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Motivation and performance play an integral role in the success of engineering students at the collegiate level. Professors
face challenges between the diversity of the students and diversity in engineering disciplines, creating the need to reform
education in the field of engineering. The purpose of the study is to identify motivational changes and implement an
intervention plan incorporating strategies, discussions, and approaches to adapt the educational system to work for an
assortment of student populations. The study uses an adapted version of the Motivational Student Learning Questionnaire
(MSLQ), to measure the motivation of two different cohorts of students throughout capstone design courses in
comparison to their respective performance. The five motivation factors studied were: cognitive value, self-regulation,
presentation anxiety, intrinsic value, and self-efficacy. Statistical Analysis was performed between the motivation factors
and demographic populations of the students (male vs. female, domestic vs. international), as well as within populations.
The first cohort of students were the control cohort, experiencing the typical senior design capstone requirements. The
second cohort of students experienced the implementation of an intervention plan to better prepare them for the senior
design capstone sequence. The intervention plan entailed changes made to Design Methodologies, a precursor course to
capstone completed during the junior year. This research will evaluate whether these changes affected the students’ initial
motivational levels among different demographics. It is important to note that the changes made to Design Methodologies
were not related to the content of the course; rather the changes were intended to better familiarize the students with their
upcoming tasks and goals for senior design capstone.

The findings of the two-year longitudinal study comparing motivational factors and performance of the two mechanical
engineering senior design capstone course cohorts are presented: the control cohort using the standard teaching methods
for Senior Design Capstone at the university and the test cohort undergoing the intervention plan in the curriculum. The
results show that the intervention plan made a positive impact on the student factors, especially for the international
student population. More importantly, the intervention plan focused on promoting positive reinforcement regarding
motivational factors rather than negative reinforcement.
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1. Introduction: student motivation in
senior design capstone

Often a final requirement before graduation, senior
design capstone is recognized as a defining moment
in an undergraduate engineering degree. Com-
monly shortened to “capstone”, the design course
integrates practical application of the theoretical
knowledge acquired throughout their undergradu-
ate education. Capstone design features a team
project format, allowing students to experience
professional engineering design problems. This
experience allows students to develop their under-
standing and prepare for the next step in their
career, whether it be continuing education or
exploring industry. This study investigates the
impact of the implementation of an intervention
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plan on the correlation of student motivation with
performance in senior design capstone. As a critical
curriculum component, it is important to identify
the reasons behind student performance in senior
design capstone. This study will evaluate and ana-
lyze student motivation throughout senior design
capstone within the Mechanical and Aerospace
Engineering Department at Florida Institute of
Technology. The diverse population at this univer-
sity affords a unique opportunity to compare stu-
dent motivation in each of the cohorts, in terms of
the domestic and international (who comprise 40%
of the college of engineering at the university)
students. The goal of the study was to identify
whether the implementation of an intervention
plan, designed to better prepare the students for
senior design capstone during their junior year of
undergraduate education, had a positive impact on
the student’s motivation and performance through-
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out the course of senior design capstone. A subse-
quent goal of this study was to identify if motiva-
tional differences exist between students’
demographics (international versus domestic and
males versus females) within the sequence of senior
design capstone and how these motivational differ-
ences affect student performance. Performance
metrics for this study include team grades and
individual grades.

Data collection follows two separate years
through the senior design capstone course. The
first cohort group is the control group, with only
observations being conducted. The second cohort,
the test group, was affected by an intervention plan
and observed throughout the senior design capstone
duration. The intervention plan was designed to
address the motivational deficiencies observed in
the control cohort. Performance metrics (team
grades and individual grades) were utilized to deter-
mine if the intervention plan yielded a positive
change in any of the measured motivational factors.
The authors created an adaptation of the Motivated
Student Learning Questionnaire (MSLQ), inspired
by Pintrich’s study on middle scholars, to measure
motivational elements of senior design capstone
students. The MSLQ instrument, widely used
within the education community, will be explained
in detail in a subsequent section.

1.1 Introduction: intervention plan

With the hypothesis that motivation will impact the
performance of students in senior design, the
authors set out to develop an intervention plan
that would address the five factors considered for
motivation (self-efficacy, self-regulation, cognitive
value, test anxiety and intrinsic value). The inter-
vention plan was implemented both before the start
of senior design, in a precursory Design Methodol-
ogies course, and throughout the senior design two
semester course [1]. The control cohort of students
did not experience an intervention plan; the courses
were conducted as they previously had been at the
university.

Extrinsic motivational elements were incorpo-
rated during the course to help students improve
their intrinsic value. This is supported by prior
studies which show an effective ways to impact
intrinsic motivation is through external stimuli [2].
Extrinsic motivation was implemented through
multiple modes including verbal, numerical, and
physical. For example, a verbal external motivation
could be positive feedback from a professor and a
physical motivation could be winning a gift card for
best presentation [3]. The frequency of professor (or
graduate student assistant) feedback to students on
their progress was increased and incorporated
throughout the course. Further, awards were

given to students based on their presentation and
documentation quality at the end of the year. This
added additional motivation for students to per-
form well on those specific categories. Contrary to
the previous method of providing feedback during
the end of the semester, spreading feedback
throughout the semester provided students the
opportunity to gain motivational spikes throughout
the courses.

Anxiety was experienced by the students in the
form of presentations, as the course did not include
homework or examinations. Presentations were
performed weekly to faculty and graduate student
advisers and were the basis for grading throughout
the semester. In this study, presentation anxiety is
the anxiety felt when speaking in front of an
audience. Since those presentations were given to
an audience of individuals who assign their grades,
the anxiety was high among students, particularly
international students. To address this concern,
students were afforded the opportunity to meet
with their graduate student assistant to practice
and discuss their presentations. The session with
the graduate assistant allows for an open environ-
ment, where the students were under less pressure
and felt more comfortable asking questions [1].

