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Abstract 
The goal of an undergraduate engineering education is to provide students 
with the necessary knowledge and skills needed to solve real world problems. 
Creativity and critical thinking are two abilities essential for success in the 
workplace, and are highly sought after by employers. However, there is evi-
dence of decreasing creativity and critical thinking in senior engineering stu-
dents. This study sought to understand if freshman engineering students are 
measurably more creative, but less capable of critical thinking, than senior 
undergraduate engineering students. Creativity and critical thinking were 
measured using the Test for Creative Thinking-Drawing Production (TCT- 
DP) and the Watson-Glaser Critical Thinking Appraisal (WGCTA), respec-
tively. The data suggest that freshman engineering students were significantly 
more creative than senior engineering students. However, senior engineering 
students were found to be no better at critical thinking than their freshman 
counterparts. When compared to normative data, the senior engineering stu-
dents underperformed significantly compared to the general population of se-
nior college students. With study limitations in mind, these findings may 
suggest that senior engineering students are not only less creative, but also less 
capable of critical thinking, than when they started their engineering program. 
If this is indeed the appropriate conclusion, then there is a need to understand 
the underlying issues driving the decline of creativity and critical thinking in 
engineering undergraduate students. 
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1. Introduction 

Engineers are in the business of creativity and innovation. In the last two hundred 
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years, “more than half of the major life-altering, technological and social innova-
tions introduced to the world came into being”, and engineers were responsible 
for a large portion of those technological breakthroughs (Puccio & Cabra, 2010). 
Now more than ever, the world is in a state of continuous innovation, in need of 
engineers with the creative and critical thinking skills necessary to solve present 
and future challenges (Tucker, 2001; Twohill, 2012). 

The Partnership for 21st Century Skills, a consortium focused on infusing 21st 
century skills into education, conducted a study to determine which skills em-
ployers found most essential for performance in today’s workplace, with 382 to 
409 employer respondents (Casner-Lotto & Barrington, 2006). Based on the em-
ployers’ answers, the study gathered a list of twenty attributes and categorized 
them as either basic or applied skills. These included simple items such as read-
ing comprehension, as well as more advanced abilities, such as leadership and 
social responsibility. The study found that creativity/innovation and critical 
thinking were some of the most desired skills for workplace entrants with four- 
year college diplomas. Specifically, both of these skill sets were ranked within the 
top ten. It is apparent that creativity and critical thinking are essential to 
workplace performance. This suggests that critical thinking and creativity must 
be given the same level of emphasis in engineering education as math and 
sciences to ensure engineers are ready for the 21st century workplace. 

Innovation as a process requires both creativity and critical thinking in order 
to be successful. Theoretical frameworks on the innovation process generally 
distill into stages: idea generation, development of the concept, evaluation and 
selection of the concept, product development, and finally implementation 
(Dreiling & Recker, 2013; Berry, Shankar, Parish, Cadwallader, & Dotzel, 2006; 
Nagji & Tuff, 2012). Critical thinking skills are valued in this framework, since 
multiple stages require the definition and understanding of problems, as well as 
defining the original problem the company needs to solve through innovation. 
Creativity also plays a key role in ideation steps within the innovation process, 
through the many stages of the product or service’s lifecycle. The innovation 
process for business is driven by these two critical skills. As such, it is essential to 
understand the state of both among college engineering students, and find me-
thods to address any deficiencies found. 

The business need for innovation shows the importance of teaching under-
graduate engineering students how to be better creative and critical thinkers. 
Unfortunately, the literature in this area suggests critical thinking stagnation and 
creative decline in undergraduate engineers instead. This research further ex-
plored these areas of concern to determine the state of creativity and critical 
thinking in engineering undergraduates through a comparative study between 
incoming and outgoing engineering students. 

This paper will explore the current state of creativity literature in pertinent 
areas, the hypotheses will be clearly stated, the methodologies undertaken to test 
the hypotheses will be discussed, the results of the experimental analyses will be 
presented and finally the results and their implications will be discussed. 
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2. Literature Review 
2.1. What is Creativity? 

Creativity was once considered a divine gift, sometimes completely disassociated 
from the person who developed the creative works. The Greeks thought creativ-
ity to be the result of a person’s daimon, or guardian spirit (Runco & Albert, 
2010). For much of history, creativity was considered the ability of a few, until 
research began to suggest it might possibly be a tool for all. Researchers found 
that creativity was not the sole ability of only privileged individuals, but the po-
tential ability of anyone with a capacity to learn (Andreasen, 2006; Gelb, 2000; 
Starko, 2014). 

Creativity is difficult to define. Its reach is so wide and its implementation so 
broad that a complete definition is elusive within the research. Guilford (1967a, 
1967b, 1959) provided one of the first definitions for research as part of his 
Structure-of-Intellect model, defining creativity in a similar way to other types of 
human thought. His is one of the first definitions; Starko (2014) and others point 
to a plethora of creativity research suggesting many different definitions of crea-
tivity across the psychology disciplines (Parkhurst, 1999; Kozbelt, Beghetto, & 
Runco, 2010). The lack of a universal theory of creativity makes research meas-
ures difficult to reconcile. 

Though the varied theories do not agree completely, there are consistent ele-
ments that appear in many historical and current studies supporting the research 
and study of creativity. The following exploration synopsis of literature is pur-
posefully concise, as these topics can be extensive. The consistent elements seen 
throughout creativity theory are: 
1) Connectedness, Emotional Thinking and Metaphorical Thinking 

Connected and metaphorical thinking are the types typically associated with a 
creative individual’s ability to elaborate on ideas and synthesize. By using meta-
phor and analogy, typically unassociated ideas are related through an indirect 
path to form a further refined or completely new idea (Mednick, 1962). Kohn et 
al. (2011) “argue[d] that people’s ability to combine categories is related to their 
ability to produce original, high-quality products”, which would make their re-
sulting products creative.  

In writing, metaphors are the most commonly found type of expression of 
novel ideas. Piirto (2004) found that the use of metaphor is an important part of 
the works of young creative writers. The power of ideational connection allowed 
by the use of metaphor allows for complex or unrelated ideas to be brought to-
gether in a novel form. Additional studies have looked at how metaphors 
progress with age and their relation to creativity (Gardner & Winner, 1982). 

Analogies are another simple way to generate and communicate novel ideas, 
as they provide a common starting point for others to understand the potential 
of a new concept. This can lead to incremental changes that in turn become in-
novations, or breakthrough ideas (Chan & Schunn, 2014). Empathizing is also a 
studied approach which, like the use of analogies, provides a means for others to 
understand the innovation. The basis of this process is the human need to 
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empathize with the feelings of others. By understanding how others may strug-
gle with products or services, a creative individual can craft solutions that may 
totally redefine an industry (Genco, Johnson, Holtta-Otto, & Conner Seepersad, 
2011). By connecting ideas through metaphor, analogies and emotional connec-
tion, new concepts are generated.  
2) Flexibility and Elaboration 

Flexibility and elaboration are largely based on divergent thinking processes. 
Guilford (1950, 1967a, 1959) proposed the concept of divergent thinking based 
on his observations that creative people tended to utilize this style of thought 
more than others. Additionally, Guilford detailed divergent thinking in terms of 
fluency, flexibility, originality and elaboration. Divergent thinking is the process 
by which many ideas are generated based on a core concept. This type of think-
ing allows the exploration of multiple concepts, ideas and combinations without 
constraint (Starko, 2014).  

