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Creativity exercises to enhance innovation in undergraduate
engineering design students

Abstract

This evidence-based practice paper describes the use of creativity practice exercises intended to
enhance student creativity in a capstone design program. Engineering programs, in general, and
capstone design programs, in particular, that seek innovative conceptual solutions to complex
problems would benefit from techniques to develop and assess student creativity. Therefore, a
study was performed to evaluate two such techniques. Over the first two years of the study,
capstone design students in the United States Air Force Academy’s Department of Engineering
Mechanics were each assigned to one of 14 teams which received various learning experiences
(treatments) intended to enhance individual creativity and design project innovation. Twelve of
the 14 teams (n = 70) received an innovative engineering design curriculum while the control
teams (n = 23) did not. Six teams (n = 37) experienced seven weekly creativity exercises across
the fall semester, provided by Destination Imagination, while four teams (n = 56) did not. It was
expected that the exercises would improve Creativity Index scores in students across the study as
measured by the Torrance Tests of Creative Thinking (TTCT) Figural Test. The Creativity Index
scores of the students were analyzed using an independent sample t-test to determine if any
differences could be detected. Results after the first two years are positive, indicating that
students that participated in the creativity enhancing treatments showed higher improvements in
Creativity Index scores compared to the controls. However, the statistical significance of these
findings are not strong, presumably due to the small sample size. Therefore, the research will
continue in subsequent years. In addition, evaluation of the design teams’ concepts by
experienced engineering design faculty indicated that the teams that participated in the creativity
exercises exhibited greater innovation in their design process versus the control. Finally, students
reported that the exercises are fun and help them expand their way of thinking to consider
unexpected solutions to a diverse array of challenges.

1. Introduction

The capstone design experience is common in Accreditation Board for Engineering and
Technology (ABET) accredited engineering programs [1]. While there are several models for the
capstone experience, each tailored to the institutional and program goals of a specific program,
most are project-based, and introduce or reinforce the engineering design process and activities
[2] - [4]. In general, the capstone engineering design course emphasizes innovation through team
project-based learning.

The capstone design course in the United States Air Force Academy’s (USAFA) Department of
Engineering Mechanics employs a multi-step design process which has been created specifically
to facilitate maximum innovation: 1) Project definition and background research, 2) Customer
needs analysis, 3) Functional description, 4) Ideation, 5) Concept selection, 6) Analysis and
modeling, 7) Risk assessment and mitigation, 8) Prototyping and 9) Testing [5]. This process has
been developed over many years through deliberate research into novel design methods, and the
results have been published in numerous peer-reviewed publications [6]-[12]. The process
emphasizes the ideation, or concept generation, stage in the design process. The process is ripe
with possibility for infusion of creativity that can lead to the development of innovative products



and systems. Along with the desired novelty, concepts must also be feasible in order to have
promise as fielded products. This combination of desired novelty and required feasibility can be
difficult to attain.

Typically, the design process pairs senior undergraduate mechanical and systems engineering
students with a mentoring faculty member and, occasionally, a graduate student who is an expert
in the area of “innovative design”. The collaborative team works to solve a real-world problem
through the application of various design techniques. In addition, the collaboration can improve
or even identify enhanced design techniques and processes. For example, past research efforts
improved the design method in two areas: 1) the understanding of how to develop and implement
prototyping strategies which are effective and efficient [11] - [15] and 2) new methods to
enhance ideation based on analogies to biological systems [16]. The sponsor organization
research partners take keen interest in the design methodology research; oftentimes adopting
these techniques into their own programs.

These past research efforts have focused on pioneering new engineering design methods that
produce innovative solutions to engineering problems. The work performed here examines if the
capstone design experience and the proposed creativity exercises improve the human subjects’
intrinsic ability to be creative. This has not been rigorously examined within the USAFA
Department of Engineering Mechanics’ capstone design course, though anecdotal faculty
observation and customer feedback suggests that such improvements occur. Enhancing students’
creative ability is desirable for many reason, but in part because of the role creativity plays in
numerous engineering student outcomes. In particular, ABET outcome 2, “an ability to apply
engineering design to produce solutions that meet specified needs...” which is also a student
outcome at the USAFA [1].

