the sense that you get to learn how to deal with other people 

saying your ideas are bad”, while Henry explained that “performing music requires a lot of confidence… 

especially in jazz, you’re improvising. Standing there with your instrument in front of maybe about a 

thousand people, just improvising. This is my instrument, these are the sounds in my head, do you like 

them?”.  

Fear of the first step. As seen in Table 48, participants generally reported fairly neutral levels of 

fear of the first step in engineering. Female participants exhibited significantly higher levels of fear of the 
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first step than males, with small effect size. This, again, may be connected to gender bias in confidence 

levels of female students, as suggested by Karwowski et al. (2013).  

Significant differences between groups were found for Year, Problem Solving Preference, and 

Confidence in Engineering Creativity. Participants in their first year of study reported statistically higher 

levels of Fear of the First Step than students in Year 4+, with small effect size. This is encouraging, 

suggesting that the fear of the first step is reduced as students move through their undergraduate 

education. This may be due to repeated exposure to open-ended problems through design education, or 

simply due to maturity and personal experience.  

Open-ended problem solvers tolerated the first step statistically more than closed-ended problem 

solvers or those with no preference, both with medium effect sizes. This is again, an intuitive result – 

those students with less fear of decision making and self-directed problem solving are more likely to 

engage in problems with no set procedure or single correct answer.  

There were medium to large statistical differences between participants with high confidence in 

their engineering creativity and those with low or moderate confidence, with high confidence participants 

reporting lower levels of fear of the first step. This suggests that students with self-efficacious beliefs in 

their engineering creativity are less fearful of self-guided problem solving, indicating high levels of 

competence beliefs in those individuals (Deci & Ryan, 2008).  

Fear of the first step was not directly discussed by interview participants, but they often referred 

to fear of decision making in terms of failure, or not achieving the “correct” answer. This was discussed 

both in terms of academic failure (“you don’t want to be creative or you’ll lose your marks”, “creativity 

doesn’t really have a perfect score”, “you’re in school, trying to get a good grade. I think that’s 

something limiting in that environment”), and in terms of design failure (“people are afraid to do 

something different because they don’t know if it’s going to work”, “where there is less room for error 

there is less room for creativity for sure”, “it can be scary that your solution may not be the right one”). 
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Fear of academic failure reflects a lack of autonomy in engineering project curricula, a hindrance to 

internal motivation. 

 Creative arts variable groupings also showed relatively neutral levels of fear of the first step, seen 

in Table 51. There were no statistically significant differences in means for any of the groupings by 

creative arts involvement.  

General Internal Motivational Tendencies 

 Literature supports the connection between the above characteristics and internal motivation, 

particularly in the context of creativity (Amabile & Pillemer, 2012; Karwowski, 2014; Prabhu, Sutton, & 

Sauser, 2008; Schunk, 1991, etc.). Positive engineering creativity-self efficacy, creative personal identity, 

creative growth mindset, and tolerance of fears hindering engineering creativity indicate high internal 

motivation for creativity in engineering. To simplify this motivational model, high levels of more than 

two factors must be present in order to successfully indicate internal motivation. This relationship results 

in 24 possibilities of internal motivation, most of which indicate students “may be” internally motivated 

(two high scoring factors and two low scoring factors).  

 Based on the above discussion, students generally exhibited internal motivation for engineering 

creativity. Fears that hinder creative thinking were generally low in participants, indicating high tolerance 

for these barriers. Engineering creativity self-efficacy was high, while creative mindset was generally 

neutral. Creative personal identity beliefs were neutral to slightly positive for most students, but high for 

those students involved in the arts. The higher personal identity beliefs may provide a turning point for 

students in their internal creative motivation, shifting from possible internal motivation to a higher 

probably of motivation for creativity in engineering. The summary of personal characteristics influencing 

internal motivation for general and arts involved student groups is shown in Table 57. 
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Table 57  

Summary of internally motivating personal characteristics in general and arts involved student groups, 

based on statistical results. 

 

 

There was not enough statistical evidence to suggest differences in internal motivation by year of 

study or engineering discipline groups. Results did suggest, however, that females showed significantly 

lower levels of engineering creativity self-efficacy and more evidence of fears that hinder creativity. This 

suggests that male engineering undergraduate students may be more internally motivated to engage in 

engineering creativity than their female peers. A summary of results is provided in Table 58. It is noted, 

however, that differences in effect size in these statistics were often small, and as such may not have such 

a dramatic effect. Female interview participants did not conform to the statistical results, showing high 

tolerance of creative fears and generally high engineering creativity self-efficacy. However, some 

participants identified a perceived lack of creative self-efficacy in their peers in group situations.  

Table 58  

Summary of internally motivating personal characteristics in male and female student groups, based on 

statistical results. 

 

Research Question 2 on Student’s Attitudes and Understanding  

 Student attitudes and understanding of creativity in engineering and in art were explored through 

semi-structured interviews. This resulted in several findings to address the sub-questions for Research 

Student Groups Creative 

personal 

identity 

Engineering 

creativity 

self-efficacy 

Creative 

growth 

mindset 

Tolerance of 

fears 

hindering 

creativity 

Internally 

motivated? 

General Maybe or No Yes Maybe or No Yes Maybe 

Arts Involvement Yes Yes Maybe or No Yes Yes 

Student 

Groups 

Creative 

personal 

identity 

Engineering 

creativity 

self-efficacy 

Creative 

growth 

mindset 

Tolerance of 

fears 

hindering 

creativity 

Internally 

motivated? 

Male Maybe or No Yes Maybe or No Yes Maybe 

Female Maybe or No Maybe or No Maybe or No Maybe or No No 
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Question 2, including a comparison of the nature of engineering versus artistic creativity, the value of 

engineering creativity and of artistic involvement, the connection between artistic involvement and 

creative confidence, and perceived barriers to creativity in engineering education and in art.  

Definition  

Of engineering creativity. The definition of engineering creativity was assessed through the 

open-ended survey question and was often discussed in participant interviews. Generally, students 

identified some sort of creative process that was described with a quality, or that resulted in a product 

characterized with the same quality descriptors.  

 Problem solving was the most popular process identified by students, occurring in 30.26% of 

responses. This was followed by several processes (idea generation, design, or applying knowledge, as 

examples) ranging in response rates only from 1.72 to 6.22%, indicating a strong bias toward problem 

solving in student perception of engineering creativity. Interview participants discussed engineering 

creativity as important because “engineering is mostly problem-solving” and “creativity is an important 

part of the design process”. The strong bias toward problem solving perhaps represents pedagogy in 

design education, where students are often encouraged to be creative (Daly et al., 2014; Waller, 2016).  

Characteristics identified revolved around uniqueness (the most popular, occurring in 23.82% of 

survey responses), novelty (occurring in 18.03% of responses), and effectiveness (occurring only in 

7.73% of responses). This is consistent with engineering creativity literature (D. Cropley & Cropley, 

2005). Interview participants supported this, often discussing uniqueness “think[ing] outside the box”, or 

“see[ing] different solutions that other people wouldn’t see”. Newness was also discussed as important to 

engineering creativity, as “a lot of the stuff we have today is made by people who had new ideas”, 

sometimes a result of outlandish or wild concepts. Interview participants also raised the necessity of 

having useful or effective solutions as integral to engineering creativity, as “engineers have to be more 

creative… and make it useful”.  
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Of artistic creativity. Students in personal interviews often discussed the essence of artistic 

creativity, while not necessarily concretely defining the term. Generally, creative arts experiences were 

described as “an escape from thinking hard”. Emotional expression was also considered a common 

aspect of artistic creativity, which was different than engineering creativity, as students didn’t “see it as 

expressing [themselves]”. The focus of artistic creativity was personal expression, rather than pleasing or 

satisfying a client or professor, as was the focus in engineering creativity. This connects artistic creativity 

to strong intrinsic motivation, as discussed by Ceci and Kumar (2016) who found artistic endeavors to be 

tied to enthusiasm, excitement, passion, and curiosity.  

Both engineering and artistic creativity required a solid foundation of knowledge, as described by 

interview participants, “you need to have the technical knowledge”. Frederick described this in detail, 

saying that “if you’re constantly expanding your understanding of your field, then you have a lot more to 

draw from and bring into contexts that it hasn’t been thought of before”. This reflects the domain-

relevant skills necessary for creativity in Amabile’s (1983) theory of creativity. Students also posited that 

a wide range of interests and knowledge were useful both for engineering and artistic creativity, as having 

“multiple interests and multiple exposures to things … helps things synthesize”. This is supported by 

literature in education (Cheng, 2016; Pluut & Curşeu, 2013), suggesting that diversity of experience is an 

important aspect of creativity, both in team contexts and individually.  

Participants also identified that both engineering and artistic creativity as “just fun”, “a joyful 

experience”. Frank identified that he “love[d] when he [could] make new things”. This freedom and joy 

in both domains of creativity again speaks of intrinsic motivation for engagement, based on enjoyment 

(Deci & Ryan, 2008).  

Creative processes. Creative thinking processes were described and discussed by undergraduate 

participants, particularly in the context of the differences or similarities between creating in art and 

creating in engineering. Differences discussed revolved around the focus on personal and emotional 

expression in art as opposed to client-focus in engineering. This suggests that artistic creativity is 
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grounded more in internal motivation, while externally motivating or demotivating factors have more 

influence in engineering creativity. While interview participants expressed deep excitement and passion 

for creativity and innovation in engineering, it was more often moderated by external factors, while 

artistic expression was seen to be more “free”. This freedom of process reflects autonomy characteristics 

in self-determination theory of motivation (Bujacz et al., 2016; Cook & Artino, 2016), suggesting that 

students lack this autonomy in their engineering projects.  

 Several students, however, drew connection between the two processes, explaining that they 

approached both in similar analytical ways. William described breaking down each problem into smaller 

portions to best figure out how to solve it, “they’re similar because you’re coming up with the problem 

and you’re looking at it and deciding how you want to approach it”. Fiona also described her creative 

process as similar across domains, as “I sort of do it in parts”. This similar analytical approach is notable 

and suggests that creative thinking methods and tools can be effectively taught across disciplinary 

boundaries. This reflects the cognitive styles and creativity-relevant skills suggested in Amabile’s (1983) 

theory of creativity  

Value  

 Student interviews were used to investigate value for engineering creativity in students, as well as 

value for artistic involvement.  

Of engineering creativity. The value of engineering creativity was unanimous amongst 

interview participants. All agreed that creativity was important in engineering, mainly as it was necessary 

for complex problem solving and creation of new and useful ideas, as discussed in the Definition section.  

 Most participants valued creativity in their education because they thought that it was necessary 

to prepare them for the creative skills required in their future careers, seen in statements such as “if 

engineering didn’t have any creativity it would be a different profession”. However, they also felt that 

this importance was not always reflected in opportunities within their undergraduate programs. Frank 

highlighted that “I run into a lot of people who are doing perfectly fine in an academic sense without ever 
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having to apply creative knowledge”, while Mary said “you could get through your whole degree and 

pass all your courses without being creative”. This, participants thought, was a flaw in their educational 

experience, ill preparing them for the tasks that they would be faced with in their careers.  