Creativity literature lends great credence to the concept of divergent thinking. 
Many creative assessments use divergent thinking concepts in their develop-
ment, including the Torrance Test of Creative Thinking (Torrance, 1988). Addi-
tionally, much of the literature of creative training also relies on divergent 
thinking as a means of improving creativity, and assessing its improvement or 
decline (Cropley, 2000; Clapham, 1997; Clapham & Schuster, 1992; Runco, Mil-
lar, Acar, & Cramond, 2010; Kim, 2011; Cramond, Matthews-Morgan, Bandalos, 
& Zuo, 2005). Divergent thinking and its associated characteristics are a vital 
part of creativity; its value in determining creative ability has been verified 
through extensive proven correlations in the field. 
3) Openness to Experience and Originality 

Openness to experience is key to creativity, as demonstrated in those who 
have tendencies toward curiosity and imagination (Feist, 2010). The acceptance 
of new experiences and novel concepts allow the individual to explore previously 
unknown ideas. These new experiences are catalysts to novel innovations, com-
binations and the development of new concepts. 

Dollinger et al. (2004) compared several personality tests to the Test of Crea-
tive Thinking-Drawing Production (TCT-DP) in a study. The personality tests 
captured the attributes of individuals involved in the study, to determine how 
the different personality traits correlated with their creative assessments. The 
only personality dimension found with consistent correlation through the crea-
tivity assessment was the quality of openness. Many other studies have re-
searched this very relationship and found similar results (George & Zhou, 2001; 
Wutrich & Bates, 2001; Furham, 1999; Perrine & Brodersen, 2005). 

The close connection between openness and creativity is a key trait for crea-
tive individuals. Based on its importance to the creative process, this trait proves 
useful in the work of creativity assessment, as it is an outwardly demonstrable 
trait.  
4) Problem Finding and Problem Solving 

Problem finding and solving are crucially important for the generation of 
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creative ideas. Though generating many novel ideas can support creative solu-
tions, the combination and association of non-obvious concepts is essential to 
creating creative products (Root-Bernstein & Root-Bernstein, 2001). Studies 
throughout creativity research point to problem finding and problem solving as 
a basis of creative product generation (Runco & Nemiro, 1994; Belski, 2009; 
English, 1997; Lai, Roan, Greenberg, & Yang, 2008; Ozyurt & Ozyurt, 2015; 
Wakefield, 1985).  

Problem finding has been shown to be a “primary condition of creative per-
formance” (Wakefield, 1985). The results of a study on fifth graders’ ability to 
find novel solutions to math problems concurred with the finding of Wakefield’s 
study, as the participants’ novel approaches to solving the problems improved 
through training showing a link between creativity and problem finding 
(English, 1997). Rostan (1994) found that the most creative individuals within 
another study dedicated the most time to problem finding during their creative 
exploration. Based on these and the other studies mentioned, problem finding 
and solving skills are a vital characteristics of the creative individual. 
5) Willingness for Risk-Taking 

In his seminal work, McClelland (1963) suggested that calculated risks form 
one essential aspect of scientific performance. The willingness to take chances is 
a cornerstone of creativity literature, due to the groundbreaking nature of crea-
tivity. 

Many studies seek to determine the association between risk-taking and crea-
tivity. Tyagi et al. (2017) conducted two studies to explore the relationship be-
tween creativity and risk-taking. The results suggested risk-taking was the 
“strongest predictor of creative personality and ideations scores” (Tyagi, Ha-
noch, Hall, Runco, & Denham, 2017). The strong relationship between risk- 
taking and creativity holds true across multiple other research efforts (Eisenman, 
1987; Pankove & Kogan, 1968; Sternberg, 2012; Steele, McIntosh, & Higgs, 
2016). Based on the available literature in the field of creativity research, 
risk-taking is an individual characteristic closely related with both creative abili-
ty and production. 
6) Curiosity 

Curiosity, though a well-known trait, is still under investigation in terms of its 
underlying mechanisms and general cognitive theories. Litman (2005) defined 
curiosity as a desire or a want of previously unknown information. His paper li-
kens it cognitively to other appetitive desires such as food. Based on this expla-
nation, curiosity is an exploratory force driving creative efforts. 

Other research on curiosity and creativity has yielded similar results. Con-
flicting viewpoints on whether curiosity drives creativity, creativity drives cu-
riosity, or a combination of both, lead to further difficulties (Harrison, 2016; 
Hunter, Abraham, Hunter, Goldberg, & Eastwood, 2016). Windahl (2017) sug-
gests that curiosity begins the process of creative ideation and synthesis in mar-
ket analysis. Alternatively, Litman (2005) proposes that curiosity forms a “moti-
vational backbone” present throughout the life of creative ideas from their 
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inception, through their adoption and dispersion. Though the interactions be-
tween creativity and curiosity are not understood, the literature clearly indicates 
curiosity is essential to creativity.  

Based on the research suggesting these characteristics are essential to creativi-
ty, they may be a vital key to researching creativity. These cross-creativity theory 
elements are not singular in their effects. Each element influences the others in-
tricately, yet may be individually studied based on creative production. As such, 
these elements will be used as the basis of creativity assessment in this study. 
Further in the discussion, the elements will be linked to the associated testing 
measures used by the Test of Creative Thinking-Drawing Production (TCT- 
DP), the creativity assessment instrument utilized in this study. This analysis will 
link the elements of the assessment to other known theories and long-used tests 
of creativity assessment. 

2.2. State of Creativity in Engineering Undergraduates 

Though industry demands creativity and innovation from the 21st century 
workforce, signs of negative trends in creativity appear in various studies (Kim, 
2011; Genco, Holtta-Otto, & Conner Seepersad, 2012). The findings of these 
studies suggest current pre-college and college education, including engineering 
education, have driven creative thinking down over many years to its present 
state. Based on the seriousness and urgency of this problem, special attention 
should be paid in determining its severity and how best to reverse the negative 
effects that have already occurred. One study used archival data for the Torrance 
Tests of Creative Thinking (TTCT) on a total of 272,599 kindergarten through 
twelfth grade students and adults in order to determine trends on their ability to 
think divergently (Kim, 2011). The study shows a downturn in creative thinking 
skills (i.e. fluency, originality and elaboration within the TTCT) from 1966 
through 1974, and from 1990 to the present. These results represent a significant 
loss of creative individuals capable of being trained in various technical careers 
that require innovation for true success. Though already troublesome, there is 
evidence this scenario is not improved by exposure to the engineering curricu-
lum. 