The ability to organize oneself for success without
external intervention or distraction is known as self-
regulation [4, 5]. While some students require the
assistance of planners or checklists to orchestrate
tasks, others are able to do it mentally. In order to
improve the self-regulation metrics of various stu-
dents, the course required teams to submit weekly
executive summaries to their advisory boards [1].
The executive summaries outlined the tasks that
were accomplished for the week, the planned tasks
for the following week, as well as an analysis of the
project and budget health.

Similar to self-regulation, cognition is the mental
action of acquiring and processing thoughts or
requirements [5]. Due to their similarities, the inter-
vention plan addressed cognition in a way that was
comparable to self-regulation. Students used the
knowledge obtained in Design Methodologies to
recognize and document the requirements for their
project to determine feasible goals and deliverables
for the year. The student teams were required to
submit an updated weekly requirements list to their
advisory boards to outline the progress toward their
project goals or objectives. It is important to note
that cognition and self-regulation are independent
factors, despite their similarities [1].

Self-efficacy is the ability to realize the compe-
tency required to complete a goal [1]. This differs
from intrinsic motivation, as self-efficacy is the
confidence necessary to complete a goal; intrinsic
motivation entails the motivation necessary to com-
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plete a goal [6]. The students obtain the necessary
knowledge to succeed in senior design capstone
through Design Methodologies, the precursory
class. However, the students must possess the ability
to apply to this knowledge in order to succeed.
Through the intervention plan, the school’s Career
Management Services office introduced external
industry guest speakers in order to provide external
validation to the students. The speakers outlined the
hiring process, success skills, and real world engi-
neering challenges [1].

A detailed explanation of the intervention plan for
Design Methodologies is provided in Section 3.3.

1.2 Motivation

A common feedback from employers regarding new
engineering graduates is the inability to communi-
cate and function within a team setting [7]. Courses
such as senior design capstone aim to bridge this gap
through project based learning. The goal is to
minimize the learning curve as students matriculate
from technical courses to team project oriented
tasks [8]. While some students thrive in senior
design capstone courses, others struggle to ade-
quately contribute within the course and their
team. It is important to identify the cause for this
disparity, which could be the result of motivational
differences within the student population.

Academic success requires a combination of
intellectual ability and motivation [9, 10]. Unlike
abilities which can be assessed, motivation is a
dynamic, complex phenomenon that needs to be
evaluated qualitatively [9]. There are different man-
ners in which motivation is experienced, making it
necessary to study the relationship between student
motivation and academic performance. Motivation
is a contextual and domain specific trait [9]. There-
fore, learning environment affects student motiva-
tion. Academic success is greatly influenced by the
student’s personal views on learning and motiva-
tion. It is the purpose of this research to determine if
and how motivation may impact performance in
senior design capstone courses, as its importance is
recognized by industry.

2. Background: senior design capstone and
student motivation

The expectations of a practicing engineer in industry
are incomparable to the education of students in the
classroom. Engineers work in an unpredictable
environment solving dynamic problems, whereas
students are taught in an answer-in—the-back-of-
the-book manner [11, 12]. Additionally, students
learn in a compartmentalized manner, where
courses are completed in sequence over semesters
and each semester emphasizes a specific fundamen-

tal principle. In industry, graduates may utilize
several diverse fundamental principles of engineer-
ing in one setting (e.g., dynamics and heat transfer).
Moreover, engineering requires the final design
meet technical requirements, satisfy customer
needs, and solve societal issues [13]. Senior design
capstone is able to duplicate this experience, as its
core purpose is to integrate all the student’s courses
into one culminating design project.

2.1 Senior design capstone

Senior design capstone is commonly a final require-
ment for graduation in most universities’ engineer-
ing curricula. The capstone projects come from a
variety of sources and may be university-based
projects or industry-based. Both project types
allow for students to solve a problem or eliminate
an existing design deficiency.

The length of senior design capstone may vary
from institution to institution. Typically occurring
within the final year, capstone may bridge one, two,
or three semesters; some universities’ capstone
courses are a combination of quarters. In most
institutes, capstone is modeled to simulate real
world environments, either research or industry
[14-16]. The projects are normally team oriented
to increase the number of positive educational out-
comes[17, 18]. The size of each team is dependent on
the project type and scope [14, 16, 19-21].

Project types and sources vary depending on the
institution. Some project sources include design
challenges from industry, the engineering depart-
ment, or engineering society design competitions.
Industry sponsored projects may be companies
seeking new or more affordable solutions. These
projects tend to be more popular as students feel
they can make lasting impressions on the sponsor-
ing company [1, 14, 16, 22-24]. Engineering society
design challenges include the Society of Automotive
Engineering’s (SAE) Formula competition, Baja
competition or Human Powered Vehicle competi-
tion [14, 16, 22, 25].

At semester’s end, students present various deli-
verables as part of the project completion. Deliver-
ables usually consist of a working prototype and
supporting documentation. Performance within a
senior design capstone course is determined through
a combination of instructor and peer evaluations,
and the team’s ability to meet the requirements
initially set for their respective project [14, 16, 19,
21, 26].

The central objective of senior design capstone is
to provide a thorough study of the mechanical
design process to prepare students for their profes-
sional careers. At course completion, students will
be equipped to address any design problem related
to mechanical engineering. Though the focus of this
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course is the mechanical design process, students
also gain exposure to content including, but not
limited to system modelling, geometric dimension-
ing and tolerancing, documentation, verbal presen-
tation, contemporary and societal issues, and
engineering ethics.