The goals of this multi-year experiment are to provide researched-based evidence on:
1) The efficacy of the capstone design experience at increasing individual student creativity.
2) The efficacy of creativity enhancing activities at increasing individual student creativity.
3) The efficacy of creativity enhancing activities at enhancing the innovation of
undergraduate student design projects.
This work reports results after two years of experiments aimed at evaluating these questions. The
capstone design experience used in the study has been developed over two decades and is
heavily tailored toward maximizing innovation. The proposed creativity enhancing activities
were created by Destination Imagination, a non-profit educational organization dedicated to
teaching the creative process [28, 29].

2. Background and Motivation

Creativity is a construct that is commonly used, yet in research related terms, it evades consensus
in definition [17] - [19]. This can undermine consistent findings when examining the efficacy of
creativity enhancement and assessment. Although a single agreed upon definition has not been
established, Plucker, et al.’s survey of research on creativity found that there appears to be some
consensus that creativity has two basic characteristics: originality and usefulness [17]. For this
study, the definition proposed by Plucker, Gehetto, and Dow will be used [18]:



“Creativity is the interaction among aptitude, process, and environment by
which an individual or group produces a perceptible product that is both
novel and useful as defined within a social context.” [18, pg. 90]

This definition encompasses the characteristics of originality and usefulness while
acknowledging the characteristics that are useful to the engineering design process. Of
importance is acknowledging the participation of the individual and the interaction of the group,
as well as the social context in the design process. Since the capstone design course involves a
group of students and advisors that interact to innovate in order to meet the needs of a customer-
defined problem, this definition most appropriately acknowledges the breadth of the engineering
design and education process. It also supports the notion that creativity can be assessed. The
appropriate assessment of creativity requires that the assessment instrument must be consistent
with the construct definition. As discussed below, the primary creativity assessment tool used
here, the Torrance Tests of Creative Thinking (TTCT), may not comprehensively assess
creativity according to this definition.

Plucker, et al.’s definition of creativity [18] is consistent with Guilford’s view of the intellectual
process of divergent thinking which is associated with the problem-solving processes related to
tackling open-ended problems in which there is no unique, predetermined solution [19], [23].
Thompson and Lordan concluded that divergent thinking is significant in the process of working
through open-ended projects if they involve fact finding, problem definition, and idea generation
[23]. These steps are foundational to the capstone design course that is the basis of this study.
The course guides students through the process of exploring and innovating as many ideas as
possible using divergent thinking before applying convergent thinking to down-select from the
wide range of ideas to those that most innovatively meet the customer needs, yet are feasible
within the limitations of time, expertise, equipment availability, and financial support.

2.1 Creativity and research in engineering design and education

Over the years, research on creativity from the social sciences and the development and research
into engineering design and innovation have converged with the examination of creativity in the
engineering design process [20]. Creativity has been recognized as a critical, if not necessary,
component in the success of the future of engineering design and innovation [21] - [26].

As the interest and research in creativity in the engineering design process has proceeded, work
on ways to enhance and study creativity in the engineering design education community has also
expanded [12], [21], [25], [26]. Since creativity has been deemed to be essential to engineering
design success, can it be enhanced in its students? Sternberg [27] and others believe creativity
can be developed and enhanced [18], [19]. Yasin and Yunus’ meta-analysis review found that
creativity enhancing activities such as creative problem solving and brainstorming techniques
were able to produce medium to large effect sizes when applied in college or university settings
[25]. Therefore, the engineering education community should be encouraged to foster the
development of creativity in its students.

2.2 Creative problem solving activities
Yasin and Yunus reported that creative problem solving activities can be helpful in fostering
creativity in undergraduate engineering programs [25]. In an effort to better understand the



impact of this type of activity, it is helpful to use well-tested activities that were developed to
promote creativity in the participants. A well-known source of creative problem-solving
activities is from Destination Imagination (DI) and affiliates, which is a nonprofit educational
organization that is dedicated to teaching the creative process to students around the globe [28].
The open-ended structure of DI allows learners to engage in deep inquiry and research
particularly focused in the areas of STEAM (science, technology, engineering, the arts and
mathematics). The educational experience provided by DI is founded on five primary tenets of
unique pedagogy; no interference, resource awareness, clarifying questions, rapid ideation and
implementation, and authentic self-expression.