Genco et al. (2012) conducted a study on the innovation potential of under-
graduate engineers. This evaluated students’ creative skills by asking for a new 
design for an alarm clock, a standardized real-world design problem. Through 
the use of such a ubiquitous object, this experiment lends itself to solutions de-
monstrating the negative effects of design fixation and expert bias (Jansson & 
Smith, 1991; Woltz, Gardner, & Bell, 2000). Design fixation is the implementa-
tion of previously learned information or patterns in order to solve a problem, 
regardless of their applicability to the current dilemma. Though both groups 
(freshmen and seniors) had experience with alarm clocks in everyday life, se-
niors may have been at a greater disadvantage, as they would likely have a more 
developed knowledge of the internal workings and functions of an alarm clock 
as gained from their coursework. This may have driven them to less creative 
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potential solutions, re-using common alarm clock design elements regardless of 
their actual design necessity. Researchers noted that senior-level students did 
indeed demonstrate abilities indicative of their more advanced engineering edu-
cation, but lacked the more free-form creativity the freshmen displayed. The 
study concluded that, overall, freshman engineering students had a statistically 
significant advantage in terms of creative output. Other studies also point to 
similar conclusions of diminished creative abilities after completing engineering 
coursework (Genco, Holtta-Otto, & Conner Seepersad, 2012; Kazerounian & 
Foley, 2007). 

Atwood and Pretz (2016) discovered that creative engineering students are 
less likely to complete their engineering degrees. The authors suggest this results 
directly from the ineffectual way creativity is taught within the engineering cur-
riculum. Student surveys also lend credibility to the findings of creativity re-
search on those studying engineering. Kazerounian and Foley (2007) conducted 
a survey asking students and professors how specific Maxims in Creativity were 
addressed through their engineering coursework. These maxims included learn-
ing to fail, leading by example and the search for multiple answers. Engineering 
students largely felt that these creative maxims were generally not addressed 
within their coursework. These results concur with the research seen throughout 
the literature review. In many cases, engineering education does not support the 
creative processes the students require for their work outside academic life. 

2.3. Evaluating Creativity 

As seen throughout current studies, creativity is still a primary research topic. It 
is of great consequence to the human condition as it drives our knowledge ac-
quisition process. As such, it is important both academically and socially to de-
velop ways to evaluate the creative skills within individuals, as well as under-
stand how that skill changes. Currently this is accomplished through a myriad of 
creativity assessments designed to examine the well-known attributes of creative 
individuals. As mentioned earlier, the Torrance Tests of Creative Thinking is a 
hallmark test in the study of creativity. 

The TTCT was designed by J.P. Torrance as an extension of the tests devel-
oped for the U.S. Air Force in an attempt to select the best pilots (Torrance, 
1988). Torrance noticed the test’s ability to show creative skill (creative problem 
solving and ability to think divergently), so it was modified and used in creativity- 
based research as well (Starko, 2014). The TTCT evaluates several attributes, in-
cluding originality, fluency, elaboration, abstractness of titles and resistance to 
premature closure. To determine these different attribute scores, the test relies 
heavily on divergent thinking exercises. These form the basis of many definitions 
of what makes a creative individual (Starko, 2014; Root-Bernstein & Root- 
Bernstein, 2001). The TTCT has become a widely studied and used test of crea-
tivity within the K-12 range to determine child giftedness, but also within aca-
demic research to test the effectiveness of creativity enhancement techniques. 

There is significant research as to the applicability and validity of the TTCT in 
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reference to its use within creativity research. Some argue against its accuracy in 
determining creative skill on the basis of its heavy reliance on divergent thinking 
(Zeng, Proctor, & Salvendy, 2011). Though divergent thinking is considered to 
be an important aspect of creative skill, it is not the only one. As such, the 
TTCT, with its emphasis on divergent thinking as an instrument of creative skill, 
would only give a partial picture of an individual’s creative potential. 

Though the TTCT can provide a measure of creativity in terms of divergent 
thinking ability, and studies have shown it to be consistent with long-term crea-
tivity as judged by the participants, an approach is necessary that is more sensi-
tive to overall creativity (Cramond, Matthews-Morgan, Bandalos, & Zuo, 2005; 
Runco, Millar, Acar, & Cramond, 2010). Divergent thinking forms an essential 
but incomplete picture of creative ability (Cropley, 2000). To this aim, Jellen and 
Urban (1986) created the Test of Creative Thinking-Drawing Production.  

Carl Rogers’ theory of creativity makes up the primary basis of the TCT-DP. 
“Roger’s theoretical approach to creativity describes the nature of the creative 
act, the conditions under which it occurs, and the manner in which it may con-
structively be fostered” (Jellen & Bugingo, 1989). As such, the TCT-DP allows 
each participant “to create, develop, expand and/or extend something unique or 
novel that is satisfying to the creator” (Jellen & Bugingo, 1989). This allows for 
creativity to be witnessed in a more freeform medium, rather than a rigid con-
struct such as the verbal portions of the TTCT. In addition, the TCT-DP at-
tempts to capture more dimensions of an individual’s creativity (Jellen & Urban, 
1986). 

The TCT-DP evaluates creative ability with the use of 11 + 4 criteria, devel-
oped as a complete analysis of an individual’s creativity through Continuations 
(Cn), Completions (Cm), New Elements (Ne), Connections made with a line 
(Cl), Connections made to produce a theme (Cth), Boundary breaking that is 
fragment dependent (Bfd), Boundary breaking that is fragment independent 
(Bfi), Perspective (Pe), Humor and affectivity (Hu), Unconventionality, a (Uc, 
a), Unconventionality, b (Uc, b), Unconventionality, c (Uc, c), Unconventional-
ity, d (Uc, d), and Speed (Sp) (Jellen & Urban, 1986). For this research, speed 
was not used as a measure within the analyses due to the limitations imposed by 
participant testing.  

Traditional creativity measures focus on divergent thinking as one of the more 
important measures of creativity. These include aspects such as fluency, elabora-
tion, flexibility and originality. Since traditional tests are primarily concerned 
with divergent thinking, some of the more whole-picture creativity measures set 
forth in the TCT-DP do not have direct links to the traditional measures. As 
such, Jellen and Bugingo (1989) developed a table linking the TCT-DP measures 
to traditional measures of creativity, and provided possible new measures for 
those without direct links to traditional research measures. Using this table and 
current creativity research as a reference, Table 1 provides a synopsis of the 
TCT-DP variables, associated mental processes and their links to traditional and 
current creativity research. The new measures are interesting, as they account  
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Table 1. Links and Definitions for TCT-DP Measures. 