2.2 Gaps in student motivation research

Though the importance of senior design capstone is
well known due to its recognition as a defining
milestone in an engineering degree, many research
questions exist regarding its education efficacy to
the students. The first gap is that engineering educa-
tion heavily groups engineering students into a
certain learning styles and motivational levels [27-
29]. However, engineers possess different ambitions,
and may be motivated by different things [16, 27,
30]. Inadequate scientific research has been con-
ducted on the motivation levels of engineering
students with regards to the factors that affect
their motivation. Many studies link all students as
similar learning styles, as if they are all one type of
engineer [31]. In the Academic Pathways Study,
individual motivation is not the same between two
student engineers [17] including within different sub
sections of engineering. Positive motivation keeps
the student involved and on a successful path to
completion. This motivation may change between
the beginning and end of the engineer’s academic
tenure, and is one of the outcomes this study hopes
to demonstrate.

Motivation has been identified as a key factor in
the success and retention of university students [32].
A major concern with motivation is that it is not a
binary phenomenon. It is not probable to classify a
student as motivated or unmotivated [10]. To define
success, one cannot just make a student motivated,
but has to improve the motivation for a point of
time. To study this, a researcher would need to study
a group of students in a common year or class (e.g.,
senior, freshman or junior). At most schools, engi-
neering students do not complete their curriculum
requirements in the same trajectory. Students may
fail courses, leave for a semester, complete an
internship or coop, or have a medical withdrawal.
Thus, it is difficult to collect data from the same set
of cohorts every year throughout the students’
engineering education tenure. The first step in
enhancing the motivation of students to identify
students’ changes in motivation throughout the
course of the curriculum. Ideally, motivation
should remain the same or increase to bring the
student to a successful completion. A decrease in
students’ motivation may demonstrate an area
needing to be addressed to retain students. This
means that a time-lapse study of motivation is
limited to approximately three timestamps: second

semester juniors enrolled in design methodologies,
first semester seniors beginning their respective
senior capstone design, and second semester seniors
at the completion of their senior capstone design.
The research covered in this paper investigates the
motivation within senior capstone design. How-
ever, future works discussed in this research detail
the need for a longer, longitudinal study among the
same cohort group; this spans from the students’
first year through their final year. Positive motiva-
tion keeps the student involved and on a successful
trajectory toward completion. Studies have shown
that students need motivation to do well in school,
as well as the basic knowledge to accompany that
[10, 33]. Lack of motivation results in delays and
switching majors, or leaving school entirely. Pre-
vious research shows that there are multiple ways to
motivate the general student, but not as to an
understanding of the individual factors that moti-
vate those students. Popular factors that affect
motivation have shown to be self-efficacy, attribu-
tions, intrinsic value and the goals of the student
[33]. This motivation may change between the
beginning and end of the engineer’s academic curri-
culum, and this research aims at capturing the
student’s motivation during their last educational
year, as the completion of the degree approaches.
The goal of this study was to observe the motiva-
tion of the students and eventually target specific
factors to find use of motivation as an enabler for
success [28]. Five factors were pulled from Pintrich’s
version of the Motivated for Learning Strategies
Questionnaire (MSLQ) [15]. Pintrich’s factors are:

1. Test anxiety: The nervousness of pressure per-
ceived when taking an exam.

2. Intrinsic motivation: internal self confidence.

Self-efficacy: The belief that one can achieve a

goal.

4. Self-regulation: The ability to structure oneself
to complete a goal.

5. Cognitive value: The ability to recognize the
tasks required to complete a goal [5].

hed

3. Methodology

A case study was administered over the span of two
senior design classes to observe the motivation
differences between two cohort groups. For this
study, motivation was studied over two subsequent
years to observe differences between the control
cohort of students and the test cohort of students;
the test cohort was exposed to an initial intervention
plan to increase student motivation. All students
from both cohorts were enrolled in mechanical
engineering senior design capstone during the
observational period [1, 16]. Both years were
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taught by the same professor. Both cohorts of
students were assumed to have the same incoming
abilities, as they have been exposed to the same
coursework prior to senior design capstone.

3.1 Cohorts sample

Two senior design capstone cohort classes (Year 1,
Year 2) were compared and analyzed. The Year 1
students enrolled in senior design capstone were the
control cohort whereas the subsequent year enrol-
lees to whom the changes were administered are
denoted as the test cohort. All participating students
were undergraduate mechanical engineering majors
within a year of graduation. The population was
diverse; the student’s demographics range domes-
tically and internationally. Each year constitutes an
independent cohort since there was no overlap of
participants. The demographics of the study are
detailed in Tables 1 and 2 [1, 16].

As shown in Table 1 and 2, the two cohorts’
sample sizes are similar to allow for the comparison
between the domestic and international students.
Moreover, comparisons were also made between
genders within and between both cohort groups.

3.2 Performance metrics

Performance metrics are measures of the student’s
success in the class. In senior design capstone,
grades are determined through presentations,
reports, and final products. As a two semester
course, the first semester grading is determined
through a combination of weekly presentations,
weekly executive summaries, and a final presenta-
tion and report. The second semester is similarly
graded, with an emphasis on the final product and
associated deliverables. The final product must meet
the requirements that each team and client set forth
in the beginning of the year. The professor and
advisory committee select a team grade based on
the team’s success in delivering a satisfactory design
solution. Each individual’s grade is then determined
through a combination of the team grade and peer
evaluations completed by the student’s teammates.
The peer evaluations are administered at the con-
clusion of each semester. It is important to note that
in this study, both the overall team grade and

Table 1. Control Cohort Demographics

Domestic International
Females 4 5
Males 24 19
Table 2. Test Cohort Demographics
Domestic International
Females 5 1
Males 38 36

individual grade (which incorporates peer evalua-
tion) were considered during analysis.