 Some participants discussed the disparity of perceived value for creativity by their instructors, 

namely that they believed their instructors and professors did not value creative answers and solutions, 

but rather are “looking for you to regurgitate the information they’ve given you, in the form they’ve given 

it to you”. Fiona elaborated, saying “I find that certain teachers, professors want me to do it a certain 

way, they’re not very flexible”, while William stated “it’s never really come up with professors about how 

to be creative, how to do creative things”. This disconnect in perceived value was highlighted based on a 

lack of reward for and a lack of acknowledgement of student creativity. Reward for creativity is often 

referred to as necessary to motivate and promote engineering creativity (Badran, 2007; Berglund, Daniels, 

Hedenborg, & Tengstrand, 1998) 

 Charles believed his instructors didn’t value engineering creativity, because creativity was not 

assessed or rewarded in any way in his education, “creativity is not really incentivized in any way in the 

programs I’ve been in”. Henry focused on lack acknowledgement of creative work as evidence that his 

professors did not value his creative contributions, “when I’m given an assignment and I know that the 

teacher isn’t going to really look at it…and it’s never going to get looked at or appreciated then that 

makes me not want to put in the effort”. This disconnect in perception of value is consistent with the 

findings of Kazerounian and Foley (2007), who found that students demonstrated value for creativity that 

was not shared with their professors. This suggests that, when presented with an opportunity to be 

creative, assessment or acknowledgement and encouragement are key components in fostering a creative 

atmosphere in undergraduate engineering education. This is an interesting conclusion – although 

recognition seems an intuitive piece of the motivational environment, this disputes findings suggesting 

that expected reward and evaluation are “sure-fire killers of creativity” (Hennessey, 2003, p. 263) 

(Amabile & Pillemer, 2012; Hennessey & Amabile, 1998). 
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Of arts involvement. Interview participants all had experience with the creative and performing 

arts, which varied in intensity, ages of involvement, and across a wide variety of different activities and 

pursuits. All participants discussed things that they believed were valuable about their experience in the 

arts and with artistic creativity. These can be characterized into three groups: (a) feelings or emotions 

evoked during artistic engagement; (b) thought-patterns or personal characteristics developed through arts 

experience; and (c) physical skills and proficiencies developed through arts experience.  

Emotional response. The value of artistic engagement was often discussed by participants as 

being a “release” from stressful situations or busy schedules. Some students likened artistic involvement 

to a meditative state, allowing for complete focus, “anything creative it’s like you’re fully in it with your 

whole brain”, “it’s a way to escape what I’m currently doing, what’s going on around me, and just focus 

on something different, focus on a different world”. Others found value in the relaxation and calmness 

that came from their artistic endeavors, “creativity gives me more a sense of mind and a sense of 

calmness”, “I found that going to choir was my time to release all of the stress that I had inside and 

relax”, “it’s a de-stressor, you don’t need to actively think about it”, “it’s just cathartic and relaxing”. 

This was often connected to emotional release for students, allowing relaxation, as Frederick stated, “it’s 

kind of cathartic, a way to express emotion and anything else you want to”. Several connected arts 

involvement to mental health benefits, particularly centered around school-related anxiety.  

Personal characteristics. More tangible value centered around personal growth and development. 

Many students spoke of increased patience and perseverance in the face of difficult problems, which was 

discussed in the Creative Growth Mindset section. Other qualities included empathy and understanding 

others (“you’ve been exposed to multiple different ways of people understanding and experiencing and 

explaining things”, “music teaches you…how their opinion of your work, even it it’s not educated, is still 

valid”), communication ability (“the confidence and ability to speak stemming from the theatre and music 

has a really big impact in the way I am interacting with other people”), and self-confidence (drama 

“brought me out of my shell in a way…it definitely gave me confidence”, “my extra-curricular 



 

172 

 

activities… have just helped me become over a more confident person”). Communication and self-

confidence were often discussed in conjunction, generally with regards to not being afraid of the 

judgements or opinions of others. This strengthens Kelley and Kelley’s (2013) fear of judgement 

hypothesis, lending credence to the necessity to overcome this fear in order to successfully engage 

creatively.  

Indeed, several connections were made between arts involvement and overcoming fears proposed 

by Kelley and Kelley, which students found had great value in their lives and in their engineering 

practice. Music performance was often given as an example of an artistic endeavor that helped students 

acclimatize to a critical environment, “I think music is a good field to do that in…. learning to deal with 

criticism”. Creative arts were also identified as prime opportunities for students to become comfortable 

with the ambiguity of open-ended problems “because I think art in general is very open-ended”. This 

benefitted participants in overcoming the fear of the messy unknown by building a tolerance to multiple 

perspectives, answers, and ambiguity. We see here a demonstration of building the creativity-relevant 

skills posited by Amabile’s (1983) theory of creativity, including keeping response options open and 

breaking set to allow for new perspectives.  

Several factors were involved in giving students confidence in their creativity, most notably 

involving peer- or self-reinforcement and appreciation. A supportive creative community was often 

mentioned as part of participants arts experience, which several interviewees explained was integral in 

building the confidence in their creativity necessary to keep taking creative risks. Interview comments 

included: “I think having supportive people around me…Friends who encouraged me to keep going with 

whatever I was pursuing”, “I love getting a good laugh or having people acknowledge that I’ve had a 

good idea”, and “you get a sense that I am good at this and can improve this”. Some students often 

identified public performance as useful to validate their own creative expression, while others focused on 

the personal satisfaction of noticing gradual improvements, “the feeling you get when you finally master a 

song or a section”. These positive aspects of the arts experience serve to boost student confidence in their 
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creative ability. The integration of support and feedback structures or means to showcase gradual 

improvements should be examined with regard to engineering education to foster creative growth.  

Academically successful students also felt that this gave them more confidence to take creative 

risks both in art and in engineering, “I tend to do pretty well academically…so that gives me confidence”. 

Students who exhibited high academic confidence felt surer that creative risk taking would result in 

academic reward, while those with lower academic performances did not. This again highlights the need 

for assessment and reward of creativity in engineering, to “level the creative playing field” so to speak.  

 Finally, participants spoke of more obvious skillsets developed through arts involvement, such as 

proficiency with photographic equipment, writing skill, drawing skill, and spatial awareness. These were 

often applicable to engineering but reflected a lack of introspection among participants. Self-reflection is 

often recommended as a key component of learning (Zimmerman & Schunk, 2008), suggesting that more 

self-reflective opportunities would help students fully benefit from their curricular and extra-curricular 

engagements.  

Creativity Barriers  

A common theme of discussion throughout all participant interviews were barriers that might 

limit creativity. This encompassed internal and external barriers that students perceived could hinder 

engineering creativity. 

External barriers. Many students identified external factors present in their education that 

prevented or limited creativity in their engineering education. These barriers included: (a) lack of 

opportunity; (b) rules and guidelines; (c) lack of time; and (d) student teams. 

Lack of opportunity. Participants felt that there was not much opportunity available to them to be 

creative in their engineering work. Students all referenced team-based design courses as one of the only 

areas where they felt that they were able to be creative, of which there were generally few in their 

undergraduate programs, “I think in our whole degree we really only do three projects that we design”. 

More traditional technical courses were not perceived to have room for creativity, both because of lack of 
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perceived value by engineering instructors (as discussed in the value for creativity section), and because 

work was often presented in closed-ended problems with one correct answer.  

Rules and guidelines. Participants referenced challenges with being creative when faced with 

constraints (“definitely the second that you have to face constraints it makes the problem completely 

different”, “I don’t necessarily like having so many constraints and everything because… it stifles that 

creativity”). However, students also felt that these rules helped them flex their creative muscles. Those 

students who felt limited by regulations and constrictions often focused on having a creative solution, 

while those who enjoyed the challenge using creativity to solve real-world problems focused on the 

creative process of devising a useful solution. This reflects the difficulty of opposing definitions of 

creative action and product, reinforcing the notion of a cohesive definition that may lead to less confusion 

among students about the nature of creativity.  

Lack of time. Results from interviews suggested that the heavy workload in undergraduate 

engineering attributed to a sense of lack of time for creativity in engineering coursework. Interview 

comments included: “because of how busy engineering is you’re forced to sort of prioritize your time a 

lot more”, “you’re trying to get the minimum done so you can move on to something else”, and “I’m 

going to take the straightforward solution to save myself time”. There was often a suggested trade-off 

between time required and reward, with many participants stating they often were forced to work in ways 

which required the least amount of time for the greatest amount of marks. Given the lack of reward for 

creativity (discussed in the value of engineering creativity section), this often resulted in taking standard 

approaches. Many studies suggest that workload was largely influenced by interest in the work (Kember, 

Ng, Tse, Wong, & Pomfret, 1996; Kyndt, Berghmans, Dochy, & Bulckens, 2014), however the results of 

the present study suggest that even students with high interest in their work will default to standard 

approaches when confronted with severe time constraints. This is consistent with findings that suggest 

time constraints as a severe block to creativity and intrinsic motivation (Hennessey, 2003). This calls into 

question the student perception of relative cost of engagement in engineering creativity, and begs 
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investigation of the creative environment through the lens of Eccles et al.'s (1983) expectancy-value 

theory of motivation.  

Student teams. Participant opinion on working in teams while tackling creative projects was 

divided; working in a good team was very helpful to creativity, while working in a bad team had negative 

consequences for creative output. Cordelia explains that “if people around you tend to dominate the 

conversation …that’s an environment that doesn’t really allow for much creativity”, while Frederick 

stated that he found teamwork beneficial to creativity because “you get to concentrate the density of 

creativity in a particular space”. It seems, then, that there is a balancing act for creative team-work. 

Diverse opinions allow for multiple perspectives and idea building, but too much diversity or 

miscommunication hinders creativity. This is supported by Harvey (2013), who found that deep diversity 

lead to groups that failed to build on and integrate one another’s ideas, leading to products with less 

creatively elaborated and integrated ideas.  

Internal barriers. When asked about things that may prevent them from being creative in an 

engineering context, most participants referred to personal fears or characteristics that they felt were 

possessed by themselves or their peers. Most of these responses reflected the concept of creative 

confidence, and how confidence is necessary to successfully be creative. Several internal barriers were 

identified that should be overcome to successfully engage creativity, such as: (a) fear of judgement; (b) 

fear of being different or doing things differently; (c) fear of being wrong/failure; and (d) overwhelm at 

breadth of possibility.  

Fear of judgement. Participants most commonly identified the fear of being judged by their peers 

for having “bad ideas” or being overly critical. This was discussed in the Fear of Judgement section 

above, describing group differences in perception. Jane discussed how “having a good environment for 

creativity is having that judgement free zone”, which students discussed both in terms of social rejection 

and academic achievement. These fears were magnified when in the presence of peers who, participants 
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believed, “don’t really care” about being creative. This confirms Kelley and Kelley’s inclusion of the 

fear of judgement as a relevant factor hindering creativity.  

Fear of being different. Participants often referred to a fear of being different, both in the sense 

that this may result in social rejection, but also that doing things in a different way had no guaranteed 

outcome. John discussed this concept as “a pressure to conform to the standard way of doing things. It 

might be intimidating for other people to kind of stray away from that and solve a problem differently”. 

Straying from accepted norms and conventions is often identified as a key characteristic of creative 

individuals (Barron and Harrington, 1983; Treffinger et. al, 2002), supporting the need for individuals to 

overcome this fear to access their creative potential.  

Fear of being wrong/failure. Participants discussed the risk inherent in creativity as the fear that 

they would be “wrong” or “make mistakes”. The uncertainty that accompanies new ideas was often 

discussed as a barrier to students, who weren’t sure if those new ideas would be feasible. A clear 

connection can be seen to the fear of being different in this context, with Charles commenting that “a lot 

of people are afraid to do something different because they don’t know if it’s going to work...I don’t need 

to ask people how to do things…I think that helped inspire my own creativity in some way”. This was 

deemed particularly detrimental in engineering, as safety is a foremost concern in this profession. 

Encouragement from clients and professors for creative solutions may help combat this “risk and safety-

paralysis” seen in engineering students. 