Project-Based Learning (PBL) is another essential component of the DI educational experience
and brings into play the following elements of PBL.: It is learner focused, meaningful, contains
real world content as well as deep inquiry and evaluation.

Utilizing the creative process and project based learning, as well as 21st century skills, DI teams
of up to seven students annually collaborate on one of six year-long competitive team challenges.
They also practice, and perform for competition, short Instant Challenges [33-39]. Instant
Challenges (ICs) may be task-based (build a device to accomplish a task) [33, 35, 36, 38, 39],
performance-based (create a story and perform it) [34, 37], or a combination and they typically
last ten minutes or less. The teams have no prior knowledge of the challenge, so they must
quickly understand the problem, ideate, and implement their solution. ICs are scored based on a
defined rubric that is provided to the team, allocating points for accomplishing specific tasks
inherent in the challenge, but also for overall creativity of their intended solution, and overall
teamwork.

The creative process that is utilized by DI teams helps them to effectively approach problems
and take solutions to an innovative level [29]. The divergent thinking process integrates Blooms
Taxonomy [30], the scientific method, 21st century skills, collaborative problem solving, and the
stages of practical inquiry. The creative process: Recognize, Imagine, Initiate & Collaborate,
Assess, and Evaluate & Celebrate, is not linear but rather may loop back on it as new
information presents itself and the team works to develop innovative solutions [29].

2.3 Motivation

The importance of creativity in the engineering design process has become increasingly apparent
along with the need to foster it during the engineering education curriculum. This compels
educators to seek ways to enhance creativity; preferably with techniques that are shown to be
effective through credible research. Therefore, the ability to assess creativity within an
engineering design curriculum is essential to understanding the efficacy of the program and its
elements [25], [26]. More specifically, it is important to ascertain what activities lead to
developing creativity during the educational process.

In an effort to infuse evidence-based creativity enhancing activities within the USAFA capstone
design curriculum, the current two year research project was designed to implement and assess
the efficacy of the activities as an integral part of the course. IC activities have been incorporated
in the USAFA capstone design course previously, but their effects were not directly studied.



Nevertheless, faculty observations and customer feedback suggested that creativity and product
innovation improvements occurred. Thus, sufficient anecdotal evidence existed to motivate
further formal examination of the impact of IC activities on the USAFA engineering design
process and capstone design course.

Since the underlying conceptual process of the capstone design course and the DI activity
experience reflects the divergent thinking processes it is appropriate to use a commonly used
assessment of divergent thinking, the Torrance Tests of Creative Thinking (TTCT) [25], [31].

3. Research Approach

The objective of this quasi-experimental study is to examine how engineering students’ creativity
develops throughout a capstone design course, as measured by TTCT Creative Index scores, and
if additional exposure to IC activities in the capstone design course further enhances creativity.
This data will allow faculty to determine; 1) the effectiveness of the capstone design course at
enhancing individual creativity and 2) the effectiveness of creativity activities at enhancing
individual creativity.

Over two academic years, the TTCT Figural Form A was administered to all students in the
capstone design course on the second class meeting of the course to establish a baseline, before
any content or other pedagogical interventions were employed. The students were divided into
groups, as described below, to establish treatment and control groups. Every week, a designated
portion of students participated in a creativity enhancing activity. The activities were proctored
by a trained administrator to ensure consistent instruction and feedback across all activities. The
TTCT Figural Form B was then re-administered at the end of the semester (approximately 14
weeks after Form A). The TTCT was administered by the same proctor for both administrations.
The TTCT was scored by the Scholastic Testing Service to ensure accuracy and consistency.

3.1 Participants

The participants were undergraduate students enrolled in a senior-level undergraduate capstone
course (n = 93; females = 17; males = 76; mean age = 21.5 years). Participants were divided
into seven capstone project teams each year (14 teams total) by a multi-step process which
included student-expressed interest in available projects, student major, and faculty input. The
capstone project teams were assigned to either the control or treatment conditions prior to start of
the semester. Two treatments are being considered here: 1) the innovative engineering design
content of the capstone design course, and 2) creativity activities [33-39]. Twelve out of 14
teams received treatment one (engineering design content). The other two teams received a
streamlined engineering design curriculum with a reduced emphasis on innovation, due to the
nature of their project — a highly constrained collegiate automotive design/build competition —
that is less-suited to the innovative engineering design treatment. On the other hand, the twelve
treatment groups had very open-ended projects ripe for innovation. Ideally, more teams would be
part of the control, but that would result in providing curricula to the students that are not optimal
for their learning, or for the type of capstone project they are pursuing.