3.3 Intervention plan implementation

The senior design sequence at Florida Institute of
Technology includes three courses: Design Meth-
odologies, Mechanical Engineering Design 1 and
Mechanical Engineering Design 2. Design Meth-
odologies takes place during the spring semester of
junior year. This course serves to introduce students
to the design process and provide necessary compe-
tencies to excel in their senior design capstone
projects. Mechanical Engineering Design 1 and 2
take place in the student’s senior fall and senior
spring semesters, respectively. The fall semester
course focuses heavily on defining the requirements
of the project, ideation, CAD, and analysis of the
design; this culminates to the Preliminary Design
Review, in which the team compiles a report and a
presentation for their advisory boards. The spring
semester focuses on generation of a final design,
prototyping, testing, and manufacturing of the final
product; this culminates in the Critical Design
Review, with a full report on the project and final
presentation.

The intervention plan implemented makes
changes to all three courses of the senior design
sequence. While the curriculum remained the same,
Design Methodologies was reworked to focus on
the generation of requirements and the requirement
fundamentals. Starting in March, the juniors were
required to attend one senior capstone design pre-
sentation per week for six weeks, for a total of six
presentations. The goal was to expose the students
to the atmosphere of the senior design presenta-
tions, preparing them for following year of senior
design. The students were also encouraged to speak
with the seniors about their projects and any advice
that they may have to offer. In April, the junior
students were given a Senior Design Capstone
Manual. This manual was a new addition to the
curriculum with the intent of providing the students
with any necessary information for their forthcom-
ing projects. Content in the manual included an
overview about the course and grading, a review of
the design process, information about academic
honesty, budgeting and documentation, and a com-
prehensive list of campus resources that may be
helpful for the students throughout the course of
senior design.

Senior design capstone kicked off with a lecture
outlining requirements for a successful project. The
goal of this was to reiterate the importance of
requirements, teamwork and documentation,
while motivating the students to perform to their
abilities in the course. Each of the teams was also
assigned their own graduate teaching assistant. The
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graduate teaching assistant served to act as a mentor
to the student teams without being intimidating to
the students like a professor may be. The teams meet
with their respective graduate teaching assistant
once a week to provide a project update, or more
depending on project health and necessity. The
students were also required to submit two deliver-
ables per week: a weekly executive summary out-
lining project health and progress and a weekly
presentation which is presented to the team’s advi-
sory board. These deliverables serve to help the
team follow a timely trajectory to project comple-
tion while improving the students’ presentation
skills through repeatability. The presentation time-
slots also allow for the professor to reiterate pre-
vious skills learned to application, offering feedback
and extrinsic motivation. Furthermore, the class
formed a partnership with the school’s Career
Management Services. Career Management Ser-
vices assists students in finding work after gradua-

tion by showcasing career opportunities and
helping students with professional communication
and resume writing. The Career Management Ser-
vice Office was able to reiterate the importance of
the skills that the students were learning throughout
the course of senior capstone design and help the
students improve upon them. Career Management
Services also set up a lecture series with monthly
industry speakers. This allowed for the students to
learn more about engineering in the “real world”
and how the skills that they were learning would
translate to their career. As before, the students
were required to complete a Preliminary Design
Review and a Critical Design Review in December
and April, respectively. The end of senior design
marked the end of the students’ undergraduate
educations.

Table 3 outlines the activities implemented
through the intervention plan, including which of
the three semesters (Design Methodologies, seme-

Table 3. Detailed List of Intervention Plan Activities, Occurrence, and Frequency

capstone design students. After six presentations, the
students compose a report on their experiences as well
as the pros and cons of each presentation they attended

(semester 1)

Intervention Motivation
Plan Explanation Occurrence Frequency Factor Targeted
Weekly Presentations are given to the advisory boards. They | Senior design Presentation
presentations are approximately twenty minutes in length with capstone Weekly anxiety
improvement feedback from advisory board (semester 2&3)
Practice sessions with | Presenting in a less formal setting allows for confidence | Senior design Weekly (prior | Presentation
graduate teaching to be built, and corrections to be fixed without the capstone to weekly anxiety &
assistant worry of impact on grade (semester 2&3) | presentation) | Intrinsic
Motivation
Weekly executive Formal written summaries presented twenty-four Senior design
summaries to hours in advance of presentation. The summary talks | capstone Weekly Self-regulation
advisory board about accomplishment, issues and future work (semester 2&3)
Observation Students are required to sit through at least six of Design
weekly advisory presentations from the senior Methodologies | Six occasions

(semester 2&3)

Learn requirement The students experience multiple case studies on Design
fundamentals finding and defining requirements Methodologies | Weekly
(semester 1) ..
Cognition
The senior design capstone manual is composed by the | Design
Receive a senior professor to serve as a how-to guide to success in senior | Methodologies | Once
design capstone design capstone. The document includes grading (semester 1)
manual scenarios, required forms and deliverables for each
semester
In partnership with their advisory boards, the students | Senior design
Requirements of agree on requirements of the project and sign a contract | capstone Once
success of success that the teammates agree on (semester 2&3)
The professor selects multiple skills from precious Senior design
Professor re-iterates | classes (e.g., Computer aided drafting, graphical capstone Continuous
skills used in previous | analysis, heat transfer) and applies it to real world (semester 2&3)
classes apply to examples to remind the students of their abilities
senior design
capstone
Partnership with the | Anexternalsource to reinforce the students do have the | Senior design Self-efficacy
school’s Career proper skills capstone Continuous
Management (semester 2&3)
Services
Industry speakers Industry speakers regarding the workplace experience | Senior design
transition from college capstone Monthly
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ster 1; or senior design capstone, semesters 2 & 3) the
intervention plan takes place during, the frequency
of the activity, and the motivation factor that the
activity is intended to target. Tables 4 and 5 show
the timeline for the three semester sequence before
and after the intervention plan was implemented.