Failure also took the form of academic or course failure, with students fearing repercussions for 

creative output in the form of low marks, “with academics there is a right answer and I have to get that 

right answer, so I’m not going to waste my time trying to throw around my creative skills”, “you’re 

forced to just do exactly what they say…because you don’t want to be creative or you’ll lose your marks”. 

This further confirms the need for assessment and reward of creativity in engineering education. This fear 

of the repercussions of the unknown solution can be tied to Kelley and Kelley’s fear of the messy 

unknown, again confirming this as a relevant factor influencing creativity in engineering students. 
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Participants also discussed the fear of failure in terms of choosing or selecting the wrong solution. This 

hesitance with decision making is indicative of the fear of the first step, confirming the appropriateness of 

that factor in an engineering context.  

Overwhelm at possibility. Fears of the unknown and the first step were also showcased in 

participant responses that discussed how open-ended creative problems could be overwhelming in their 

open-endedness. As Lydia said, “a lot of them are so open-ended it’s kind of daunting”. This suggests 

that students may encounter difficulties holding multiple perspectives and allowing time for incubation, as 

recommended by Kazerounian and Foley (2007).  

Limitations 

 As with any work, there are several limitations present in this study that limit its effectiveness and 

legitimacy. The generalizability of the study was affected by the sampling method and survey instrument, 

as well as non-normal data. Limitations with the qualitative portion of the work involved participant 

selection and biased interpretation and analysis from the researcher. 

Sample 

 Non-random sampling methods were used for the study, and a small sample size was achieved. 

At 267 responses, this represents a low response rate of approximately 1%. The low response rate and 

lack of proportional representation by gender limits the generalizability of the research findings. The 

work does, however, provide data from nine engineering institutions across Canada, increasing validity 

and generalizability.  

 The survey itself was distributed by academic staff and faculty of participating institutions, 

perhaps meaning that those who chose to assist with survey distribution had higher interest in the 

integration of creative arts and engineering. Similarly, the participants themselves were self-selected. It is 

very likely that students who had high value for creativity and/or the creative arts chose to participate. 

This, considered with the low survey response rate, suggests a degree of sample bias.  
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Survey Instrument 

 The instrument itself had limitations. Cronbach’s α values were above the recommended 0.7 for 

all factors, suggesting strong internal reliability. However, factor 4 – Creative Self-Identity, only had 

three strongly loading questions, and thus caution should be applied when interpreting the descriptive and 

inferential statistics, particularly if generalizing to the broader population. 

The intended factor for Fear of Losing Control was also not extracted as a relevant factor in 

analysis, meaning that all four fears proposed by Kelley and Kelley (2012, 2013) were not measured by 

the survey instrument. This missing factor in the survey instrument may mean that a significant aspect for 

analysis was overlooked in this work. Alternately, it may suggest that this factor does not cleanly translate 

to an engineering context.  

Data non-normality also suggests that survey questions were too strongly or weakly worded, 

allowing for kurtosis and skewness in responses. Non-parametric analyses were used to check the effect 

of non-normality on statistical results, finding no effect in group differences for factors 1, 2, 3, 4, and 6. 

However, this may have had unexpected results on statistical analysis, and should be considered when 

reviewing findings and conclusions. 

Interview Participant Selection 

 Like the limitations with survey participant self-selection, interview participants were selected 

from a list of students who volunteered following survey completion. This, in a sense, compounds 

response bias. Those students who completed the survey may already have had a predisposition to valuing 

creativity, and those who volunteered for interviews may have even higher value for creativity and the 

creative arts. This would have had an impact on the opinions expressed about creativity and about the 

value of creative arts involvement. The $15 gift card offered as compensation for interview participation 

may also have influenced which students volunteered, and in turn, the responses of those who were 

selected. However, the inclusion of remuneration may have reduced the bias mentioned earlier, providing 

external reward for participating to students who may not have strong internal motivation to do so. These 
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recruitment and selection processes should be considered with regard to their effect on the authenticity 

and trustworthiness of the qualitative data collected. The self-selection of interview participants may also 

impact the generalizability of the qualitative data. Participants tended to be highly self-reflective and 

interested in arts activities, which may not be representative of the ‘typical’ undergraduate engineering 

student.  

Researcher as the Instrument 

 The bias of the researcher as the instrument is one inherent to qualitative research. Effort was 

made to “bracket out” the experiences of the researcher, in an attempt to remain as impartial and unbiased 

as possible during data collection and analysis as suggested by Creswell (2013). Personal bias was 

declared in an Autobiographical Statement and should be considered while reviewing analysis and 

findings.  
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Chapter 6 

Conclusion 

 This study explored the characteristics of internal motivation to engage in engineering creativity 

of Canadian undergraduate students, as well as their attitudes and understanding of creativity in 

engineering and the creative and performing arts. A mixed methods research design was used to 

investigate the research questions, allowing for depth and breadth of analysis. A survey instrument was 

developed based on factors contributing to or representative of internal motivation, as proposed by Deci 

and Ryan’s self-determination theory, Bandura’s self-efficacy theory, and Schunk’s goal-orientation 

theory. This instrument was modified and improved based on the results of a mixed method pilot study, 

reducing measurement error and allowing for evaluation of survey items. The modified survey instrument 

was distributed at nine institutions across Canada and evaluated for internal reliability and validity. 

Twenty-one semi-structured interviews were then completed with undergraduate students, providing 

detail and richness in research results. Results from both the qualitative and quantitative data were 

combined to fully develop an understanding of student internal motivation and understanding of creativity 

in engineering and the arts. 

 When evaluating result generalizability, the limitations of the sample and survey instrument 

should be considered. Only nine institutions across Canada were included in the study, with a very low 

response rate. Generally, however, effect sizes and group sizes were large enough to yield trustworthy 

results. Internal reliability of all factors in the survey instrument was considered adequate to good, 

suggesting valid and consistent results. Based on these factors, the results are likely to apply to most 

Canadian engineering programs accredited by Engineers Canada.  

 Overarchingly, students exhibited internal motivation for engineering creativity. Statistical 

analysis showed high levels of engineering creativity-self efficacy and tolerance of fears that hinder 

creative thinking, while creative mindset was generally neutral among participants. Creative personal 
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identity beliefs were neutral to slightly positive, but those involved in arts had statistically higher levels of 

creative personal identity. This would suggest that arts involved students are slightly more internally 

motivated for engineering creativity than those who have never been involved in the arts. Female students 

exhibited lower levels of engineering creativity-self efficacy and tolerance of fears hindering creativity, 

suggesting they show slightly less internal motivation for engineering creativity than their male 

counterparts. This, however, was not supported by female interview participants, who exhibited high 

confidence in their creative ability in engineering.  

 Students had high value for engineering creativity, believing that it was integral to the complex 

problem solving required of engineers in industry. They did not necessarily believe that it was important 

in their engineering education, which was influenced by a perceived lack of value from engineering 

professors. This lack of value was derived from a lack of formal reward and assessment (marks for 

creativity) and a lack of acknowledgement and encouragement from instructors and resulted in low 

engagement in engineering creativity. Students instead invested time and effort in work that would result 

in greater value (in the form of course marks) for their time. 

 Qualitative data suggested that students define creativity in engineering and in art very 

differently. Student perception of engineering creativity focused on problem solving for novelty, 

uniqueness, and usefulness, while perception of arts creativity centered around emotional release, 

relaxation, and self-expression. Both engineering and artistic creativity, however, were deemed to be 

highly enjoyable experiences by interview participants. Similarities persisted in student perception of the 

creative process across discipline, with some students describing similar analytical approaches in their 

engineering and artistic work. Others, however, identified inherent differences in the two, stating that 

engineering creativity was intended to appease a client or professor, rather than for personal enjoyment.  

 Discussion of demotivating factors continued, as students identified external and internal barriers 

to engineering creativity currently present in their undergraduate education. External barriers included a 

lack of opportunity for creativity in undergraduate programs, rules and constraints present in open-ended 
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problems, a perceived expectation of the requirement to produce “the right” answer that the instructor 

expects, an overwhelming workload in engineering which lead to lack of time for creativity, and 

unsupportive student teams. Internal barriers included fear of judgement and rejection by peers, fear of 

doing things in a new way, fear of being wrong/failure, and overwhelm at possibility. Student fear of 

being wrong was discussed from two perspectives, the necessity for safety and risk management in sound 

engineering design and academic failure from unsupported creative risks. Barriers to artistic creativity 

were only discussed in terms of potential lack of time from a busy workload, and hesitance to share 

creative output with others for fear of judgement.  

 The creative and performing arts were identified as useful in overcoming the internal fears 

hindering creativity in engineering, notably breaking out of set ways of thinking to encourage doing 

things differently, bolstering confidence to overcome fear of judgement, and providing a safe 

environment with which to acclimatize to the ambiguity of open-ended problems. The presence of a 

supportive and honest creative community, validation from peers, and noticing gradual improvements 

were identified as factors present in creative arts environments that students found boosted confidence in 

their creativity. These findings suggest that arts involvement is useful in overcoming internal barriers to 

creative confidence and self-efficacy, encouraging students to engage in creativity across disciplines. 

This, however, was not supported by quantitative data analysis, which showed no statistically significant 

difference in creative self-efficacy by arts involvement groups.  Arts involvement was also identified by 

participants as helpful in developing a growth mindset, communication skills, self-confidence, and 

understanding diverse perspectives. These cognitive styles and personal characteristics are reflective of 

the creativity-relevant skills present in Amabile’s creativity theory (1983), suggesting that, from a student 

perspective, arts involvement has many benefits for creative development that may be transferable to an 

engineering context. 
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Chapter 7 

Recommendations 

 The results of this study were used to formulate recommendations aimed at promoting creativity 

in engineering education and overcoming barriers and fears that hinder student engagement in 

engineering creativity.  Generally, students had moderate levels of factors characterizing creative intrinsic 

motivation, which suggests that the presence of moderating external barriers results in a lack of 

engagement in engineering creativity. 

 As with every modern work on engineering creativity, it is recommended that a universal 

definition and understanding of the term be established. This would allow for clear understanding of 

expectation for and value of creativity in engineering pedagogy, reducing perceived dichotomy of values 

in students and instructors. The qualitative data revealed inconsistency in student understanding of 

engineering creativity. A consistent definition may help students develop a more nuanced perception of 

their own roles as creative engineers and allow constancy in understanding of those who identify as 

creative individuals. It would also reduce the difficulty with the development of creativity assessment 

tools. From a research perspective, it would aid in advancing the field. Current diverse definitions and 

terminology hinder capacity to adequately address all previous research and often engages researchers in 

a cycle of definition. 

 Modification to the engineering curriculum to adequately educate for engineering creativity may 

be useful in allowing students to make informed decisions about where they invest time and effort in their 

learning. Some knowledge of basic creativity theory could be useful in helping students identify different 

aspects of creativity and increase student recognition of opportunities to engage creatively in engineering 

course work and projects. 

 Creativity should also be actively encouraged and supported by engineering instructors, as 

deemed lacking by interview participants. This would, ideally, be reinforced with course marks for 
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creative engagement in engineering projects, which would require a consistent and reliable assessment 

tool for engineering creativity across process, product, and problem-solving contexts. Evidence from 

creative involvement in the arts, however, suggests that verbal and written encouragement and honest 

feedback provide sufficient reward for activities that are already intrinsically motivated, as statistical 

results suggest that engineering creativity is. Feedback from instructors and teaching assistants, then, 

should acknowledge and congratulate students for taking creative risks, and provide instruction, guidance, 

and examples on how to enhance creative processes and ideas in a variety of engineering scenarios. 