TCT-DP 
Variables 

TCT-DP Variables 
Elements  
Linked  

to Research 
General Definition Studies Supporting Elements 

Cn Continuations Fluencya Ability to generate many ideas 

(Guilford, 1967a; Guilford, Creativity, 1950; 
Guilford, Three faces of intellect., 1959; Cropley, 
2000; Clapham, 1997; Clapham & Schuster, 1992; 

Runco, Millar, Acar, & Cramond, 2010; Kim, 2011; 
Cramond, Matthews-Morgan, Bandalos, & Zuo, 

2005) 

Cm Completions Elaboration Ability to add to ideas to improve them 

Cl 
Connections made 

with Lines 
Flexibility 

Ability to generate different types of ideas 
or ideas from multiple perspectives 

Pe Perspective Elaboration Ability to add to ideas to improve them 

Uca Unconventionality A Curiositya,b 
Need to explore and understand the known 

and unknown 

(Harrison, 2016; Hunter, Abraham, Hunter, 
Goldberg, & Eastwood, 2016; Windahl, 2017; 

Litman, 2005) 

Ne New Elements Originality Ability to generate novel ideas 

(George & Zhou, 2001; Wutrich & Bates, 2001; 
Furham, 1999; Perrine & Brodersen, 2005; 

Dollinger, Urban, & James, 2004; Feist, 2010) 
Ucb Unconventionality B Originality Ability to generate novel ideas 

Ucd Unconventionality C Originality Ability to generate novel ideas 

Cth 
Connections made to 

produce a Theme 
Synthesisb Ability to coalesce multiple ideas into one 

(Runco & Nemiro, 1994; Belski, 2009; English, 
1997; Lai, Roan, Greenberg, & Yang, 2008; Ozyurt 

& Ozyurt, 2015; Wakefield, 1985; Rostan, 1994) 
Bfd 

Boundary Breaking 
Fragment Dependent 

Detectabilityb 
Ability to detect changes, cues and patterns 

within problem 

Hu Humor Sensitivityb Capacity for emotional transference (Genco, Johnson, Holtta-Otto, & Conner 
Seepersad, 2011; Chan & Schunn, 2014; Gardner & 
Winner, 1982; Piirto, 2004; Kohn, Paulus, & Korde, 

2011; Mednick, 1962) Ucc Unconventionality C Passionb 
Ability to express concepts important to the 

individual 

Bfi 
Boundary Breaking 

Fragment 
Independent 

Riskb 
Ability to take action in the face of the 

unknown 

(Eisenman, 1987; Pankove & Kogan, 1968; 
Sternberg, 2012; Steele, McIntosh, & Higgs, 2016; 

Tyagi, Hanoch, Hall, Runco, & Denham, 2017; 
McClelland, 1963) 

Note: aTraditionally categorized as flexibility. bNot traditional measures in the evaluation of creativity within current creativity literature, but suggested as 
new measures for creativity measurement by Jellen and Bugingo (1989). Definitions and supporting literature have been generated by the researcher with 
reference to measurement intent and literature referring to these characteristics of creative individuals. 
 

for the additional dimensions of creative individuals, such as risk-taking and 
sensitivity (Starko, 2014). 

The theoretical construct of the TCT-DP hinges on concepts supported by 
creativity research. The test itself demonstrates internal and construct validity 
through many studies (Dollinger, Urban, & James, 2004; Cropley & Cropley, 2000; 
Rodrigues Virgolim, 2005). As such, several researchers found direct correlations 
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between high test scores on the TCT-DP and high levels of real-world creativity 
(Cropley & Cropley, 2000; Urban, 2004; Jellen & Bugingo, 1989; Leung, 2013; 
Danial, 2015). Urban (2004) also cites several other studies performed in mul-
tiple countries that have similar ties to real world creativity (Togrol, 2012). Based 
on these studies developed using the TCT-DP, there is evidence for the overall 
reliability and validity of the test as an assessment of creative ability. The corre-
lation between real world creative tasks and a high score on the TCT-DP sug-
gests the test can support comparative studies, as the difference in scores can be 
tied to higher real-world creative outputs. 

2.4. State of Critical Thinking 

Critical thinking is a vital part of the engineering profession. Engineers are 
taught to analyze and think through problems from multiple perspectives in or-
der to reach an appropriate solution. They must design useful items such as 
alarm clocks and vehicles based on critical requirements, material limitations, 
cost limitations and many unknowns. Most courses focus on teaching funda-
mental mathematical concepts and problem solving as a means to teach both 
engineering as well as critical thinking in problem solving (Zhou, 2012; Badran, 
2007). 

Since critical thinking is important not only as a means to analytically solve 
problems, but also as a driver for creativity, it is quite important to understand 
the effects of the engineering curriculum on the critical thinking skills of under-
graduates. Studies on critical thinking provide a less clear picture of the effects of 
engineering education on critical thinking skills. Douglas’ (2012) study found 
evidence that undergraduate engineering students performed better on a stan-
dard critical thinking assessment than graduate engineering students. The re-
searcher noted the variance was likely due to graduate students answering fewer 
questions during testing. As such, it was likely there were no differences between 
the groups. Another study by Ozyurt and Ozyurt (2015) agreed with this result. 
Though this would suggest a reduction in critical thinking skills, other studies 
and the Watson-Glaser Critical Thinking Assessment (WGCTA) normative data 
suggest an improvement in overall critical thinking abilities as a result of in-
volvement in both academic and extracurricular college life. 

Research largely suggests that critical thinking improves as a result of college 
experiences, including both coursework and college life. Mines et al. (1990) stu-
died how senior college students’ critical thinking abilities were affected by their 
college experience as compared to freshman college students. Researchers eva-
luated a group composed of freshman, senior and graduate participants using 
the Reflective Judgement interview, Watson-Glaser Critical Thinking Appraisal 
and Cornell Critical Thinking Test. The most relevant finding of this research 
was that seniors scored significantly higher than freshman students. When com-
pared to the normative data of the general student populations for the WGCTA, 
the freshman engineers scored lower in critical thinking skills than their 
equivalent freshman norms, while the senior engineers scored at their respective 
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normative average. Many other studies suggest this result as well (Watson & 
Glaser, 2008; Pascarella, 1987; Keeley, 1992; Spaulding & Kleiner, 1992).  

Some studies also suggest campus culture and out-of-class experiences may 
play a role in the improvement of critical thinking (Tsui, 2000; Terenzini, 
Springer, Pascarella, & Nora, 1995). According to these studies, by participating 
in college courses and college life, students experience a significant improvement 
in their overall critical thinking abilities (Pascarella, 1987; Terenzini, Springer, 
Pascarella, & Nora, 1995). Keeley et al. (1982) found that seniors provided more 
appropriate critiques of sample passages than freshman participants. Though the 
researchers noted that the seniors’ commentary still lacked some details, the lev-
el of critical thinking demonstrated was significantly higher than that of the 
freshman students. Another study found that, though critical thinking ability 
was not related to grade level, engineers showed high-level critical thinking skills 
when tested (Ozyurt & Ozyurt, 2015). 

Research indicates engineers as a group are more likely to have thinking styles 
inclined towards critical thinking, such as preferring “more highly prioritized 
thinking” (Gridley, 2007). Additionally, several colleges are actively integrating 
engineering-based critical thinking instruction within their coursework 
(Mokhtar, 2010). Since engineers typically focus more on analytically-driven 
fields such as physics and mathematics, this suggests very positive improvements 
in critical thinking abilities near the completion of their degrees, through both 
their experiences and coursework. The large repository of studies suggests that 
engineers should develop improved critical thinking skills as a result of their en-
gineering education. 