4. Research method and instruments

Qualitative and quantitative data was obtained at
the beginning of the fall and at the end of the spring
semester. For quantitative results, an adaptation of
the common MSLQ was disseminated [34]. End of
the semester interviews were conducted with the
teams to gain qualitative data to support the
study. The qualitative data collected here is used
to provide reinforcement to any quantitative data
findings. While qualitative data will be presented,
the scope of this paper focuses on the quantitative
data results.

4.1 Quantitative MSLQ

The Motivated Student Learning Questionnaire
(MSLQ) quantitatively measures ambition and
learning, the two areas of motivation [5]. Ambition
is measured with the study of test anxiety, self-
efficacy and intrinsic value. Learning is observed
with cognitive value and self-regulation [2]. The
factors all interconnect with one another forming
motivation. One major adaption made was convert-
ing test anxiety to presentation anxiety. This study
included 43 various questions on senior design
capstone activities, including presentations, organi-
zation, and education. Sentences within the survey
may seem similar; this was done to avoid one
question causing an outlier in the results by theore-
tically testing the same characteristic negatively.
The results were then input into data files to run in
statistical software. Both cohorts of participants
took the survey within the first and last month of
the course in their respective years.

4.2 Qualitative interview

To reinforce the findings of the quantitative study,
students participated in a practice exit interview
after their final presentations to the class. Con-
ducted after the team’s design review presentation,
the team discussion contained a standard list of
questions asked to each cohort. Some examples of
questions include “Do you believe this class will
enhance your engineering capabilities?”” and “Was
this class difficult?”” Questions were developed from
sources including the MSLQ, exit interview experi-
ence, and partnership with career management
services. The interviews were recorded and tran-
scribed to allow for coding of results. While collect-
ing data, the interviewees were provided open-

ended questions and asked to elaborate on their
thoughts. While a full coding scheme is not pre-
sented in this paper, it was used to corroborate the
results of the quantitative analysis.

4.3 Analysis performed

Comparisons between cohorts and the samples
within the cohorts were performed. Comparisons
included demographics versus motivation, motiva-
tion between years, and motivation versus perfor-
mance. Further, regression analyses, often used in
educational research [35], were performed to reveal
relationships between motivation and demographic
variables.

It is important to note assumptions and possible
bias of the analysis. The primary assumption is that
the sample size was an ample population of mechan-
ical engineering students and therefore could be
considered a statistical representation of seniors in
a senior design capstone course [1]. Bias may result
from a lack of honesty in the student participants; a
participant may have supplied desired answers to
follow a group consensus or because they were
worried about consequences of negative answers.

5. Results

The study presents multiple t-tests and regression
analyses to compare the two cohorts and the demo-
graphic groups. The two major divisions within the
cohorts were between the international and the
domestic students and the male and female student
populations. The performance metrics utilized here
are team and individual grades. In the tables pre-
sented in the results section, highlighted rows indi-
cate the analysis was found to be statistically
significant within an o = 0.10.

5.1 Control cohort results

The control cohort was the control group for the
study. The students participated in senior design
capstone from Fall to Spring of the academic years.
Table 6 details the differences in motivational
factors between the Fall and Spring semester.

The results illustrate the statistical significance
identified within all the factors, indicating the
course had a significant effect on their motivational

Table 6. Control Cohort Semester Changes

Factor Fall Spring p-value
X+to X+to

Anxiety 344 +0.33 |2.81 £045 0.019

Self-Efficacy 571 £0.26 |6.04 +£0.42 0.002

Self-Regulation 430 £0.22 |4.78 £0.30 |<0.001

Cognitive Value 4.77+£0.52 [5.51 £0.61 |<0.001

Intrinsic Value 5.85+£0.58 |6.13£0.33 0.017
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Table 7. Test Cohort Semester Changes

Table 8. First Semester Comparisons between Cohorts

Factor Fall Spring p-value Factor Control Cohort | Test Cohort p-value
X*to Xxto Xto X*to

Anxiety 3.81 £1.52 |3.18+£1.30 |<0.008 Anxiety 344 +1.53 381 +1.52 | 0.182

Self-Efficacy 489 £0.55 [5.99£0.90 |[<0.001 Self-Efficacy 5.71 £ 0.65 4.89 + 0.55 | <0.001

Self-Regulation 5.79+£0.50 |5.12+0.48 |<0.001 Self-Regulation 4.30 £+ 0.47 5.79 £ 0.57 | <0.001

Cognitive Value 511£0.61 |6.14+0.74 |<0.001 Cognitive Value 4.77 £0.72 5.11£0.60 | 0.008

Intrinsic Value 6.17+£0.51 [6.15£0.51 0.901 Intrinsic Value 5.85+0.77 6.17£0.51 | 0.012

factors. All factors, with the exception of presenta-
tion anxiety, increased. All five factors revealed a
positive significant change in the Likert score
values; anxiety decreased, self-efficacy, self-regula-
tion, cognitive and intrinsic value increased.

5.2 Test cohort results

The test cohort contains the students that enrolled
in senior design capstone during Year 2. These
students were exposed to the Design Methodologies
intervention plan. Table 7 details all the factors had
a significant statistical change, except for intrinsic
value, which did not change.