Students should be encouraged to consider multiple perspectives and creative concepts and processes 

should be acknowledged and praised. Current feedback focuses on technical communication and 

feasibility, rather than encouraging exploration and creative problem solving and ideation. This would 

also serve as recognition of gradual improvement in creativity ability and expression, which was 

identified as useful in increasing student confidence in creativity in arts contexts.  

 Although statistical results did not support the presence of strong internal barriers to creativity, 

interviews suggested several fears that participants believed hindered creative expression in themselves or 

their peers.  

 To combat the ever-present fear of academic failure, students should be given opportunities to 

engage in engineering creativity without risk of failure. This safe risk-taking environment mirrors the 

artistic creative environment, where there truly is no “right answer”. This would allow students to engage 

in engineering creativity without concern for lost course marks or poor allocation of time, enabling them 

to build confidence that they can reach useful, feasible and innovative conclusions by applying their 

creative processes. The artistic sense of play would be a welcome addition to the engineering classroom, 

encouraging risk taking and a focus on process rather than product. These opportunities could be 

incorporated into courses through small design challenges, or on a larger scale with workshops and 

interventions. Extrinsic reward could still be provided with marks, perhaps for engagement, active 

participation, or enthusiasm.  
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 The fear of judgement in engineering creativity can be overcome by providing and mandating 

more instances of public sharing of student work. This should be encouraged to develop effective 

communication skills, but also to provide opportunity for students to develop judgement tolerance and 

successful argumentation skills. It is recommended that sharing not be limited to peer and professor level 

interactions, but rather have a wide variety of audiences. This could be accomplished through small 

course design conferences or poster symposiums, which are open to public attendance.  

 Ultimately, of course, students should be given more opportunity to be creative overall in their 

undergraduate engineering programs. One or two instances of a large-scale design project is simply not 

enough to successfully facilitate the development of engineering creativity in undergraduate students, and 

participants often referred to the lack of opportunity for creativity in their engineering programs. 

Successful engagement in engineering creativity is a large proponent of creative confidence, and thus 

students should be afforded as many creative opportunities to address open-ended, realistic problems as 

possible in their undergraduate education.   

 Student self-reflection also aided in the acknowledgement of creativity-relevant skills, which 

participants deemed to be transferrable across disciplinary lines. Reflection of this sort should be 

encouraged in students, allowing them to recognize and celebrate their own strengths and support the 

development of confidence in their creative abilities.  
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Chapter 8 

Future Work 

 From the results of this study, opportunities for future research work were identified. These 

opportunities involve further development of the survey instrument, further exploration of students’ 

motivation, and expansion of the study to different contexts and populations.  

Survey Instrument Development 

 The survey instrument was developed and validated specifically for use in this study. Several 

validated scales were used in instrument construction, and the pilot study provided evidence for face and 

content validity. Responses from the national study indicated strong internal consistency of factors. 

However, reliability and validity could be improved by increasing the number of items on each factor and 

further refining items to improve consistency and clarity. It is also noted that the Fear of Losing Control 

factor should be reintroduced as part of analysis, focusing on surrendering control of creative ideas and 

process in a team environment, as suggested by Kelley and Kelley (2013). Items in other scales 

representative of fears that hinder creativity should be altered to reflect the contexts discussed by student 

interview participants, to ensure successful capture of the engineering creativity experience. 

 Further research could then be done to re-establish face and content validity and internal 

reliability, and fully establish criterion validity (Field, 2013).  

Further Exploration of Students’ Motivation 

 This study focused solely on measurement of the internal motivational landscape for engineering 

creativity, particularly to determine characteristics which may be developed through arts involvement that 

are successful in increasing motivation for creativity in the engineering classroom. This, however, leaves 

all factors of external motivation statistically un-investigated. What seems to be a particularly strong 

trade-off of value and cost (or from the student perspective, course mark achievement and time) suggests 

that Eccles’ et. al expectancy-value theory of motivation would prove interesting to explore in the context 
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of engineering creativity, more fully fleshing out student creative motivation in engineering and 

potentially supporting evidence of external barriers mentioned by interview participants.  

 With the current theoretical framework, most significant differences occurred in the creative 

personal identity factor. This study used an ex-post facto design and collected no evidence of causation in 

the influence of arts involvement on the development of student creative personal identity. This should be 

explored to fully understand the transfer of creative identity between arts and engineering disciplines, and 

the effect that may have on student creative motivation or output. A qualitative study comparing students 

involved in arts activities and those who are not may also be useful to successfully determine the impact 

of arts involvement on student attitude, perception and understanding of the creativity environment.  

Students reported high engineering creativity self-efficacy. There was no actual evaluation of 

student creative ability, however. This is unimportant for the current self-determination and self-efficacy 

model of motivation, but information on engineering creativity levels of undergraduate students would be 

beneficial to examine the relationship between motivational factors and creative output, as well as to 

inform Canadian curriculum and engineering creativity training programs.  

 There exist many further measures and factors that the literature suggests contribute to internal 

motivation of individuals, such as enjoyment (Hon, 2012; Wu, Wu, Chen, & Chen, 2014), personality 

factors (Furnham, Crump, & Swami, 2009; Karwowski et al., 2013), and grit (Garofalo, 2016; Larsen, 

2018). These factors should be investigated as they pertain to internal motivation of undergraduate 

students for engineering creativity to determine the most significant factors and influences on engineering 

student motivational tendencies. This is may be particularly useful to overcome what appear to be strong 

external barriers to creative engagement.  

Expansion of the Study 

 This study should be expanded within Canada to include more engineering institutions, 

particularly in the Prairie and East Coast regions where fewer institutions were recruited for participation. 

Recruitment methods should be improved where possible to increase response rate, correcting for 
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potential selection bias of participants. Other independent variables should be explored, including work 

experiences, socioeconomic status, and academic achievement. Contextual factors should also be 

explored, including region and program curricula and availability.  

 The study could also be expanded to other populations of interest. Engineering course instructors 

and teaching assistants have a great deal of influence on the support for creativity prevalent in the 

classroom, which participants in this study identified as a barrier to successful creative engagement. A 

study should be conducted to explore graduate teaching assistants’ motivation to engage in and support 

engineering creativity in the classroom. Further work should be done to investigate the motivation of 

course instructors, identifying their motivation to engage in, teach, and support engineering creativity in 

Canadian undergraduate programs. This would benefit from examination in the internal motivational 

context, but examination through the expectancy-value theory is also recommended, to develop a full 

picture of the motivational landscape for creativity in engineering education. 
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Appendix A 

Ethics Approval Documentation 

This appendix contains the supporting documentation for ethical clearance obtained from the 

Queen’s University General Research Ethics Board (GREB). This includes the clearance letter, 

amendment letter, recruitment emails, Letters of Information, and Consent Forms. Ethical clearance was 

obtained from the Research Ethics Boards at the eight other participating institutions, and other approvals 

were also obtained at each institution as applicable. Documentation for approval from other institutions is 

not included to protect the identity of the institutions.  
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Figure 12. Queen’s University GREB ethical clearance letter. 
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Figure 13. Queen’s University GREB approval of amended survey instrument. 
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Pilot Study Documentation 

Recruitment Email 

STUDY PARTICIPANTS NEEDED 

 

The purpose of this study is to explore students’ creative confidence and willingness to engage in 

creativity and creative thinking in an engineering context, particularly as related to student engagement in 

creative and performing arts activities. Graduate students in engineering and applied science are invited to 

participate in the pilot study of the survey instrument used for this study. If you agree to participate in this 

study, your involvement will be the completion of an anonymous online survey that will take a maximum 

of 35 minutes to complete. The survey will ask closed- and open-ended questions about your creative 

self-concept and mindset, as well as any previous and current creative arts involvement. At the end of the 

survey, you will be asked if you are interested in participating in a voluntary follow-up interview lasting a 

maximum of 75 minutes. A percentage of students who agree to follow-up interviews will be selected. 

You will be provided with a $15 gift card for the interview as a token of appreciation for your time. 

Please see the attached letter of information for more information. 

 

This study has been granted clearance according to the recommended principles of Canadian ethics 

guidelines, and Queen's policies. Any questions about study participation or a request to withdraw from 

the study may be directed to Hannah M. Smith at hannah.smith@queensu.ca, the research supervisor 

Professor David S. Strong at strongd@queensu.ca. 

 

Your interest in participating in this research study is greatly appreciated. Thank you for your time and 

consideration. 

 

Hannah Smith 

MASc Candidate – Mechanical and Materials Engineering 

 

Letter of Information and Consent for the Electronic Survey 

This research is being conducted by Hannah M. Smith under the supervision of Professor David S. Strong 

in the Faculty of Engineering and Applied Science at Queen’s University in Kingston, Ontario. This study 

has been granted clearance according to the recommended principles of Canadian ethics guidelines and 

Queen’s policies. 

 

What is this study about? The purpose of this study is to explore students’ creative confidence and 

willingness to engage in creativity and creative thinking in an engineering context, particularly as related 

to student engagement in creative and performing arts activities. The specific research questions are as 

follows: In what ways does engagement in the creative and performing arts develop creativity in 
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engineering students? What is the relationship between student involvement in arts activities and their 

creative self-efficacy, and self-perception of creative ability in an engineering context? How does 

engagement in the arts help develop student confidence to think creatively? What value do engineering 

students perceive that arts involvement has for their own creative development? 

 

The first stage of the study is a pilot study of the survey instrument that will be used to collect data. The 

pilot study will use data from graduate engineering students. Graduate students will be surveyed on their 

creative self-concept and mindset, as well as any previous and current creative arts involvement. Think-

aloud interviews will be conducted with graduate students to understand how the survey questions are 

interpreted. The second stage of the study will collect responses from undergraduate students using the 

survey instrument with updates from the pilot study. The third stage of the study is a series of semi-

structured interviews with undergraduate students who are highly involved in the creative and performing 

arts, in an attempt to understand the value their arts involvement has on their creative development and 

confidence.  

 

What will this study require? If you agree to participate in this study, your involvement will be the 

completion of an anonymous online survey that will take a maximum of 35 minutes to complete. The 

survey will ask closed- and open-ended questions about your creative self-concept and mindset, as well as 

any previous and current creative arts involvement. At the end of the survey, you will be asked if you are 

interested in participating in a voluntary follow-up interview. A percentage of students who agree to 

follow-up interviews will be selected. Students who are selected for interviews will be contacted with a 

new letter of information and will be required to sign a separate consent form. 

 

What are the benefits of this study? Although there are no direct benefits to you as a participant, this 

research will benefit the engineering education and creativity education communities by providing insight 

into students' creative confidence and creative development through the creative and performing arts. The 

research may be used to inform interventions for engineering creativity and self-efficacy or to improve 

engineering pedagogies, policies, and outreach. 

 

Is participation voluntary? Your participation is completely voluntary and choosing not to participate 

will not result in any adverse consequences. There are no known physical, psychological, economic, or 

social risks associated with this study. You have the ability to refuse to answer any questions posed by the 

study. You may withdraw from the survey by closing the internet browser before submitting the survey. 

By closing your browser before submission, your responses will not be recorded. There will be no 
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negative consequences from survey withdrawal. Once the survey has been submitted, your data will not 

be able to be removed, but will remain anonymous. 

 

How will my identity be protected? Survey participation will be anonymous. You will not be asked for 

any identifying information. Contact information will be requested if you agree to a follow up interview, 

but this information will only be used to contact interview participants regarding this research student and 

will not be associated to survey responses.  