2.5. Assessing Critical Thinking Skill 

Engineering education typically focuses on training students to think critically 
about a given problem, in order to forge solutions from experience and learned 
concepts. This is necessary for any engineer to be able to function within the 
realm of laws that govern physics and mathematics. Critical thinking is also an 
essential part of the creative thinking process, specifically in the process of syn-
thesis (Starko, 2014; Root-Bernstein & Root-Bernstein, 2001; Andreasen, 2006). 
Based on this, it was postulated that the critical thinking abilities of senior engi-
neering students would be higher than that of the freshman students, due to the 
intensive coursework intended to hone their critical thinking skills (i.e. analysis, 
synthesis, etc.). To measure the difference in critical thinking abilities, the Wat-
son-Glaser Critical Thinking Appraisal Form A was used for this study. 

Measuring any cognitive trait requires accurate assessment instruments, capa-
ble of capturing the trait while resisting confounding from other factors. As a 
means to measure critical thinking in individuals, the Watson-Glaser Critical 
Thinking Appraisal Form A provides a consistent and simple means of gathering 
critical thinking data. The WGCTA Form A Manual details the use of this test 
on high school students, college students and business professionals. Since the 
test is applicable to a wide subset of late teens to adult individuals, the test is 
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acceptable for use in assessing the critical thinking abilities of freshman and se-
nior undergraduates, as done in this research. In addition to being age and level 
appropriate, there is strong evidence of reliability and validity of the test when 
data are appropriately evaluated and interpreted (Watson & Glaser, 2008; Pas-
carella, 1987; Mines, King, Hood, & Wood, 1990; Wilson & Wagner, 1981). 

As with all tests used for scientific study, test reliability and validity are essen-
tial to successful data interpretation. The WGCTA was chosen for these experi-
ments based on its extensive history as a reliable and consistent measure of indi-
vidual critical thinking skills. The WGCTA Form A Manual, as well as addition-
al recent studies, find good reliability and validity evaluations in real world stu-
dies, as well as good correlation with other known tests of critical thinking 
(Pascarella, 1987; Behrens, 1996; Gadzella & Baloglu, 2003; Watson & Glaser, 
2008; Mines, King, Hood, & Wood, 1990). 

2.6. Study Goals 

This research expands the current knowledge by correlating the results of studies 
using non-standard methods of creativity and critical thinking assessment (i.e. 
judgment of creative works, GPA, SAT, etc.) and standardized tools. Since 
non-standard tools of assessment are difficult to compare and reproduce, the 
framework of this study provides a simple and easy-to-administer set of tools. 
This set of tools is necessary for the longitudinal studies which must be under-
taken to gain a complete understanding of creativity and critical thinking. 

Additionally, this study expands the understanding of critical thinking in en-
gineering students. By exploring the critical thinking abilities of freshmen and 
seniors, trends requiring additional study can be identified and addressed. 

3. Hypothesis 

This study has two hypotheses. They are: 
1) Senior engineering students will have lower levels of creative ability than 

the freshman engineering participants. 
2) Senior engineering students will have higher critical thinking scores than 

freshman engineering students. 
The literature review supports these two hypotheses. Several studies demon-

strate a lack of creativity in the engineering curriculum (Atwood &Pretz, 2016; 
Genco, Holtta-Otto, & Conner Seepersad, 2012; Kazerounian & Foley, 2007). 
The results of Weinstein et al. (2014) imply that individuals practicing within 
traditionally creative fields may not be experiencing the creativity decline seen 
by other studies. This suggests that the decline in creativity may be focused in 
fields traditionally thought of as less creative, such as engineering. 

Though critical thinking may not be advanced through engineering course-
work (Douglas, 2012), many studies have shown that the exposure and ad-
vancement of studies positively affects critical thinking (Mines, King, Hood, & 
Wood, 1990; Ozyurt & Ozyurt, 2015; Pascarella, 1987; Spaulding & Kleiner, 
1992; Terenzini, Springer, Pascarella, & Nora, 1995). There is strong evidence to 
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suggest that a pursuit traditionally linked with analytical thinking would trend 
toward improved critical thinking skills. 

4. Methodology 
4.1. Research Participants 

Study participants were recruited from both an introductory course (EGS 1006C: 
Introduction to the Engineering Profession) and a senior-level course in engi-
neering. The participants in the introductory course were first year freshmen in 
the College of Engineering, and provided pre-engineering education data re-
garding their creative and critical thinking capabilities through the testing 
(group FA). A total of 62 freshman engineering students volunteered to partici-
pate in the TCT-DP testing from the EGS 1006C course (nFA = 62). Of the 62 
freshman engineering participants, 59 freshman engineering students completed 
the WGCTA (nFA, WGCTA = 59). Due to the multidisciplinary nature of the 
introductory course (i.e. multiple engineering major types), this sample is indic-
ative of the base state of creativity and critical thinking in the average incoming 
engineering student, regardless of their field specialty.  

Engineering senior students enrolled in a leadership senior-level capstone 
course were asked to participate in the study (group CA). A total of 112 senior 
engineering students volunteered to take the TCT-DP (nCA, TCT = 112). Of the 
112 volunteers, 95 opted to take the WGCTA also. Only 86 completed the 
WGCTA (nCA, WGCTA = 86). Due to a delay in testing materials, the testing 
was postponed until a few weeks into the course, and some inadvertent creativity 
training took place through a combination of exposure to the project-based cur-
ricula, and the known creative expectations of the course (Rietzchel, Nijstad, & 
Stroebe, 2014). Since the baseline creativity scores for the CA senior group were 
skewed from this sample, the baseline creativity scores used for comparison to 
the freshman group (FA) came from a separate set of senior engineering stu-
dents (group WA). This group was given the same TCT-DP test as the CA senior 
group, for a separate but related study. These students were at the beginning of 
their senior design course, and had no prior knowledge of creativity training or 
testing taking place before the pretest was provided. A total of 68 senior engi-
neering students volunteered to participate in the TCT-DP testing from a work-
shop conducted as part of a capstone course in engineering (nWA = 68).  

These courses enroll students from a wide variety of engineering majors. Par-
ticipants were randomly requested to participate from the capstone course in 
order to gather a sample more indicative of the general population of engineer-
ing students, as seen in the introductory freshman course. This allowed for a 
sample with adequate representation.  

4.2. Procedure 

A group of undergraduate engineering freshman and senior students were asked 
to participate in a study investigating creativity and critical thinking. Study 
participants were informed that their participation in the study was completely 



E. Sola et al. 
 

1508 

voluntary, would not have any effect on their coursework, positive or negative, 
and that they could request to be removed from the study at any time. Consent 
forms were distributed, thoroughly discussed and clarified before obtaining ver-
bal consent and continuing with the testing. Participants were not asked for 
identifiable data. Only age and gender were collected in order to perform demo-
graphic analyses. Additionally, participants were notified that if they decided to 
no longer participate in the study, they could turn in their testing material and it 
would be destroyed. 