Six out of the 14 teams (n = 37) received treatment 2 (creativity activities), while the remaining
four teams (n = 56) did not. These groupings are summarized in Table 1 below.



Table 1. Summary of distribution of participants in study groups.

Treatment Number of Teams Number of Participants
1 Innovative Engr Design Content 12 70
Control - Standard Engr Design Content 2 23
5 DI IC Creativity Activity Treatment 6 37
Control - No Creativity Activities 8 56

3.2 The Torrance Tests of Creative Thinking

The Torrance Tests of Creative Thinking (TTCT) Figural Test is a test of divergent thinking
using two batteries of assessments: Figural and Verbal [31]. The TTCT has been nationally
normed for grade and age [41]. For this study, only the Figural test will be used because it more-
closely resembles typical engineering design ideation. The age-based normed scores will be
used. The grade-based norms include up to grade 13. Since the participants will be juniors (grade
15) and seniors (grade 16) in college, it was felt using grade 13 normative scores would not be
appropriate. The Figural test is appropriate and has been nationally-normed for ages 5-20.

The Figural test takes approximately 45 minutes to complete which includes preliminary
instructions and distribution/collection of materials. Participants are asked to draw and give a
title to the pictures they create. From a normative scoring procedure (age), scores are computed
for the five major areas of fluency, elaboration, originality, resistance to premature closure, and
abstractness of titles, as well as an overall Creativity Index score. It should be noted that the
TTCT assesses individuals, whereas, the definition of creativity given earlier [18] allows for
group creativity and the capstone design curriculum and creativity activities are all performed
within groups. It is possible that group creativity develops separately from individual creativity,
as teams learn to work better together. Therefore, the data reported here may under-report
enhancement of group creativity. That is to say, the results are likely conservative.

3.3 The Instant Challenge Activities

The creativity exercises used in this study were “Instant Challenges” (ICs) provided by
Destination Imagination. The ICs were deliberately selected to be diverse, thus providing a
variety of creativity practice. The ICs used are summarized in Table 2 below. It is expected that
these exercises will help individuals and teams hone their creativity and imagination by utilizing
quick thinking and rapid implementation of solutions.

Table 2. Summary of Instant Challenges used for creativity practice exercises [33]-[39].

IC Title IC Type Short Description

Balance of Power Task Build a cantilever structure to suspend weights over
specified zones for points.

Bag Nabber Performance  Perform a story backwards about a character who steals
a bag filled with one or more mystery objects.




Two Out of Three Combination  Given 3 unmarked boxes, select 2 and perform the
challenge hidden within. These were; float marbles in
water, build a bridge, or perform a skit.

Colorful Communication  Task Communicate a set of orders to other members of the
team using a grid board and colored cards.

Road Trip Performance  Create and perform a story about a road trip.

Catch It If You Can Task Build a device(s) that launches ping-pong balls and a
structure to catch them.

Ball Balancer Task Balance an assortment of balls (soccer, tennis, etc) on
the top of a 4x4 post using provided materials.

3.4 Data Management

A Last Name Replacement Code (LNRC) consisting of alphabetic characters was used to protect
the identity of the participants. Since the TTCT test booklets use only alphabetic characters as
identifiers, random numbers could not be used. The first step in creating unique LNRCs is to
generate a unique randomly generated 5-digit number for each participant. The actual LNRC is
created by replacing each numeric-digit of the random number with a corresponding letter. Each
participant’s name was associated with a unique LNRC.

Example: Participant Name: Jane Doe Last Name Replacement Code: GHLDB

4. Results

Data collected included TTCT testing, quantity of concepts developed by capstone team and
faculty evaluation of quality and novelty of concepts proposed during the capstone design
process.