Anxiety factor decreased approximately one
Likert scale point. Similarly, cognitive value
increased approximately a whole point. Self-efficacy
and self-regulation increased only slightly, but still
resulted in p-values below 0.001. The results illus-
trate the changes among the factors. All the factors
besides self-regulation and self-intrinsic value were
positively affected. Intrinsic value remained at the
same, with a relatively high value of 6.16 on the
scale.

5.3 Comparison of cohorts

Examining the factors between the two years led to
interesting comparisons in the senior design cap-
stone classes. The visualization of the differences
aided in the qualification of the intervention plan.
Further, there were marked differences observed as
a result of the intervention plan. Whereas there are
positive deltas experienced through enrollment in
the course alone, participation in the intervention
plan yielded higher differences within the semester.

5.3.1 First semester

The changes between the two cohorts Likert values
are detailed in Table 8 where rows that are high-
lighted in Table 8 represent statistically significant
data.

The motivational factors changed significantly
between the beginning and end of their senior
design capstone experience for all of the partici-
pants. Self-efficacy and cognitive value showed a
statistically significant decrease, while self-regula-
tion and intrinsic value increased. The only factor

Table 9. Second Semester Comparisons between Cohorts

Control Cohort | Test Cohort

Factor p-value
X+to X+to

Anxiety 2.81 +£0.58 3.05+1.10 | 0.39

Self-Efficacy 6.04 £ 0.51 599 +090 | 0.784

Self-Regulation 4.78 + 0.55 5.12+£0.48 | 0.004

Cognitive Value 5.51 +£0.78 4.81 +£0.54 | <0.001

Intrinsic Value 6.14 £0.577 |6.15+0.74 | 0.95

that exhibited no significant change between the
cohorts was anxiety. It is important to note that
the intervention plan started during the Design
Methodologies course, which takes place prior to
administration of this survey. This may explain the
vast differences between the factor scores.

5.3.2 Second semester

During the spring, the students are completing their
senior design capstone projects and most are pre-
paring to graduate. As shown in Table 9, most of the
factors remain statistically similar between the
cohorts. Anxiety is relatively low, self-efficacy is
high, and self-regulation and cognitive value are
high as well as intrinsic value.

A negative change between cohorts is not neces-
sarily undesirable since the cohorts were two sepa-
rate samples that started with different values.

5.3.3 Overall change through the year

To observe how well the intervention plan worked,
the change between factors was compared for both
cohort groups. These changes focused on students
who completed both semesters of the survey, so
there are no outliers that may skew results. Shown
in Fig. 1, the test cohort, the cohort exposed to the
intervention plan, had the highest change in anxiety,
decreasing the value by almost a whole Likert point.

Self-regulation was also positively affected,
improved from the control cohort, which had a
negative change. Cognitive value improved slightly
more in the test cohort than the control cohort.
Intrinsic value, while improved in the control
cohort, was unchanged in the test cohort.

5.4 Gender comparison

When isolating the gender demographic, there were
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Fig. 1. Overall Changes among Factors between Cohorts.

Table 10. Male versus Female
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Fig. 3. Overall Changes in the Factors of Female Students.

Table 11. International versus Domestic

Male Female International Domestic
Factor p-value Factor p-value
X+to X+to X+o X+o
Anxiety 3.73 £ 1.50 322+ 1.70 {0.283 Anxiety 428 +1.34 3.15+1.42 | <0.001
Self-Efficacy 5.15+0.66 5.61 £1.00 {0.105 Self-Efficacy 5.08 £+ 0.67 531 +£0.67 | 0.058
Self-Regulation 5.28 £0.91 4.78 +0.75 | 0.029 Self-Regulation 5.20+0.74 523+£1.02 | 0.846
Cognitive Value 4.96 + 0.65 5.13 £0.81 |0.446 Cognitive Value 4.99 +0.75 497 +0.30 | 0.877
Intrinsic Value 6.07 +0.61 5.89 £ 0.81 |0.425 Intrinsic Value 6.03 +0.62 6.06 + 0.66 0.804

differences that varied from the overall population.
The results for all the factors within the control
cohort and the test cohort are shown in Table 10.

The populations were combined to see overall
comparisons among the demographics in the first
semester. The only statistically significant changes
were in self-efficacy and intrinsic value, in which
both decreased. There appears to be multiple factors
that are different between genders, however only
self-regulation is statistically significant.

Regression analysis showed a p-value of 0.08 for
the change in intrinsic value to females which is
within the accepted alpha of 0.10 and can be
included for discussion. The plot shows that male
students begin with a higher initial intrinsic value.
The model of the self-efficacy factor resulted a p-
value of 0.00345 which is highly significant. This
demonstrates female students possess a higher self-
efficacy value.

Figures 2 and 3 show the graphical illustration of
the changes between the students who participated
in both semesters of their respective cohorts.

5.5 Demographic comparison

Significant statistical findings resulted from com-
paring the domestic and international student
populations. Using a t-test comparison and regres-
sion model, the findings are shown in Table 11.
The statistically significant change occurred in
presentation anxiety and self-efficacy. The student’s
anxiety had a high significance of p-value < 0.001,
while the significance of the self-efficacy was only
maintained for discussion at a p-value of 0.058.
Higher anxiety levels occurred in the international
students. The overall changes in the factors between
the international cohorts is represented in Fig. 4.
Anxiety levels decreased immensely by almost 2
points for the test cohort. However the test cohort

Anxiety
| |
Regulation
|
Efficacy —
Cognitive —
Intrinsic | ]
-1 -0.5 0 0.5 1 1.5
Control Cohort M Test Cohort

A
Regulation —
Efficacy ——
Cogniti

ognitive -
Intrinsic o

-2 -1 0 1 2
Control Cohort ™ Test Cohort

Fig. 2. Overall Changes in the Factors of Male Students.