After giving consent, study participants completed a test with two distinct 
parts. The first section was an assessment of creativity through the Test of Crea-
tive Thinking-Drawing Production. The TCT-DP uses an incomplete drawing as 
a starting point, and asks study participants to complete the drawing in whatever 
manner they wish. Their completed drawings were then evaluated based on 11 + 
4 unique factors, which together formed a complete evaluation of the creativity 
of the individual. The test took a maximum of fifteen minutes for students to 
complete. 

The second section of the testing asked participants to complete the Wat-
son-Glaser Critical Thinking Appraisal. The WGCTA provides an assessment of 
the logical and critical thinking capabilities of the participants. The appraisal as-
sesses critical thinking skills through questions of logic, including inference and 
the evaluation of arguments. This test required approximately forty minutes to 
complete. 

Both assessments were bundled together as a single testing package and given 
to participants with sections that collected the necessary identifiers. Assessments 
of freshman and senior students were administered as similarly as possible 
within the constraints of testing. Senior testing was conducted in a classroom 
environment with an entire class. The freshmen were tested in groups as well, 
but in a non-class setting with fifteen persons or less at a time. 

4.3. Data Analysis 

The study utilized a correlational design. The TCT-DP data was analyzed and 
compared between the two population groups. The same analyses were per-
formed on the WGCTA data. This study tested the relationships between engi-
neering education, critical thinking and creative abilities. Additionally, several 
other variables were tested for additional effects, such as age and gender. 

TCT-DP forms were evaluated using the criteria provided by the test publish-
ers. Three raters were trained, using randomly generated samples as a group. 
These raters included an associate professor in the College of Engineering and 
two graduate students. The raters were then provided with a completely rando-
mized set of forms for blind evaluation. After an initial round of evaluation, 
scores were evaluated for rater agreement. Nearly half the tests were sent for re-
grading, with no mention of the source group or the degree to which raters were 
set apart. After re-grading, the test scores approached high levels of agreeability. 
As such, scores from all three raters were averaged, and the average scores were 
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used for statistical analysis. 
The Intraclass Correlation Coefficient (ICC) was calculated for the raters’ 

combined scores to determine the degree of agreement between the raters. Each 
testing group’s data were evaluated using a two-way random effects model to 
calculate the ICC. The two-way random effects model could be utilized effec-
tively, as the evaluation had a consistent set of raters, and the raters were ran-
domly chosen from a pool of possible raters (i.e. other graduate students) 
(McGraw & Wong, 1996; Shrout& Fleiss, 1979). 

The TCT-DP and WGCTA test data gathered were analyzed using Multiva-
riate Analysis of Variance (MANOVA) tests. MANOVAs were evaluated based 
on a degree of certainty, α, in the 95th percentile. Data determined to be non- 
normal was analyzed using non-parametric analysis techniques. 

With the combined data analyzed, comparative analyses were performed on 
the sub scores of both the TCT-DP and the WGCTA for each group. The com-
parative analyses were conducted in order to determine which sub scores were 
significantly affected by the independent variable: time spent in the engineering 
curriculum. Since the data is ordinal due to the rating system used on both the 
TCT-DP and the WGCTA, a non-parametric statistical analysis compared the sub 
scores between groups. The data were analyzed using a Mann-Whitney U Test, the 
non-parametric equivalent of a two-sample T-Test. The Mann-Whitney U Test 
results were interpreted based on a degree of certainty, α, in the 95th percentile. 

5. Results 
5.1. Participant Demographics 

Participants were instructed to provide gender and age information at the com-
mencement of all testing. Participants consisted of freshman students from EGS 
1006C (Introduction to the Engineering Profession), and senior students from 
EGS 4624 (Engineering Leadership and Innovation) and an engineering cap-
stone course. Though instructions were given before testing to provide gender 
and age on the TCT-DP, some participants did not provide all necessary infor-
mation. As such, the gender and age analysis of the data were limited to the par-
ticipant data for which the demographic information was provided. For analysis 
requiring age, all individual data not containing gender information was ex-
cluded from the sample. For analysis requiring both, all participant data without 
gender and age information was excluded for the purposes of that specific analy-
sis. No evaluations were found that omitted gender but provided age; therefore, 
no data were removed for gender alone. It is important to restate that the data 
were only excluded on the specific analyses that required gender and/or age; 
other analyses which only required TCT-DP or WGCTA score data were eva-
luated using all available data. 

The participant demographics provided by the participants are detailed below 
in Table 2. Though the age and gender information is assumed to be indicative 
of the overall population, not all participants provided all requested information. 
Two-way ANOVA analyses were performed on all groups studied to determine 
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Table 2. Participant demographics and test completion. 

 Total Participants Male Female Incomplete WGCTA 

Senior Group (CA) 95 21 - 35 21 - 28 9 

Freshman Group (FA) 62 18 - 23 18 - 19 3 

 
the effects of age and gender on TCT-DP score.  

The second portion of testing was focused on critical thinking assessment 
through the WGCTA. This test was taken by a subset of those who volunteered for 
the TCT-DP testing. Incomplete WGCTA tests were removed from the analysis. 

A two-way ANOVA was performed on the senior participant WGCTA data 
(CA). The results provided no significant evidence that age (F = 1.522, P-Value 
= 0.099) or gender (F = 0.84, P-Value = 0.772) influenced critical thinking 
scores. Though the age effect did not reach the significance level being consi-
dered in this testing (α = 0.05), there are signs of a trend in this data. 

A two-way ANOVA analysis was also performed on the freshman (FA) 
WGCTA data. Like the senior results, the two-way ANOVA showed neither 
gender nor age had a significant effect (F = 0.22, P-Value = 0.639; F = 0.21, 
P-Value = 0.808). Due to the limited range of ages in the incoming freshman 
participants, no significant effects were expected in terms of age. Based on the 
analyses of the demographic data, the data represents an adequate sample in 
terms of gender and age. 

5.2. TCT-DP Evaluation and Agreement 

Both single measure and average measure ICCs are reported. The average meas-
ures report the overall agreement between the three raters who scored the tests 
for the studies covered in this analysis. The overall agreement of the raters di-
rectly lends validity to the results of the study. The single measures detail the ra-
ter reliability expected of the TCT-DP based on the provided rating instructions. 

The single measures ICC results for the pre-training creativity course seniors 
(ICCCA, SM = 0.866), freshman participants (ICCFA, SM = 0.811) and pre- 
training creativity workshop seniors (ICCWA, SM = 0.877) show almost perfect 
agreement between raters (ICC > 0.80). The average measures ICC results for 
the pre-training creativity course seniors (ICCCA, AM = 0.951), freshman par-
ticipants (ICCFA, AM = 0.928) and pre-training creativity workshop seniors 
(ICCWA, AM = 0.955) also showed strong agreement between raters (ICC > 
0.80). This provides strong evidence of consistency and agreement between the 
three raters. 