4.1. TTCT Testing

The TTCT has been nationally-normed on data from ages five to twenty [41]. The normative
scores will be used in the statistical analysis to determine if there are differences between the
mean scores on the Figural test between the control and treatment group.

An evaluation of the basic assumptions of the t-test found that the samples were from
independent samples, the scores were normalized based on age, and met Levene’s test for
homogeneity of variance [Form A sample: F(19, 28) = 0.5914, p = 0.1185; Form B sample:
F(19, 28) = 0.6004, p = 0.1253].

Due to the restrictions of an academic environment, the participants were not randomly assigned.
Therefore, it is important to establish that the groups were not unintentionally biased before
treatment. An analysis of the Form A (pre-treatment) Creativity Index scores indicates that there
is no statistical difference between the control and treatment groups on their initial assessment of
creativity [p = 0.591].

The comparison of pre- and post-treatment TTCT Creativity Index scores, shown in Table 3,
below, is expected to support the following hypotheses:



Hypothesis 1) Students who receive innovative engineering design content (treatment 1) during
the capstone course will improve their mean Creativity Index scores on the second
administration (Form B) of the TTCT Figural test.

Result: The group that received innovative engineering design content during the capstone
course showed an overall improvement in mean Creativity Index of +0.54, while the control
group actually showed a reduction in mean Creativity Index of -1.2. However, the calculated
statistical significance of these changes in mean score are not strong. The p-value for the
treatment group’s improvement in mean score is 0.866, nearly indicating that the treatment
produced a statistically significant improvement in CI. Similarly, the p-value for the control
group was 0.826, nearly indicating that the treatment produced a statistically significant decrease
in CI. That is to say, there is roughly equal statistical evidence that the treatment group improved
Creativity Index while the control group decreased.

In addition to Creativity Index, the TTCT provides sub-scores in five categories: Fluency,
Originality, Elaboration, Abstractness of Titles, and Resistance to Premature Closure. In the first
year of the study, the treatment group showed a statistically significant increase in Originality
[delta mean = 8.8, p = 0.044], while the control group did not, if anything, it decreased [delta
mean = -7.3, p = 0.464]. Further, “Average Creativity” is the average of the five aforementioned
categories. It differs from Creativity Index which is the average creativity plus bonus points for
13 “Strength Ratings” (Emotional Expressiveness, and Humor, for example). In this case, the
treatment group demonstrated a somewhat significant change in Average Creativity [delta mean
=7.2, p=0.100], while the control did not [delta mean = -1.6, p = 0.776]. These results provide
additional evidence that the innovative engineering design content has a positive impact on
individual student creativity.

Table 3. Summary results showing overall Creativity Index scores of the various student
groups subject to this study (two-tailed, two-sample unequal variance t-tests).

Pre-Treatment  Post-Treatment Delta
Mean (Form A)  Mean (Form B) Mean P-value  Conclusion
Innovative Engr 115.4 116.0 0.54 0.866
Design Content (n=70) .
Contal 1195 1183 19 0.826 Hypothesis #1 supported
(h=23)
Creativity 117.7 119.3 1.6 0.713
Treatment (n=37) .
Hypothesis #2
115.6 114.8 086 | 0811 ypothesis #2 supported
Control
(n = 56)

Hypothesis 2) Students who participate in the seven weekly DI IC creativity activities (treatment
2) will show a greater improvement in their mean Creativity Index scores than the control group
on the second administration (Form B) of the TTCT Figural test.



Result: The group that received the seven weekly Destination Imagination creativity activities
[33-39] showed an overall improvement in mean Creativity Index of +1.6, while the control
group showed a decrease in mean Creativity Index of -0.86. The statistical significance of these
changes in mean score are similar to hypothesis 1. The p-value for the treatment group’s
improvement in mean score is 0.713, nearly indicating that the treatment produced a statistically
significant improvement in CI. Similarly, the p-value for the control group was 0.811, nearly
indicating that the treatment produced a statistically significant decrease in CI. That is to say,
there is roughly equal statistical evidence that the treatment group improved Creativity Index
while the control group decreased.

As suggested above, and confirmed by the T-Test analyses, the study would certainly benefit
from continued study and a larger sample size. The research is limited by capstone course
enrollment, which totaled 93 for the two academic years encompassing the research to date. To
improve the statistical quality of the conclusions, the experiment must be continued in
subsequent years to increase the total sample size. The results reported here are promising and
justify continuing the experiment in subsequent years.