Fig. 4. Overall Changes in Factors of International Students.
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Fig. 5. Overall Changes in Factors of Domestic Students.

had a negative impact in cognitive value and a
smaller increase in intrinsic value than the control
cohort. Represented in Fig. 5 are the overall changes
in the factors between the domestic cohorts.

Anxiety decreased almost a half of a point in the
test cohort. Recall that negative anxiety is a positive
impact because the goal is to decrease the student’s
anxiety when presenting. While small, the test
cohort had a decrease in cognitive value, intrinsic
value, and self-efficacy than the initial control
cohort.

5.6 Performance based comparison

Data on individual student performance was the
calculated through the score from peer evaluation
and the grade given by the advisory board. Figures
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Fig. 6. Comparison of Grade vs. Anxiety for International and
Domestic Students of Control Cohort.
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Fig. 7. Comparison of Grade vs. Anxiety for Males and Females
of Control Cohort.

6 and 7 show the regression results from plotting
grade versus presentation anxiety for the various
demographics.

Anxiety affected each demographic differently;
for males and the general categories of international
or domestic student, higher anxiety resulted in a
lower grade. For the female students, however, this
was opposite; higher anxiety levels resulted in a
higher grade. Comparing international students to
domestic students, the graph displays that the levels
of anxiety presented a higher detriment to the
international students than the domestic students.

5.7 Qualitative results

Qualitative data was taken to draw correlation
between the results of students’ scores and their
motivation and outlook on senior design capstone.
The majority stated doing well in the class was
receiving an “A” or showcasing the project.
Almost all of the students indicated wanting to
perform well in the class; however, there were a
few students that suggested that their grade was
unimportant to them as long as they were able to
pass the class and graduate. Teams sponsored by
industry wanted to impress their sponsors to possi-
bly get a position at the company after graduation.
Some students indicated the desire to impress their
friends and families as motivation to excel. One
female stated that she wanted to show her friends
that she could, in fact, be an engineer.

Other statements from students include that the
course is 100% indicative of their potential as an
engineer. The seniors overall enjoyed the sequence
of classes. Most suggested that the process allowed
them to work outside their comfort zone, demon-
strating that the team-based environment of the
class was challenging and enjoyable.

6. Discussion

The study suggests that the student’s motivation
changes depending on their background. All of the
students involved in this intervention plan were
senior level students participating in capstone
design in the Department of Mechanical and Aero-
space Engineering at Florida Institute of Technol-
ogy. However, the students differed in their gender
and origins. These differences resulted in differences
in motivation.

6.1 Control cohort results

In the first year of the study, all the factors changed
significantly. This is to be expected, as senior design
capstone is a new endeavor, and students tend to
value it over a traditional class. It is important to
note that this class did not have any intervention
plan in place. Design Methodologies and senior
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design capstone were run as it had been in previous
years, with no significant changes.

The seniors presented weekly, so it became more
natural to them and their anxiety decreased slightly.
Typically by the end of the semester, the students are
comfortable with the advisory board and therefore
comfortable with presenting in front of them
because it is a non-intimidating environment. The
students are proud that they have accomplished
something and they believe in themselves and their
potential, therefore significantly increasing intrinsic
value. The student design showcase is a very good
intrinsic motivator as well, since the public and
school officials congratulate the teams on their
hard work and accomplishments. As the students
prepare themselves for completing the project they
learn new cognitive and self-regulation skills that
increase those factors. Since the survey is completed
at the completion of senior design, the self-efficacy
value is drastically higher; this could be due to the
fact that the stress of the class is gone and the
students were able to see their efforts pay off.

The initial year displayed that senior design
capstone course, alone, does help to improve moti-
vational factors. This allowed for a foundation to
build the intervention plan from to make an even
greater impact on the motivation level of the engi-
neer.

6.2 Test cohort results

The second year of the study proved to be a test of
the intervention plan. The plan was put in place in
the Design Methodologies class and continued
through the following year. The initial motivation
level was actually slightly higher than that of the
previous cohort group. One downfall is not know-
ing if this was due to the Design Methodologies
intervention since there was no prequel to the
survey. Comparing the change between semesters,
the observation can be made that all but intrinsic
value were changed with high statistical signifi-
cance.

Presentation anxiety was decreased greatly over
the semester, demonstrated by the p-value. Self-
Efficacy was improved greatly with a high signifi-
cance, most likely due to the students being pleased
with themselves and that they had accomplished
something that they had previously viewed as a very
daunting task. Cognitive value was also highly
effected, showing that the students were able to
learn to structure themselves and complete the
necessary requirements; this was aided by the neces-
sity to display the executive summaries and report
what was completed between weekly meetings.

Intrinsic value stayed consistent through the year.
The intrinsic value was high for the test cohort in the
fall semester, leaving little room for improvement.

This high initial value could be due to the increased
awareness and understanding of the expectations of
senior design, as taught to them in Design Meth-
odologies. Since the intervention plan included the
previous seniors presenting to the juniors at
instances throughout Design Methodologies, the
test cohort were better prepared coming into
senior year.

Overall the changes within the semester are
positive and show that the intervention plan and
senior design capstone together did have a positive
impact on the students’ motivational factors.

6.3 Comparison between cohorts

The control and the test cohorts were compared
between the respective first and second semesters, as
well as a total delta between the two cohorts.