 

What if I have concerns?  Any questions about study participation or a request to withdraw from the 

study may be directed to Hannah M. Smith at hannah.smith@queensu.ca or the research supervisor 

Professor David S. Strong at (613) 533-2606 or strongd@queensu.ca. Any ethical concerns about the 

study may be directed to the Chair of the General Research Ethics Board at (613) 533-6081 or 

chair.GREB@queensu.ca. 

 

Your interest in participating in this research study is greatly appreciated. Thank you for your time and 

consideration. 

 

This study has been granted clearance according to the recommended principles of Canadian ethics 

guidelines, and Queen's policies. 

 

Electronic Consent 

 

Having read the above, I understand that by clicking the “Yes” button below, I agree to take part in this 

study under the terms and conditions outlined. 

 

I agree to participate 

 

I do not agree to participate 

 

 

 

Yes 

No 
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Letter of Information for the Think-Aloud Interviews 

This research is being conducted by Hannah M. Smith under the supervision of Professor David S. Strong 

in the Faculty of Engineering and Applied Science at Queen’s University in Kingston, Ontario. This study 

has been granted clearance according to the recommended principles of Canadian ethics guidelines and 

Queen’s policies. 

 

What is this study about? The purpose of this study is to explore students’ creative confidence and 

willingness to engage in creativity and creative thinking in an engineering context, particularly as related 

to student engagement in creative and performing arts activities. The specific research questions are as 

follows: In what ways does engagement in the creative and performing arts develop creativity in 

engineering students? What is the relationship between student involvement in arts activities and their 

creative self-efficacy, and self-perception of creative ability in an engineering context? How does 

engagement in the arts help develop student confidence to think creatively? What value do engineering 

students perceive that arts involvement has for their own creative development? 

 

The first stage of the study is a pilot study of the survey instrument that will be used to collect data. The 

pilot study will use data from graduate engineering students. Graduate students will be surveyed on their 

creative self-concept and mindset, as well as any previous and current creative arts involvement. Think-

aloud interviews will be conducted with graduate students to understand how the survey questions are 

interpreted. The second stage of the study will collect responses from undergraduate students using the 

survey instrument with updates from the pilot study. The third stage of the study is a series of semi-

structured interviews with undergraduate students who are highly involved in the creative and performing 

arts, in an attempt to understand the value their arts involvement has on their creative development and 

confidence. 

 

What will this study require? If you agree to participate in this part of the study, your involvement will 

be a one-on-one interview that will take a maximum of 75 minutes to complete. The interview will be a 

think-aloud through the survey questions where you will be asked to explain your thoughts as you read 

through the survey questions. Interviews will take place on the Queen’s University campus during regular 

hours, at a time that is convenient for you. With your permission, the interviews will be audio recorded. 

Interviews will follow a standard protocol and will be conducted in a semi-structured format. You will be 

given a $15 gift card at the end of the interview as a token of appreciation for your time. The gift card will 
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be given upon completion of the interview. Participants who withdraw from the study prior to completion 

of the interview will still receive the gift card. 

 

What are the benefits of this study? Although there are no direct benefits to you as a participant, this 

research will benefit the engineering education and creativity education communities by providing insight 

into students' creative confidence and creative development through the creative and performing arts. The 

research may be used to inform interventions for engineering creativity and self-efficacy or to improve 

engineering pedagogies, policies, and outreach. 

 

Is participation voluntary? Your participation is completely voluntary and choosing not to participate 

will not result in any adverse consequences. There are no known physical, psychological, economic, or 

social risks associated with this study. You have the ability to refuse to answer any questions posed by the 

study. You may withdraw from the study at any time with no negative consequences either during the 

interview or by contacting Hannah M. Smith at hannah.smith@queensu.ca within three months of your 

participation, to indicate your withdrawal. If you choose to withdraw, any interview data gathered from 

you will be removed from the study. 

 

How will my identity be protected? Pseudonyms will be used in all publications of research data and 

findings. Any identifying information will be modified on interview data. All contact information will 

only be used for the purpose of contacting you about this research study only. 

 

What if I have concerns?  Any questions about study participation or a request to withdraw from the 

study may be directed to Hannah M. Smith at hannah.smith@queensu.ca, the research supervisor 

Professor David S. Strong at (613) 533-2606 or strongd@queensu.ca. Any ethical concerns about the 

study may be directed to the Chair of the General Research Ethics Board at (613) 533-6081 or 

chair.GREB@queensu.ca. 

 

Your interest in participating in this research study is greatly appreciated. Thank you for your time and 

consideration. 

 

This study has been granted clearance according to the recommended principles of Canadian ethics 

guidelines, and Queen's policies. 
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Consent Form for the Think-Aloud Interviews 

1. I have read the Letter of Information and have had any questions answered to my satisfaction. 

2. I understand that I will be participating in the study called “Exploring Engineering and the 

Creative and Performing Arts: Engineering Students’ Creative Confidence”. I understand that the 

purpose of this research is to understand engineering creativity and creative self-efficacy as it 

relates to engineering students and their involvement in creative and performing arts, by 

exploring the perceptions of engineering graduate and undergraduate students. I understand that 

my participation in this part of the study will entail explaining my thoughts when answering the 

survey questions in a one-on-one interview format that will take a maximum of 75 minutes. 

3. I understand that my participation in this study is voluntary and I may withdraw at any time 

during the interview, or within three months of my participation in the interview. 

4. I understand that the interview will be audio recorded. 

5. I understand that every effort will be made to maintain the confidentiality of the data now and in 

the future. Only the researcher and respective supervisor will have access to collected data. The 

data may also be published in professional journals or presented at scientific conferences, but any 

such presentations will be of general findings and will never breach individual confidentiality. In 

any publications or presentations, research participants will be referred to by pseudonym. Should 

you be interested, you are entitled to a copy of the findings. 

6. I am aware that if I have any questions, concerns, or complaints, I may Hannah M. Smith at 

hannah.smith@queensu.ca or the research supervisor Professor David S. Strong at (613) 533-

2606 or strong@queensu.ca. Any ethical concerns about the study may be directed to the Chair of 

the General Research Ethics Board at (613) 533-6081 or chair.GREB@queensu.ca. 

I have read the above statements and had any questions answered. I freely consent to participate in this 

study. 

Participant’s Name (Please print): ____________________________ 

Participant’s Signature: ____________________________ 

Date: ____________________________ 

 

Please retain a copy of this consent form for your records 

 

Study Documentation 

Recruitment Email to University Contacts 

Hello [insert contact name], 

 

My name is Hannah Smith and under the supervision of David S. Strong from the Faculty of Engineering 

and Applied Science at Queen’s University I am conducting a study to explore students’ creative 

confidence and willingness to engage in creative thinking in an engineering context, particularly as 
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related to student engagement in creative and performing arts activities. A pilot study of the survey 

instrument has been conducted and I am now collecting data from undergraduate students at [x] 

universities across Canada. 

 

I am writing to you to request that you forward the following survey recruitment email and survey link to 

undergraduate engineering students in your [university/department/course]. Completion of the survey is 

voluntary for students and the responses are collected anonymously. This study has been granted 

clearance according to the recommended principles of Canadian ethics guidelines, Queen’s University 

and [insert university name] policies. 

 

Thank you for your help in conducting this research study. 

 

Sincerely, 

 

Hannah Smith 

 

[insert undergraduate student recruitment email and survey link] 

 

Recruitment Email to Undergraduate Students 

STUDY PARTICIPANTS NEEDED 

 

The purpose of this study is to explore students’ creative confidence and willingness to engage in creative 

thinking in an engineering context, particularly as related to student engagement in creative and 

performing arts activities. Undergraduate students in engineering and applied science are invited to 

participate in the pilot study of the survey instrument used for this study. If you agree to participate in this 

study, your involvement will be the completion of an anonymous online survey that will take a maximum 

of 35 minutes to complete. The survey will ask closed- and open-ended questions about your creative 

self-concept and mindset, as well as any previous and current creative arts involvement. At the end of the 

survey, you will be asked if you are interested in participating in a voluntary follow-up interview lasting a 

maximum of 75 minutes. A percentage of students who agree to follow-up interviews will be selected. 

You will be provided with a $15 gift card for the interview as a token of appreciation for your time. 

Please see the attached letter of information for more information. 

 

This study has been granted clearance according to the recommended principles of Canadian ethics 

guidelines, and Queen's policies. Any questions about study participation or a request to withdraw from 

the study may be directed to Hannah M. Smith at hannah.smith@queensu.ca, the research supervisor 

Professor David S. Strong at strongd@queensu.ca. 
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Your interest in participating in this research study is greatly appreciated. Thank you for your time and 

consideration. 

 

Hannah Smith 

MASc Candidate – Mechanical and Materials Engineering 

 

Letter of Information and Consent for Undergraduate Electronic Survey 

This research is being conducted by Hannah M. Smith under the supervision of Professor David S. Strong 

in the Faculty of Engineering and Applied Science at Queen’s University in Kingston, Ontario. This study 

has been granted clearance according to the recommended principles of Canadian ethics guidelines and 

Queen’s policies. 

 

What is this study about? The purpose of this study is to explore students’ creative confidence and 

willingness to engage in creativity and creative thinking in an engineering context, particularly as related 

to student engagement in creative and performing arts activities. The specific research questions are as 

follows: In what ways does engagement in the creative and performing arts develop creativity in 

engineering students? What is the relationship between student involvement in arts activities and their 

creative self-efficacy, and self-perception of creative ability in an engineering context? How does 

engagement in the arts help develop student confidence to think creatively? What value do engineering 

students perceive that arts involvement has for their own creative development? 

 

What will this study require? If you agree to participate in this study, your involvement will be the 

completion of an anonymous online survey that will take a maximum of 35 minutes to complete. The 

survey will ask closed- and open-ended questions about your creative self-concept and mindset, as well as 

any previous and current creative arts involvement. At the end of the survey, you will be asked if you are 

interested in participating in a voluntary follow up interview. A percentage of students who agree to 

follow up interviews will be selected. Students who are selected for interviews will be contacted with a 

new letter of information and will be required to sign a separate consent form. 

 

What are the benefits of this study? Although there are no direct benefits to you as a participant, this 

research will benefit the engineering education and creativity education communities by providing insight 

into students' creative confidence and creative development through the creative and performing arts. The 

research may be used to inform interventions for engineering creativity and self-efficacy or to improve 

engineering pedagogies, policies, and outreach. 
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Is participation voluntary? Your participation is completely voluntary and choosing not to participate 

will not result in any adverse consequences. There are no known physical, psychological, economic, or 

social risks associated with this study. You can refuse to answer any questions that you don’t want to 

answer. You may withdraw from the survey by closing the internet browser before submitting the survey. 

By closing your browser before submission, your responses will not be recorded. There will be no 

negative consequences from survey withdrawal. Once the survey has been submitted, your data will not 

be able to be removed, but will remain anonymous. 

 

How will my identity be protected? Survey participation will be anonymous. You will not be asked for 

any identifying information. Contact information will be requested if you agree to a follow up interview, 

but this information will only be used to contact interview participants regarding this research student and 

will not be associated to survey responses.  

 

What if I have concerns?  Any questions about study participation or a request to withdraw from the 

study may be directed to Hannah M. Smith at hannah.smith@queensu.ca or the research supervisor 

Professor David S. Strong at (613) 533-2606 or strongd@queensu.ca. Any ethical concerns about the 

study may be directed to the Chair of the General Research Ethics Board at (613) 533-6081 or 

chair.GREB@queensu.ca. 

 

Your interest in participating in this research study is greatly appreciated. Thank you for your time and 

consideration. 

 

This study has been granted clearance according to the recommended principles of Canadian ethics 

guidelines, and Queen's policies. 