4.2. Quantitative and Qualitative Analysis of Concepts

In the engineering design community, quantity, quality and novelty of concepts are widely
accepted as reliable metrics for evaluating ideation and predicting innovation [43]. Therefore, in
addition to TTCT testing, the capstone design teams in year one were evaluated for the quantity,
quality and novelty of the concepts developed during their ideation phase of the design process.
The goal of this analysis was to collect data to support the following hypothesis:

Hypothesis 3) Design teams composed of students who participate in the seven weekly DI IC
creativity activities (treatment 2) will produce more innovation (greater quantity, quality and
novelty of concepts [43]) throughout their capstone design projects as compared to the control.

Result: For quantity, the three design teams (n = 20) assigned to the treatment group produced an
impressive 628 unigque concepts across the three teams, or an average of 31.4 concepts per
student. The three design teams in the control group (n = 18) produced 463 unique concepts, or
25.7 concepts per student. Clearly, the design teams that participated in the Destination
Imagination creativity activities produced a higher quantity of concepts. Causality cannot be
established because of other relevant variables, such as the personality, experience and
expectation of the distinct faculty advisors mentoring each team.

To evaluate quality and novelty, department faculty were asked to make subjective evaluations
of each team’s top five concepts as presented during their Preliminary Design Review (PDR).
There were difficulties with this survey approach. In particular, each team presented various
numbers of final concepts and it wasn’t clear to faculty which five concepts should be evaluated.
As a result, faculty ratings were not necessarily performed on the same five concepts for a given
team. In addition, not all faculty attended all PDRs, so the “jury” changed from one PDR to the
next. To correct for this, final scores were compiled from only those faculty that attended all or
most of the PDRs. In addition, this evaluation was not entirely blinded. Two of the six faculty
evaluators were study authors and knew team distribution between control and treatment groups.



A rubric was provided to aid in assigning a score of 1 — 4 points for the quality and novelty of
each concept.

The treatment group earned an average quality rating of 2.60 (n = 46) compared to the control
average rating of 2.05 (n = 54). The treatment group earned an average novelty rating of 2.84 (n
= 46) compared to the control average rating of 2.16 (n = 54). The treatment group—those
design teams composed of students that participated in the DI IC creativity activities—were rated
by experienced capstone design faculty as having produced more innovative concepts during
their semester-long engineering design process. This is evidence to support hypothesis 3; once
again, more data collected over several years would be helpful.

Finally, the study occurred over a nine week period, in which seven ICs were administered to the
treatment 2 group. It was encouraging to observe that these design teams improved clearly and
rapidly at completing the creativity challenges. The exercises were administered without prior
coaching, but the faculty administrator would provide feedback at the conclusion of each
activity. Over the seven challenges, the teams improved their inter-personal communication,
teamwork, and ability to rapidly ideate and implement solutions. They also learned to quickly
analyze the scoring rubric and determine the optimal strategy to implement a solution that would
maximize their score, and not be distracted by other features that are not relevant to the score.
Further, the students genuinely enjoyed the exercises, despite the time it took away from
completing their design project, and they believe the exercises expanded their thinking to
consider unexpected solutions. The most satisfying result of this study was observing (typically
introverted) engineering students completely immerse themselves in a performance skit,
complete with sound effects and wild gesticulations, without shame — fully focused on beating
their competition.

5. Limitations

This paper provides the initial results of a multi year study. At this time, the most prominent
limitation is the small sample size. The current sample size yields measurable differences in the
mean Creativity Scores as a result of participation in the activities, but the statistical significance
IS not strong.

Since many of the project groups have different faculty advisors, there is a possibility that the
influence of the advisors on the engineering design experience and possibly the change in
creativity as a function of participation in the course may be different because of the diverse
backgrounds of the advisors. Since advising faculty and staff change from year to year, it may
dampen detectable differences across the life of the study.

The selection and use of the seven activities was constrained by the time available within the fall
semester. The USAFA Mechanical Engineering curriculum is designed for a full academic year,
and the student teams continue to learn and develop from repeated practice within a year and
from year-to-year. It could be that more prolonged exposure to the activities may provide a
stronger effect due to increased soak time.