Based on these statistics, the study data are sufficiently robust to draw conclu-
sions from the results.  

5.3. Creativity Testing 

A MANOVA statistical analysis was performed on the incoming freshman data 
(FA) and the senior data (WA). As mentioned in the previous section, unfore-
seen factors prevented the pre-training creativity course senior participant sample 
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group (CA) from being considered as the unaltered senior engineering student 
condition to compare against the freshman student group (FA). The creativity 
course senior participant sample group (CA) scored significantly higher, by an 
average of seven points, than the creativity workshop senior participants (WA) 
on the TCT-DP (see Figure 1). As such, the conditions of the CA group’s crea-
tivity testing were revisited and it was found that due to testing material delays, 
the students were not given testing until six weeks after the start of their course. 
Though this portion of the course did not contain explicit creativity training, the 
students were informed of the upcoming creativity portion of the course, as well 
as the potential of participating in a creativity study. It is posited that the crea-
tivity course group underwent inadvertent training as a result of their exposure 
to creative expectations, and were given implicit permission to be creative as a 
result of the anticipated course content. As such, the pre-training creativity 
workshop senior group (WA) was used as the comparative senior condition for 
the creativity portion of this study against the freshman group (FA), as this 
group did not have potential exposure to inadvertent creativity training before 
their testing. 

A MANOVA statistical analysis was conducted between the senior participant 
data (WA) and the incoming freshman participant data (FA). There was strong 
evidence that the freshmen students performed better in the sub score of “Eval-
uation of Arguments” (F = 5.084, P-Value = 0.026). The statistical analysis also 
shows a trend that the freshman group (FA) had higher “Inference” scores than 
the senior group (WA) (F = 3.159, P-Value = 0.078). This trend suggests that 
freshman scores (FA) may be higher than those of the creativity workshop se-
niors (WA) before creativity training was provided.  

Comparative analyses were performed to determine which creativity sub score 
characteristics influenced overall test scores the most between the freshman 

 

 
Figure 1. Creativity course senior engineering students (CA) & creativity workshop 
senior engineering students (WA). 
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Table 3. Comparative analyses of TCT-DP sub scores between freshman (FA) and senior 
(WA) participant groups. 

 FA WA  

Sub Score n Mean Std. Dev. n Mean Std. Dev. F P 

Cn 62 5.237 0.612 68 5.261 0.458 0.062 0.804 

Cm 62 5.328 0.676 68 5.177 0.611 1.796 0.183 

Ne 62 5.000 1.425 68 4.353 1.634 5.733 0.018 

Cl 62 5.248 1.012 68 4.299 1.527 17.085 0.000 

Cth 62 4.715 1.733 68 3.677 2.321 8.230 0.005 

Bfd 62 0.387 1.486 68 0.770 1.900 1.613 0.206 

Bfi 62 0.296 1.101 68 0.681 1.707 2.294 0.132 

Pe 62 3.290 2.168 68 2.240 2.060 8.019 0.005 

Hu 62 1.420 1.624 68 1.583 1.974 0.264 0.608 

Uca 62 0.226 0.688 68 0.162 0.507 0.370 0.544 

Ucb 62 0.935 0.807 68 1.093 0.910 1.082 0.300 

Ucc 62 1.382 0.729 68 1.270 1.070 0.482 0.489 

Ucd 62 1.930 0.930 68 1.593 0.969 4.072 0.046 

 
group (FA) and the senior group (WA). There was strong evidence that fresh-
men earned significantly higher scores in Ne, Cl, Cth, Pe and Ucd. Senior engi-
neering students’ scores demonstrated lower levels of divergent thinking (Ne) 
and synthesis thinking (Cl and Cth) skills, as well as some impact on their ability 
to produce novel solutions to problems (Ucd) as compared to the freshman 
group. This is detrimental in terms of overall creativity, and directly impacts the 
seniors’ abilities to produce original solutions to problems. This may be due to 
several factors, including the methodologies used in traditional engineering 
education. Table 3 details the comparative analyses performed. 

5.4. Critical Thinking Testing 

The WGCTA scores of the pre-training creativity course seniors (CA) were 
compared to the incoming freshman (FA) WGCTA scores using a MANOVA 
test. It is postulated that neither senior group was exposed to critical thinking 
training, and therefore the critical thinking performance of the pre-training 
creativity course seniors (CA) and creativity workshop seniors (WA) were con-
sidered to be equivalent. The results did not provide enough evidence to reject 
the hypothesis. There was no statistically significant difference between the two 
samples, suggesting that there was no significant critical thinking change be-
tween incoming freshman students, and seniors nearing completion of their en-
gineering coursework (F = 1.054, P-Value = 0.306).  

In fact, the comparative analyses showed two sub scores where freshman par-
ticipants performed better than senior participants. A statistically significant 
difference was found for the evaluation of arguments (F = 5.084, P-Value = 
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0.026). Table 4 shows the detailed results for the WGCTA sub scores. There is a 
trend (P-Value = 0.072) suggesting freshman engineering students out-performed 
senior engineering students in inference as well. Based on the test descriptions 
provided within the manual, this suggests the freshmen were better able to dis-
criminate “among digress of truth or falsity of inferences drawn from data”, as 
well as distinguish “between arguments that are strong and relevant” (Watson & 
Glaser, 2008). 

The WGCTA manual provides normative data for the groups tested in this 
study. To better understand how the engineering students in the study group 
compared to the general population of students, statistical tests were conducted 
against the related norms. This allowed for the comparison of the “expected” 
average of the various samples (incoming freshman and upper division students 
in four-year colleges, respectively), and the actual data collected for both the en-
gineering freshman and senior participants (Watson & Glaser, 2008). Compar-
ing the sample data to the normative data provided in the WGCTA manual, 
there was a statistically significant difference between both groups and their re-
spective norms. The results of the statistical analyses are detailed in Table 5. 

The incoming freshman engineers scored significantly higher than the average 
student score within in their normative group. This is an understandable differ-
ence, as the norm takes the entire student population into account. Those wish-
ing to be engineers are presumed to have some innate problem-solving capabili-
ties that would allow their average to be above the general population’s average.  

 
Table 4. Comparative analyses of WGCTA sub scores between senior (CA) and freshman 
(FA) participant groups. 

 CA FA  

Sub Score n Mean 
Std. 
Dev. 

n Mean 
Std. 
Dev. 

F Sig. 

Inference 86 8.686 2.503 59 9.441 2.402 3.287 0.072 

Recognition Of Assumptions 86 11.593 3.765 59 11.678 3.345 0.019 0.889 

Deduction 86 11.965 2.659 59 11.627 2.606 0.575 0.450 

Interpretation 86 12.116 2.513 59 12.322 2.403 0.243 0.623 

Evaluation of Arguments 86 11.802 2.524 59 12.695 2.045 5.084 0.026 

 
Table 5. T-test results for freshman (FA) and creativity course senior (CA) WGCTA 
scores against respective norms. 