 

Electronic Consent 

 

Having read the above, I understand that by clicking the “Yes” button below, I agree to take part in this 

study under the terms and conditions outlined. 

 

 

I agree to participate 
Yes 
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I do not agree to participate 

 

Letter of Information for Undergraduate Interviews 

This research is being conducted by Hannah M. Smith under the supervision of Professor David S. Strong 

in the Faculty of Engineering and Applied Science at Queen’s University in Kingston, Ontario. This study 

has been granted clearance according to the recommended principles of Canadian ethics guidelines and 

Queen’s policies. 

 

What is this study about? The purpose of this study is to explore students’ creative confidence and 

willingness to engage in creativity and creative thinking in an engineering context, particularly as related 

to student engagement in creative and performing arts activities. The specific research questions are as 

follows: In what ways does engagement in the creative and performing arts develop creativity in 

engineering students? What is the relationship between student involvement in arts activities and their 

creative self-efficacy, and self-perception of creative ability in an engineering context? How does 

engagement in the arts help develop student confidence to think creatively? What value do engineering 

students perceive that arts involvement has for their own creative development? 

 

This study will utilize data from undergraduate engineering students. Students will be surveyed on their 

creative self-concept and mindset, as well as any previous and current creative arts involvement. 

Undergraduate students who are highly involved in the creative and performing arts will then be 

interviewed, in an attempt to understand the value their arts involvement has on their creative 

development and confidence. 

 

What will this study require? If you agree to participate in this part of the study, your involvement will 

be a one-on-one interview that will take a maximum of 75 minutes to complete. The interview will ask 

open-ended questions about your self-perception of your creative ability, your creative confidence, and 

your creative arts involvement. Interviews will take place on your university campus at a time that is 

convenient for you, or over Skype if this is not possible. With your permission, the interviews will be 

audio recorded. Interviews will follow a standard protocol and will be conducted in a semi-structured 

format. You will be given a $15 gift card at the end of the interview as a token of appreciation for your 

time. The gift card will be given or mailed upon completion of the interview. Participants who withdraw 

from the study prior to completion of the interview will still receive the gift card. 

No 
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What are the benefits of this study? Although there are no direct benefits to you as a participant, this 

research will benefit the engineering education and creativity education communities by providing insight 

into students' creative confidence and creative development through the creative and performing arts. The 

research may be used to inform interventions for engineering creativity and self-efficacy or to improve 

engineering pedagogies, policies, and outreach. 

 

Is participation voluntary? Your participation is completely voluntary and choosing not to participate 

will not result in any adverse consequences. There are no known physical, psychological, economic, or 

social risks associated with this study. You have the ability to refuse to answer any questions posed by the 

study. You may withdraw from the study at any time with no negative consequences either during the 

interview or by contacting Hannah M. Smith at hannah.smith@queensu.ca within three months of your 

participation, to indicate your withdrawal. If you choose to withdraw, any interview data gathered from 

you will be removed from the study. 

 

How will my identity be protected? Pseudonyms will be used in all publications of research data and 

findings. Any identifying information will be modified on interview data. All contact information will 

only be used for the purpose of contacting you about this research study only. 

 

What if I have concerns?  Any questions about study participation or a request to withdraw from the 

study may be directed to Hannah M. Smith at hannah.smith@queensu.ca, the research supervisor 

Professor David S. Strong at (613) 533-2606 or strongd@queensu.ca. Any ethical concerns about the 

study may be directed to the Chair of the General Research Ethics Board at (613) 533-6081 or 

chair.GREB@queensu.ca. 

 

Your interest in participating in this research study is greatly appreciated. Thank you for your time and 

consideration. 

 

This study has been granted clearance according to the recommended principles of Canadian ethics 

guidelines, and Queen's policies. 
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Consent Form for Undergraduate Interviews 

1. I have read the Letter of Information and have had any questions answered to my satisfaction.  

2. I understand that I will be participating in the study called “Exploring Engineering and the 

Creative and Performing Arts: Engineering Students’ Creative Confidence”. I understand that the 

purpose of this research is to understand engineering creativity and creative self-efficacy as it 

relates to engineering students and their involvement in creative and performing arts, by 

exploring the perceptions of engineering graduate and undergraduate students. I understand that 

my participation in this part of the study will entail discussing a series of open ended questions 

regarding the value that I believe my arts involvement has on my creative development and 

confidence in an engineering context in a one-on-one interview format that will take a maximum 

of 75 minutes. 

3. I understand that my participation in this study is voluntary and I may withdraw at any time 

during the interview, or within three months of my participation in the interview. 

4. I understand that the interview will be audio recorded. 

5. I understand that every effort will be made to maintain the confidentiality of the data now and in 

the future. Only the researcher and respective supervisor will have access to collected data. The 

data may also be published in professional journals or presented at scientific conferences, but any 

such presentations will be of general findings and will never breach individual confidentiality. In 

any publications or presentations, research participants will be referred to by pseudonym. Should 

you be interested, you are entitled to a copy of the findings. 

6. I am aware that if I have any questions, concerns, or complaints, I may Hannah M. Smith at 

hannah.smith@queensu.ca or the research supervisor Professor David S. Strong at (613) 533-

2606 or strong@queensu.ca. Any ethical concerns about the study may be directed to the Chair of 

the General Research Ethics Board at (613) 533-6081 or chair.GREB@queensu.ca. 

I have read the above statements and had any questions answered. I freely consent to participate in this 

study. 

Participant’s Name (Please print): ____________________________ 

Participant’s Signature: ____________________________ 

Date: ____________________________ 

 

Please retain a copy of this consent form for your records. 
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Appendix B 

Pilot Study Results  

This appendix includes supporting documentation for the pilot study results. First, the example 

that was used for the think aloud process for a survey question is shown. The descriptive statistics for 

each question are then shown, including mean, standard deviation, skewness, and kurtosis. For these 

questions, the standard errors were 0.53 and 1.01 for skewness and kurtosis respectively. In this appendix, 

* denotes a skewness or kurtosis value outside of the acceptable range of double the standard error, as 

suggested by Field (2013).  

Example of the Think-Aloud Process 

I do not have time for creativity in my engineering design projects.  

SD       N                 SA 

1   2   3   4   5   6   7 

How much time do I spend on my current design project? Okay 5 hours a week. How do I spend that 

time? I spend 1.5 hours in planning meetings with my team. I spend 1-2 hours documenting the work that 

I do. I spend the remaining time doing actual project work. How much of my actual project work is spent 

on something related to creativity? Only about 10% of the time. I could probably spend more of my actual 

work time being creative, but for me to really be creative I would have to spend more time on my project. 

Maybe an extra hour every week; I might have an extra hour to spend some weeks, but not every week. 

So, I think I have some time for creativity on my projects, but not enough. So I am going to answer 3. 
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Pilot Study Descriptive Statistics 

Table 59  

Quantitative pilot study results for the initial survey instrument. 

Initial Survey Question n �̅� s Skewness Kurtosis 

I can efficiently solve even complicated open-

ended engineering problems. 

19 5.58 1.02 -0.77 1.03 

When attacking an engineering design problem, 

I trust my creative abilities. 

19 5.26 1.05 -0.92 0.74 

I have proven that I can cope with difficult, 

open-ended engineering problems many times. 

19 5.21 1.08 0.12 -1.42 

I can successfully apply creative thinking in 

engineering problems that require it. 

19 5.63 1.01 -0.58 1.12 

I am good at proposing original solutions to 

engineering problems. 

19 5.11 0.99 -0.23 -0.21 

I am a creative person. 19 5.00 1.41 -0.39 -0.31 

My creativity is important to who I am. 19 5.11 1.63 -0.36 -1.11 

Being a creative person is not important to me. 19 2.79 1.78 0.95 0.36 

Creativity is an important part of myself. 19 5.37 1.34 -0.76 0.54 

Ingenuity is a characteristic that is important to 

me. 

19 5.84 0.90 -0.17 -0.77 

I don't tolerate ambiguous engineering 

problems well. 

19 3.74 1.69 0.23 -0.95 

I try to avoid engineering problems that must be 

viewed from several different perspective. 

19 2.16 0.90 0.17 -0.77 

I try to avoid engineering problems that are 

ambiguous. 

19 2.79 1.36 0.42 -1.02 

I prefer familiar situations in my engineering 

work to new ones. 

19 3.79 1.44 -0.84 -0.62 

Engineering problems that cannot be considered 

from one point of view are a little threatening. 

19 3.00 1.67 0.48 -0.90 

I try to avoid engineering design problems that 

are too broad for me to understand. 

19 3.00 1.20 -0.21 -0.37 

I am tolerant of ambiguous engineering design 

problems. 

19 5.11 1.24 -0.03 -0.76 

I enjoy tackling engineering problems that are 

complex enough to be ambiguous. 

19 4.89 1.20 -0.65 0.69 
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Initial Survey Question n �̅� s Skewness Kurtosis 

 I try to avoid problems that don't have only one 

"best" solution. 

19 2.42 0.96 -0.17 -0.86 

I prefer originality over familiarity. 19 4.21 1.08 0.12 -0.08 

I dislike ambiguous solutions in my engineering 

design work. 

19 4.74 1.41 -0.14 -0.66 

I find it hard to make a choice when the 

outcome is uncertain. 

19 4.32 1.63 -0.40 -0.61 

I prefer engineering work in which there is 

some ambiguity. 

19 4.26 0.93 -0.59 0.77 

I am not afraid to propose new ideas when 

working with a team of engineering students I 

don't know well. 

19 4.95 1.65 -1.24* 1.02 

I am confident that any ideas I have will be 

highly valued. 

19 4.32 1.56 -0.49 -0.19 

I generally find constructive feedback on 

engineering reports useful. 

19 6.26 0.65 -0.31 -0.51 

I am not afraid to constructively criticize the 

opinions of others when working in a team. 

19 5.74 0.87 -0.55 0.06 

Even if an idea I present is criticized, it is not 

necessarily a bad idea. 

19 6.00 1.05 -1.59* 2.96* 

I am comfortable defending my opinion to 

someone who may not agree with me. 

19 5.95 1.18 -2.17* 6.63* 

I am comfortable changing my opinion when 

presented with a convincing reason to do so. 

19 6.11 0.87 -0.78 0.21 

When faced with a problem, I would rather take 

action quickly than wait to be sure I have the 

right answer. 

19 3.32 1.38 0.07 -0.47 

I tend to think carefully about every decision 

that I make. 

19 5.42 1.35 -0.27 -0.87 

I often have a hard time making decisions in my 

engineering projects. 

19 3.63 1.34 -0.01 -0.23 

I fear that when I do make decisions in an 

engineering project, I have made the wrong 

choice. 

19 4.26 1.56 0.10 -1.41 

I am afraid of losing control in the process of 

solving open-ended engineering problems. 

19 3.79 1.58 0.48 -0.91 

I like when the work that I do is organized and 

has a clear path. 

19 5.74 1.15 -0.16 -1.47 
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Initial Survey Question n �̅� s Skewness Kurtosis 

Unpredictability is uncomfortable in an 

engineering design problem. 

19 4.37 1.38 0.66 -0.70 

When I start an engineering project, I often find 

myself stuck in the planning phase. 

19 3.84 1.61 0.02 -1.29 

Everyone can create something great at some 

point if they are given appropriate conditions. 

19 5.53 1.35 -0.37 -1.31 

You are either creative or you are not - even 

trying very hard you cannot change much. 

19 2.16 0.83 0.96 1.14 

Anyone can develop his or her creative abilities 

to a certain level. 

19 5.84 1.12 -0.72 0.46 

Practice makes perfect - perseverance and 

trying hard are the best ways to develop and 

expand one's creative capabilities. 