The study was not entirely blinded. It was apparent to the students that received treatment 2 that
they were performing exercises intended to increase their creativity. One might suspect that this



knowledge could bias them in a way that affects their performance on the assessments. It is
difficult to quantify level of effort, but, if anything, the opposite effect occurred. The students
enjoyed doing the creativity exercises, but complained that they usurped project time. The
treatment teams were asked to spend 20-30 minutes of valuable class time each week to perform
the exercises, while the control groups were free to work on their projects. If anything, the
control group had additional time to perform concept ideation than the treatment group.

For treatment 1 (innovative engineering design content), as stated above in Section 3, the content
delivered to each team was chosen such that each team would have the optimal curriculum for
their given project. This division of content would have occurred with or without the study, so
the students should not have felt that they were, in any way, short-changed.

Individual student effort applied to the pre- and post-treatment TTCT is also a concern. In any
standardized testing we must rely on the students’ integrity to provide their best effort, whether
they are part of a treatment or not. In a review of the reliability of the TTCT, Kim points out:

“According to the TTCT manuals of 1966 and 1974, the test—retest reliability coefficients
have ranged from .50 to .93, which is not so high. Torrance (1974) indicated that
motivational conditions affect the measurement of creative functioning, which could
explain the low test—retest reliability.” [42, pg. 6]

Though these findings are dated, it is possible that administering two TTCTs in a 14 week period
could have a significant dampening effect on the re-test scores. Additionally, it is likely that
motivation had a negative impact on this study. Certain students reduced their Creativity Index
scores over the study period by 52, 35, 28 and 26 points. Did these students not provide their best
effort during the re-test? Other evidence suggests this is likely: in year two of the study,
anonymous student course feedback specifically expressed dissatisfaction about being asked to
take the final TTCT exam (Form B) on the last day of classes. In subsequent years, the
administration of the test will occur at a less-stressful time and may include compensation (such
as complimentary lunch) to improve student attitudes. Perhaps administering the test at the end
of the year (with 36 weeks or more of separation), rather than the end of the semester would be
more reliable, and would provide more statistically significant changes in Creativity Index.

6. Conclusions

Students in an undergraduate senior capstone design course were administered the TTCT to
establish their incoming Creativity Index. They were assigned to 5-8 person design teams which
were grouped into treatment and control groups to receive some combination of two treatments
intended to enhance their individual creativity and innovation of their capstone design project.
The treatments were innovative engineering design process content and seven weekly
Destination Imagination “Instant Challenge” creativity activities [33-39]. At the conclusion of
these treatments, the students were re-tested for Creativity Index (Cl).

The comparison between pre- and post-treatments TTCTs indicated that both treatments had a
positive effect on individual creativity. The Treatment 1 group showed a mean increase in Cl of
0.54 while the control showed a decrease of -1.2 and this result was highlighted in year one by a
statistically significant increase in Originality [delta mean = 8.8, p = 0.044] and Average



Creativity [delta mean = 7.2, p = 0.100]. In summary, Treatment 1, the innovative engineering
design process curriculum, improved individual creativity as measured by a widely-accepted
standardized creativity test.

The Treatment 2 group showed a mean increase in Cl of 1.6, compared to the control which had
an decrease of -0.86. Further, the relative innovation of the design teams’ concepts were
evaluated by quantity, quality and novelty. The teams that participated in the seven weekly
creativity activities demonstrated a clear advantage in all three categories. In summary,
Treatment 2, the weekly creativity exercises, improved individual creativity as measured by a
widely-accepted standardized creativity test and improved the relative innovation of the design
teams’ concepts.

This work reports on the findings of a two-year study and the results obtained thus far are very
encouraging; trending in the right direction. The primary flaw is the low sample size which limits
the statistical significance of the changes in student performance over the study period.
Therefore, the study should be continued to obtain more data over larger sample sizes, thus
improving the reliability of the data and validity of the creativity enhancing methods.
Nevertheless, there is sufficient evidence presented here to justify using Destination Imagination
IC creativity enhancing activities as learning experiences to enhance individual creativity and
design project innovation in undergraduate capstone design students.
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