FA Freshman Norms  

n Mean Std. Dev. n Mean Std. Dev. T-Test T-Value P-Value 

59 57.76 8.33 824 53.8 9.2 0 vs. ≠ 3.5 0.001 

CA Upper Division Norms  

n Mean Std. Dev. n Mean Std. Dev. T-Test T-Value P-Value 

86 56.16 9.78 417 59.2 8.4 0 vs. ≠ −2.69 0.008 
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Figure 2. Study participant WGCTA data vs. WGCTA manual normative data. 

 
The study freshman group’s average is at the 70th percentile (freshman average) 
when compared to the normative average (50th percentile). The senior partici-
pants, on the other hand, scored significantly lower than their corresponding 
normative group (50th percentile, norm average), at slightly above the 35th per-
centile (senior average). Figure 2 shows these comparative analyses graphically. 

6. Discussion 

Creative and critical thinking is essential components of the engineering profes-
sion. With these characteristics in action, engineers push boundaries and devel-
op the improved tools and products that improve our lives. By understanding 
how these vital skills are approached in undergraduate degree programs, we can 
better deduce how graduates will perform in the real world, and course-correct 
should it be necessary. This study sought to understand if senior engineering 
undergraduate students were less creative but had higher critical thinking capa-
bilities than freshmen undergraduate engineering students. To this end, the 
study exposed some expected issues but also other effects that were not so im-
mediately apparent.  

6.1. Senior Student Inadvertent Training 

It was postulated that the two senior groups (CA and WA) were initially as-
sumed to be similar in creative and critical thinking abilities based on their sim-
ilar development level within their academic careers. Considering the scores of 
these two groups should have been within small deviations of each other, the 
differences must have been caused by outside factors. The creativity course se-
niors (CA) were administered the pre-training creativity test six weeks after the 
course began, due to a delay in testing materials. Though no specific creativity 
training was given during this time, the course was taught by the same professor 
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who also taught the later creativity portion. The students were made aware of 
future creativity content, as well as the creativity testing. Some studies suggest 
creative expectation and creative permission can play a large role in creative 
training. This appears to have had a large influence on the pre-training TCT-DP 
scores of the affected senior group (CA).  

Rietzchel et al. (2014) found that when asked to be creative, participants gen-
erated more creative products, though they felt it was not very creative. The ex-
pectation and anticipation of being creative are postulated as the reason for the 
majority of the difference between the scores of the two senior groups, which 
should not otherwise have been significantly different. Other studies also point 
to mere creative expectation and anticipation as a means of creativity improve-
ment in study participants (Kelley, Littman, &Peters, 2001; Scott & Bruce, 1994; 
Tierney & Farmer, 2004; Shalley, 1995; James, Hartman, Stebbins, & Jones, 1977; 
Chima, 2011; Starko, 2014; Twohill, 2012).  

6.2. Creative Thinking in Engineering Undergraduates 

This study provides strong evidence that incoming freshmen were more creative 
than senior engineering students, as measured by the TCT-DP. The results sug-
gest a decline in creativity between the freshman and senior years of engineering 
students. This could be due to several possible scenarios: the engineering curri-
culum had adverse effects, freshman students with creative skills moved away 
from engineering, a change of technologies, educational drift, changing eco-
nomic conditions or some combination thereof. Though there are many poten-
tial reasons for these changes, all scenarios are detrimental to the engineering 
profession. Studies show evidence of a definite lack of creativity training within 
the engineering curriculum, as well as extensive evidence of attrition from engi-
neering majors to other programs (Kazerounian & Foley, 2007; Daempfle, 2003; 
Astin & Astin, 1992; Marra, Rodgers, Shen, & Bogue, 2012; Shuman, Delaney, 
Wolfe, Scalise, & Besterfield-Sacre, 1999). 

Steps must be taken to understand the reasons behind this trend of creative 
decline in engineering students. Longitudinal studies on the set academic as-
sessments used in this study could provide vital information regarding the root 
causes of creativity decline. Determination of these causes could provide oppor-
tunities to redirect the education of young engineers, and increase their ability to 
think more creatively. Additionally, this study provided evidence that even small 
steps in creativity training (i.e. the effect of mere creative expectation on the CA 
senior group’s scores over the WA senior group’s scores in pre-training testing) 
can provide significant improvements in creative ability. 

6.3. Critical Thinking in Engineering Undergraduates 

The study of the critical thinking scores provided no evidence that senior par-
ticipants demonstrated higher critical thinking performance than freshmen. This 
result suggests either there is inadequate support for developing the critical 
thinking skills of engineering undergraduates, or that those who are more capable 
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of critical thinking are lost through attrition.  
The results of the engineering students’ WGCTA scores in comparison to the 

normative data scores of the general population shed light on an even larger 
concern than the study results. Analysis showed the freshmen (µ = 57.76, SD = 
8.33) entered their engineering education significantly above their normative 
group’s average (µ = 53.8, SD = 9.2), up to the 70th percentile of the norm for 
critical thinking abilities. On the other hand, the senior group’s scores (µ = 
56.16, SD = 9.78) were significantly below those of their normative group (µ = 
59.2, SD = 8.4) of the general population of upperclassman students, down to the 
35th percentile of the norm.  

The data suggests that critical thinking was stagnant between the two groups, 
and degraded when compared to normative data. As with the decline in creativ-
ity, this may be due to a host of factors. Though a comparison of seniors and 
freshmen is not a one-to-one comparison of critical thinking, the data trends 
suggest additional work must be done in order to understand how critical 
thinking is evolving in engineering students. 

6.4. Discussion on Critical and Creative Thinking  
in Engineering Undergraduates 

This study provides further support of several findings in the existing literature, 
but also further develops our understanding of creativity and critical thinking 
skill development in engineering students. That creativity is on the decline in 
engineering undergraduates, is apparent. The experiment also further confirmed 
the critical thinking stagnation findings of Douglas (2012) and Ozyurt and 
Ozyurt (2015), but revealed additional insights when comparing this study’s data 
to normative data provided by the WGCTA. Critical thinking skills were signifi-
cantly lower in engineering senior students as compared to students in other 
majors. This finding is significant, as it suggests the problem-solving capabilities 
of engineering students is not improving over the course of their training, or 
that students with skill in critical thinking abandoned engineering during the 
course of their program of study. This significant problem must be addressed 
through the development of critical thinking instruction, coursework develop-
ment, and ultimately a restructured curriculum in order to better meet the needs 
of engineering students. Without these vital skills, engineers are unprepared and 
ultimately at a large disadvantage when faced with the challenges of a constantly- 
evolving world.  

Longitudinal studies must be undertaken to identify and address deficiencies, 
in order improve creative outputs and critical thinking in engineering students. 
Focused courses addressing creativity and critical thinking can provide a stop- 
gap measure to address these issues in the short-term, but more long-term solu-
tions are ultimately necessary. 
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