19 5.74 1.37 -1.21* 1.57 

Anyone can increase their creative ability by 

applying creative thinking processes or tools. 

19 5.32 1.06 -0.09 0.15 

Creativity can be developed, but one either is or 

is not a truly creative person. 

19 3.47 1.07 -0.53 0.17 

A creative solution requires effort and work, 

and these two are more important than natural 

creative talent. 

19 5.37 1.21 -0.39 -0.99 

Some people are creative, others aren't - and no 

practice can change it. 

19 2.47 1.02 0.96 0.85 

It doesn't matter what creativity level one 

possesses - you can always increase it. 

19 5.16 1.07 -0.04 -0.32 

A truly creative talent is innate and constant 

throughout one's entire life. 

19 3.21 1.55 1.01 0.71 
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Appendix C 

Survey Results 

The full survey instrument is included in this appendix. Then, the descriptive statistics for each 

survey question for the national sample are shown. The standard error of skewness and kurtosis was ±0.15 

and ±0.30 respectively. Although standard errors were small, acceptable ranges were taken to be within 

±1.00 and ±2.00 for skewness and kurtosis, respectively (Field, 2013). In this appendix, * denotes a 

skewness or kurtosis value outside of the acceptable range.  

Survey Instrument 

Please answer the following demographic questions: 

 

What is the discipline of your engineering degree program? (i.e. mechanical, electrical, environmental, 

general first year) ________ 

 

What is your current year of study? 1st year, 2nd year, 3rd year, 4th year, 5th year or above 

 

Have you completed or are you planning to complete an internship/co-op as part of your undergraduate 

engineering degree? Yes, No, N/A 

 

What is your gender? Male, Female, Other: ________ 

 

Are you a Canadian or International student? Canadian, International, Other: ________ 

 

What is your mother’s highest level of education?  

Elementary School, High School, Some University, Bachelor’s Degree, Postgraduate Degree 

 

Please answer the following questions to the best of your ability. 

 

What is your definition of creativity in an engineering context? 

______________________________________________________________________________ 

 

I prefer to solve the following types of problems: 

 

← Close Ended with a Correct Answer                                                                     1             

2      3          4             5    6         7  8  9           10 

Open Ended with Many Possible Answers→ 
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For the remainder of the survey, please use the following definition of engineering creativity. 

 

Engineering creativity is the ability to transcend ideas, rules, patterns, relationships, or the like, and to 

create meaningful new ideas, forms, methods, and interpretations, as applied in engineering to solve 

problems in novel and relevant, and efficient ways.  

 

Please indicate your level of agreement or disagreement for the following statements (SD = Strongly 

Disagree, N = Neutral, SA = Strongly Agree): 

 

1.  I can efficiently solve even complicated open-ended engineering problems. 

 

SD      N      SA 

1  2  3  4  5  6  7 

 

2. When attacking an engineering design problem, I trust my creative abilities. 

SD      N      SA 

1  2  3  4  5  6  7 

 

3.  I have proven many times that I can cope with difficult, open-ended engineering problems. 

SD      N      SA 

1  2  3  4  5  6  7 

 

4. I can successfully apply creative thinking in engineering problems that require it. 

SD      N      SA 

1  2  3  4  5  6  7 

 

5. I am good at proposing original solutions to engineering problems. 

SD      N      SA 

1  2  3  4  5  6  7 

 

 

I feel confident being creative (applying creativity) in my engineering work (when it is expected) 

←No Confidence 

1 2 3 4 5 6 7 8 9 10 

         Complete Confidence→ 

 

When answering the following questions, please consider them from the perspective of your overall 

personality, and not specifically in the context of engineering.  
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6. I think I am a creative person. 

SD      N      SA 

1  2  3  4  5  6  7 

 

7. My creativity is important to who I am. 

SD      N      SA 

1  2  3  4  5  6  7 

 

 

 

8. Being a creative person is not important to me.  

SD      N      SA 

1  2  3  4  5  6  7 

 

 

9. Creativity is an important part of myself.  

SD      N      SA 

1  2  3  4  5  6  7 

 

10. Ingenuity is a characteristic which is important to me. 

SD      N      SA 

1  2  3  4  5  6  7 

 

 

11. Everyone can create something great at some point if they are given appropriate conditions. 

SD      N      SA 

1  2  3  4  5  6  7 

 

12. You are either creative or you are not – even trying very hard you cannot change much. 

SD      N      SA 

1  2  3  4  5  6  7 

 

13. Anyone can develop their creative abilities up to a certain level. 

SD      N      SA 

1  2  3  4  5  6  7 

 

14. Practice makes perfect – perseverance and trying hard are the best ways to develop and expand 

one’s creative capabilities. 

SD      N      SA 

1  2  3  4  5  6  7 

 

 



 

225 

 

15. Unless you are born with creative talent, you cannot be truly creative. 

SD      N      SA 

1  2  3  4  5  6  7 

 

16. Creativity can be developed, but one either is or is not a truly creative person. 

SD      N      SA 

1  2  3  4  5  6  7 

 

17. A creative solution requires effort and work, and these two are more important than natural 

creative talent. 

SD      N      SA 

1  2  3  4  5  6  7 

 

18. Some people are creative, others aren’t – and no practice can change it. 

SD      N      SA 

1  2  3  4  5  6  7 

 

 

19. It doesn’t matter what creativity level one has – you can always increase it. 

SD      N      SA 

1  2  3  4  5  6  7 

 

20. A truly creative talent is innate and constant throughout one’s entire life. 

SD      N      SA 

1  2  3  4  5  6  7 

 

When answering the following questions, please consider them in an engineering context.  

 

21. I don’t feel comfortable with engineering problems that are open to more than one interpretation. 

SD      N      SA 

1  2  3  4  5  6  7 

 

22. When possible, I try to avoid engineering problems that must be viewed from several different 

perspectives. 

SD      N      SA 

1  2  3  4  5  6  7 

 

23. If I can, I avoid engineering problems that are open to many interpretations. 

SD      N      SA 

1  2  3  4  5  6  7 

 

24. I prefer familiar types of problems in my engineering work to new ones. 

SD      N      SA 

1  2  3  4  5  6  7 
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25. Engineering problems that cannot be considered from one point of view are a little intimidating. 

SD      N      SA 

1  2  3  4  5  6  7 

 

26. I try to avoid engineering design problems that are too complex for me to understand. 

SD      N      SA 

1  2  3  4  5  6  7 

 

27. I try to avoid engineering problems that don’t have only one “best” solution. 

SD      N      SA 

1  2  3  4  5  6  7 

 

28. When working through an engineering problem, I prefer originality over familiarity. 

SD      N      SA 

1  2  3  4  5  6  7 

 

29. I dislike situations in my engineering design work where there are many different ways to 

approach the problem.   

SD      N      SA 

1  2  3  4  5  6  7 

 

30. In my engineering projects, I find it hard to make a choice when the outcome is uncertain. 

SD      N      SA 

1  2  3  4  5  6  7 

 

31. I prefer engineering work that can be understood in more than one way. 

SD      N      SA 

1  2  3  4  5  6  7 

 

32. I am not afraid to propose new ideas when working with a team of engineering students I don’t 

know well. 

SD      N      SA 

1  2  3  4  5  6  7 

 

33. I am confident that any ideas I have will be highly valued. 

SD      N      SA 

1  2  3  4  5  6  7 

 

34. I find constructive feedback on engineering reports useful.  

SD      N      SA 

1  2  3  4  5  6  7 
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35. I am not afraid to constructively criticize the opinions of others when working in a team. 

SD      N      SA 

1  2  3  4  5  6  7 

 

36. Even if an idea I present is criticized, that does not mean it is a bad idea.  

SD      N      SA 

1  2  3  4  5  6  7 

 

37. While working with a team of engineering students, I am comfortable defending my opinion to 

someone who does not agree with me. 

SD      N      SA 

1  2  3  4  5  6  7 

 

38. I am comfortable changing my opinion when presented with a convincing reason to do so, when 

working on an engineering project.  

SD      N      SA 

1  2  3  4  5  6  7 

 

39. When faced with an engineering related problem, I would rather take action quickly than wait to 

be sure I have the right answer. 

SD      N      SA 

1  2  3  4  5  6  7 

 

40. I tend to think carefully about every decision that I make in my engineering projects. 

SD      N      SA 

1  2  3  4  5  6  7 

 

41. I often have a hard time making decisions in my engineering projects. 

SD      N      SA 

1  2  3  4  5  6  7 

 

42. When I make decisions in an engineering project, I often worry about making the wrong choice. 

SD      N      SA 

1  2  3  4  5  6  7 

 

43. I am uncomfortable when I can’t find my way forward in the midst of an open-ended engineering 

problem. 

SD      N      SA 

1  2  3  4  5  6  7 

44. I like when the work that I do has a clear path. 

SD      N      SA 

1  2  3  4  5  6  7 
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45. Unpredictability is uncomfortable for me in an engineering design problem. 

SD      N      SA 

1  2  3  4  5  6  7 

 

46. When I start an engineering project, I often find myself stuck in the research phase. 

SD      N      SA 

1  2  3  4  5  6  7 

 

 

Have you ever had any explicit training in creative thinking methods/tools/processes in your engineering 

program? 

YES/NO 

If yes, how did you receive this training? (in one lecture, through a workshop, in-class activities, etc.) 

______________________________________________________________________________ 

 

 

 

Please complete the following sections for any creative or performing arts activities which you have been 

or are currently involved in. Please ONLY complete sections relevant to any activities that you are/were 

involved in, from the ages of 4 years old to the present day.  

 

1. Singing and Vocal Music (YES/NO) 

 

What is/was the nature of your involvement in this activity? 

______________________________________________________________________________ 

 

At what ages were you involved in this activity, and for how long? 

AGE RANGE NUMBER OF YEARS INVOLVED 

4-12  

13-17  

18-Present  

 

How often are you/would you be engaged in this activity in an average week? 

 

AGE RANGE AVERAGE INVOLVEMENT PER WEEK  

4-12  

13-17  

18-Present  

 

Do you often/have you ever performed in front of a public audience (other than family) as part of your 

involvement with this activity? 

YES/NO 
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If yes, how often do/did you perform in an average year? Specify an approximate number of times per 

year.  

AGE RANGE AVERAGE NUMBER OF PERFORMANCES PER YEAR 

4-12  

13-17  

18-Present  

 

Have you ever won one or more awards for your ability/proficiency in this activity? 

YES/NO 

 

If yes, what was the nature of the award(s)? 

______________________________________________________________________________ 

 

2. Dance and/or Choreography (YES/NO) 

 

What is/was the nature of your involvement in this activity? 

______________________________________________________________________________ 

 

At what ages were you involved in this activity, and for how long? 

AGE RANGE NUMBER OF YEARS INVOLVED 

4-12  

13-17  

18-Present  

 

How often are you/would you be engaged in this activity in an average week? 

 

AGE RANGE AVERAGE INVOLVEMENT PER WEEK  

4-12  

13-17  

18-Present  

 

Do you often/have you ever performed in front of a public audience (other than family) as part of your 

involvement with this activity? 

YES/NO 

 

If yes, how often do/did you perform in an average year? Specify an approximate number of times per 

year.  

AGE RANGE AVERAGE NUMBER OF PERFORMANCES PER YEAR 

4-12  

13-17  

18-Present  

 

Have you ever won one or more awards for your ability/proficiency in this activity? 
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YES/NO 

 

If yes, what was the nature of the award(s)? 

______________________________________________________________________________ 

 

3. Drama and Theatre (YES/NO) 

 

What is/was the nature of your involvement in this activity? 

______________________________________________________________________________ 

 

At what ages were you involved in this activity, and for how long? 

AGE RANGE NUMBER OF YEARS INVOLVED 

4-12  

13-17  

18-Present  

 

How often are you/would you be engaged in this activity in an average week? 

 

AGE RANGE AVERAGE INVOLVEMENT PER WEEK  

4-12  

13-17  

18-Present  

 

Do you often/have you ever performed in front of a public audience (other than family) as part of your 

involvement with this activity? 

YES/NO 

 

If yes, how often do/did you perform in an average year? Specify an approximate number of times per 

year.  

AGE RANGE AVERAGE NUMBER OF PERFORMANCES PER YEAR 

4-12  

13-17  

18-Present  

 

Have you ever won one or more awards for your ability/proficiency in this activity? 

YES/NO 

 

If yes, what was the nature of the award(s)? 

______________________________________________________________________________ 

 

4. Painting, Sketching, and Fine Art (YES/NO) 

 

What is/was the nature of your involvement in this activity? 
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______________________________________________________________________________ 

 

At what ages were you involved in this activity, and for how long? 

AGE RANGE NUMBER OF YEARS INVOLVED 

4-12  

13-17  

18-Present  

 

How often are you/would you be engaged in this activity in an average week? 

 

AGE RANGE AVERAGE INVOLVEMENT PER WEEK  

4-12  

13-17  

18-Present  

 

Do you often/have you ever exhibited your work in front of a public audience (other than family) as part 

of your involvement with this activity? 

YES/NO 

 

If yes, how often do/did you exhibit in an average year? Specify an approximate number of times per 

year.  

AGE RANGE AVERAGE NUMBER OF EXHIBITS PER YEAR 

4-12  

13-17  

18-Present  

 

Have you ever won one or more awards for your ability/proficiency in this activity? 

YES/NO 

 

If yes, what was the nature of the award(s)? 

______________________________________________________________________________ 

5. Instrumental Music and/or Composing/Writing Music (YES/NO) 

 

What is/was the nature of your involvement in this activity? 

______________________________________________________________________________ 

 

At what ages were you involved in this activity, and for how long? 

AGE RANGE NUMBER OF YEARS INVOLVED 

4-12  

13-17  

18-Present  

 

How often are you/would you be engaged in this activity in an average week? 
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AGE RANGE AVERAGE INVOLVEMENT PER WEEK  

4-12  

13-17  

18-Present  

 

Do you often/have you ever performed in front of a public audience (other than family) as part of your 

involvement with this activity? 

YES/NO 

 

If yes, how often do/did you perform in an average year? Specify an approximate number of times per 

year.  

AGE RANGE AVERAGE NUMBER OF PERFORMANCES PER YEAR 

4-12  

13-17  

18-Present  

 

Have you ever won one or more awards for your ability/proficiency in this activity? 

YES/NO 

 

If yes, what was the nature of the award(s)? 

______________________________________________________________________________ 

 

6. Photography (YES/NO) 

 

What is/was the nature of your involvement in this activity? 

______________________________________________________________________________ 

 

At what ages were you involved in this activity, and for how long? 

AGE RANGE NUMBER OF YEARS INVOLVED 

4-12  

13-17  

18-Present  

 

How often are you/would you be engaged in this activity in an average week? 

 

AGE RANGE AVERAGE INVOLVEMENT PER WEEK  

4-12  

13-17  

18-Present  

 

Do you often/have you ever exhibited your work in front of a public audience (other than family) as part 

of your involvement with this activity? 
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YES/NO 

 

If yes, how often do/did you exhibit in an average year? Specify an approximate number of times per 

year.  

AGE RANGE AVERAGE NUMBER OF EXHIBITS PER YEAR 

4-12  

13-17  

18-Present  

 

Have you ever won one or more awards for your ability/proficiency in this activity? 

YES/NO 

 

If yes, what was the nature of the award(s)? 

______________________________________________________________________________ 

 

7. Creative Writing (YES/NO) 

 

What is/was the nature of your involvement in this activity? 

______________________________________________________________________________ 

 

At what ages were you involved in this activity, and for how long? 

AGE RANGE NUMBER OF YEARS INVOLVED 

4-12  

13-17  

18-Present  

 

How often are you/would you be engaged in this activity in an average week? 

 

AGE RANGE AVERAGE INVOLVEMENT PER WEEK  

4-12  

13-17  

18-Present  

 

Do you often/have you ever been published or read your work in front of a public audience (other than 

family) as part of your involvement with this activity? 

YES/NO 

 

If yes, how often do/did you publish or perform in an average year? Specify an approximate number of 

times per year.  

AGE RANGE AVERAGE NUMBER OF PUBLICATIONS/PERFORMANCES PER 

YEAR 

4-12  

13-17  



 

234 

 

18-Present  

 

Have you ever won one or more awards for your ability/proficiency in this activity? 

YES/NO 

 

If yes, what was the nature of the award(s)? 

______________________________________________________________________________ 

 

8. Other (YES/NO) 

 

What creative or performing arts activity are you/were you involved in? 

______________________________________________________________________________ 

 

What is/was the nature of your involvement in this activity? 

______________________________________________________________________________ 

 

At what ages were you involved in this activity, and for how long? 

AGE RANGE NUMBER OF YEARS INVOLVED 

4-12  

13-17  

18-Present  

 

How often are you/would you be engaged in this activity in an average week? 

 

AGE RANGE AVERAGE INVOLVEMENT PER WEEK  

4-12  

13-17  

18-Present  

 

Do you often/have you ever performed in front of a public audience (other than family) as part of your 

involvement with this activity? 

YES/NO 

 

If yes, how often do/did you perform in an average year? Specify an approximate number of times per 

year.  

AGE RANGE AVERAGE NUMBER OF PERFORMANCES PER YEAR 

4-12  

13-17  

18-Present  

 

Have you ever won one or more awards for your ability/proficiency in this activity? 

YES/NO 

If yes, what was the nature of the award(s)? 
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National Study Descriptive Statistics 

Table 60  

Descriptive statistics for quantitative national study results. 

Survey Question n �̅� s Skewness Kurtosis 

I can efficiently solve even complicated 

open-ended engineering problems. 

269 5.00 1.203 -1.11* 1.43 

When attacking an engineering design 

problem, I trust my creative abilities. 

269 5.17 1.326 -0.93 0.63 

I have proven many times that I can cope 

with difficult, open-ended engineering 

problems. 

269 5.06 1.287 -0.88 0.88 

I can successfully apply creative thinking 

in engineering problems that require it. 

269 5.45 1.08 -1.37* 3.18* 

I am good at proposing original solutions 

to engineering problems. 

269 5.19 1.27 -0.85 0.72 

I think I am a creative person. 268 5.53 1.29 -1.11* 1.14 

My creativity is important to who I am. 267 5.44 1.44 -1.01* 0.43 

Being a creative person is not important to 

me. 

268 2.52 1.57 1.15* 0.56 

Creativity is an important part of myself. 268 5.44 1.27 -1.06* 0.87 

Ingenuity is a characteristic which is 

important to me. 

267 5.58 1.16 -1.12* 2.01* 

Everyone can create something great at 

some point if they are given appropriate 

conditions. 

268 5.62 1.39 -1.20* 1.02 

You are either creative or you are not - 

even trying very hard you cannot change 

much. 

267 2.77 1.52 0.77 -0.15 

Anyone can develop their creative abilities 

up to a certain level. 

266 5.33 1.30 -1.10* 1.47 

Practice makes perfect - perseverance and 

trying hard are the best ways to develop 

and expand one's creative capabilities. 

268 5.60 1.33 -0.98* 0.61 

Unless you are born with creative talent, 

you cannot be truly creative. 

268 2.44 1.31 1.04* 0.62 

Creativity can be developed, but one either 

is or is not a truly creative person. 

268 3.79 1.59 0.02 -0.93 
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A creative solution requires effort and 

work, and these two are more important 

than natural creative talent. 

268 5.14 1.31 -0.79 0.52 

Some people are creative, others aren't - 

and no practice can change it. 

267 2.45 1.34 0.96 0.39 

It doesn't matter what creativity level one 

has - you can always increase it. 

268 5.35 1.31 -0.80 0.38 

A truly creative talent is innate and 

constant throughout one's entire life. 

268 3.41 1.63 0.40 -0.68 

I don't feel comfortable with engineering 

problems that are open to more than one 

interpretations. 

266 2.85 1.42 0.70 -0.39 

When possible, I try to avoid engineering 

problems that must be viewed from several 

different perspectives. 

265 2.49 1.22 1.07* 0.70 

If I can, I avoid engineering problems that 

are open to many interpretations. 

265 2.72 1.36 0.89 0.10 

I prefer familiar types of problems in my 

engineering work to new ones. 

266 3.82 1.62 -0.03 -0.88 

Engineering problems that cannot be 

considered from one point of view are a 

little intimidating. 

264 3.93 1.58 -0.24 -1.06 

I try to avoid engineering design problems 

that are too complex for me to understand. 

265 3.27 1.59 0.47 -0.78 

I try to avoid engineering problems that 

don't have only one "best" solution. 

265 2.64 1.22 1.00 1.13 

When working through an engineering 

problem, I prefer originality over 

familiarity. 

265 4.29 1.45 0.01 -0.63 

I dislike situations in my engineering 

design work where there are many 

different ways to approach the problem. 

264 2.74 1.24 0.73 0.13 

In my engineering projects, I find it hard to 

make a choice when the outcome is 

uncertain. 

265 4.27 1.48 -0.48 -0.81 

I prefer engineering work that can be 

understood in more than one way. 

263 5.10 1.16 -0.58 0.56 



 

237 

 

I am not afraid to propose new ideas when 

working with a team of engineering 

students I don't know well. 

264 5.03 1.56 -0.68 -0.40 

I am confident that any ideas I have will be 

highly valued. 

264 4.20 1.54 -0.20 -0.66 

I find constructive feedback on engineering 

reports useful. 

265 5.82 1.19 -1.46* 2.69* 

I am not afraid to constructively criticize 

the opinions of others when working in a 

team. 

265 5.22 1.36 -0.82 0.29 

Even if an idea I present is criticized, that 

does not mean it is a bad idea. 

265 5.63 1.19 -1.14* 1.26 

While working with a team of engineering 

students, I am comfortable defending my 

opinion to someone who may not 6 with 

me. 

264 5.44 1.29 -1.09* 0.99 

I am comfortable changing my opinion 

when presented with a convincing reason 

to do so, when working on an engineering 

project. 

265 6.08 .88 -1.22* 2.21* 

When faced with an engineering related 

problem, I would rather take action quickly 

than wait to be sure I have the right 

answer. 

265 3.43 1.51 0.34 -0.81 

I tend to think carefully about every 

decision that I make in my engineering 

projects. 

264 5.27 1.26 -0.75 0.04 

I often have a hard time making decisions 

in my engineering projects. 

265 4.08 1.44 -0.04 -0.68 

I fear that when I do make decisions in an 

engineering project, I have made the wrong 

choice. 

265 4.14 1.52 -0.19 -0.87 

I am uncomfortable when I can't find my 

way forward in the midst of an open-ended 

engineering problem. 

265 4.35 1.44 -0.41 -0.67 

I like when the work that I do has a clear 

path. 

265 5.07 1.41 -0.78 0.35 

Unpredictability is uncomfortable for me in 

an engineering design problem. 

265 3.93 1.40 0.08 -0.69 
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When I start an engineering project, I often 

find myself stuck in the research phase. 

265 3.82 1.54 0.24 -0.66 

 