6.3.1 First semester

In the first semester, the students are beginning to
define the requirements and plan the scope of their
project. In this semester, the students demonstrate
an increased confidence in their abilities to complete
the task, but also an inability to arrange themselves
to a larger completion of a goal. This could be
contributed to the implementation of the teams in
Design Methodologies. The anxiety levels remain
about neutral, exhibiting that both cohorts of
students are anxious about their performance in
the course. The male populations displayed high
intrinsic values, indicating that males in the cohorts
of this study are confident in their abilities as
engineers. The female population showed changes
within the self-efficacy and self-regulation factors.
There was a significant decrease in the motivation
that they have in their ability to succeed; but there
was an increase in the success structure to reach an
end goal [1]. The international and domestic popu-
lations produced similar results, will small positive
increases being a possible result of the intervention
plan or finding more enjoyment in their project.

6.3.2 Second semester

The second or final semester of senior design cap-
stone is the spring semester. In this semester the
students are completing their projects including the
manufacturing and testing. They are finalizing doc-
umentation and preparing for the senior design
showcase, put on by a local engineering company.
The surveys are handed out within the same week as
showcase signifying the end of the senior design
capstone curriculum. When comparing the two
years’ final semesters, it was interesting to see that
most of their factors resulted similarly to one
another with the exception of self-regulation and
cognitive value.

Self-regulation was higher in the test cohort than
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that of the control cohort; this could be due to the
fact that the intervention plan had actions set to
target that factor specifically. Self-efficacy, as dis-
cussed prior, is the belief that one can complete a
task. Since more attention was paid to help the
teams attain this factor, it allowed the students to
reach a higher level. Cognitive value, however,
decreased between semesters although it was still
on the higher end of the spectrum. This could be due
to a variety of reasons which merits deeper investi-
gation.

6.3.3 Overall change through the year

The best way to observe the strides of the interven-
tion plan was to see the overall delta of the factors
between the students. Since the goal was to observe
a change between the two cohorts, the data was
filtered to include only students participating in
both semesters. The deltas for each cohort were
calculated and plotted to reflect the difference in
change between cohorts. In total, there were 63
students that completed both surveys in the test
cohort and a total of 44 students in the control
cohort. This comparison demonstrated the positive
change students experienced throughout the year.
Note that a negative change in anxiety is positive
since it is a negatively coded item.

Considering the graph in Fig. 1, the anxiety,
regulation and cognitive value were positively
affected a greater amount in the test cohort. Anxiety
decreased nearly twofold which indicates that the
changes made by the intervention plan were a
success. Regulation went from being negative in
the control cohort to positive in the test cohort,
indicating that the students are confident in their
ability to get tasks done. Intrinsic Value stayed the
same in the test cohort. The reason behind the
intrinsic value remaining constant could be due to
the fact that the test cohort came into senior design
capstone with an already high intrinsic value, and
success can be found that it wasn’t negatively
affected.

6.4 Gender comparisons

Combining all student responses displayed an over-
all result where males exhibit higher anxiety and
females have a higher self-worth, resulting in a
higher intrinsic value. Males have a higher positive
change in terms of their cognitive value. This could
be due to the fact that females are still new and
underrepresented in the field of engineering, there-
fore lacking some confidence in their abilities to
perform as well as males in the field. This leads to
doubts in their ability to plan a set of actions to find
success [1, 36, 37].

6.5 Demographic comparison

The findings of highest significance occurred within
the population of international versus domestic
students. It is found with high confidence that
international students have high presentation anxi-
ety during the senior design capstone course [16].
This anxiety is likely due to the fact that most
international students do not have previous expo-
sure to a presentation realm; a presentation tends to
be an extraneous concept to them which causes
anxiety [36]. Additionally, many international stu-
dents believed that their presentation skills were
poor because English was not their first language.
During the qualitative interviews, most students
agreed that they were anxiety prone during pre-
sentations as they wanted to show they were per-
forming well.

Also shown with a high significance within inter-
national students was the correlation between their
peer review statistics and the answers on the self-
regulation portion of the survey. Many students
stated they were used to the traditional course
structure featuring homework and exams, while
this course did not follow this structure. Senior
design capstone involves designing, analyzing, pre-
senting, and following a product through to com-
pletion, a concept that was foreign to them. As a
result, many students revealed they believed that
they struggled to perform to their potential. The
findings regarding self-efficacy also echoed these
results. International students naturally thought
their capabilities were limited due to their foreign
background.

Differences in intrinsic motivation were realized
between international and domestic students.
Although this change was significant to an alpha
of 0.10, domestic students displayed greater intrin-
sic motivation than their international counter-
parts. Most domestic students tend to have a
greater understanding of the structure of a capstone
course, however international students struggle to
adapt to this format [16].

6.6 Performance considerations

The performance factor results of the survey proved
to be very interesting. One would expect higher
anxiety to decrease the student’s grade. However,
the female students displayed opposite results to
this: more anxiety improved the student’s grade.
Although this displays an improved performance, it
was not in a positive manner. The goal of the study
was to use positive aspects, such as confidence, to
improve performance, not the negative of anxiety. It
can still be stated with great confidence that students
with higher grades tended to exhibit more anxiety.
The demographics of males, international and
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domestic, reflect this. International student’s anxi-
ety resulted in an extreme impact on their grades.
Causation may stem from having a different back-
ground as their domestic counterparts, or an
increased nervousness given that English is not
their native language.

6.7 Qualitative analysis

The qualitative results were used for insight to the
students’ quantitative grades. While the majority of
students believed that success in the course was
receiving an “A”, some of the industry sponsored
teams’ goals were to impress their sponsoring com-
pany to earn a job post-graduation. Some students
were also more concerned with seeing the project
through to a success completion rather than their
final quantitative grade in the course. Most of the
students were satisfied with their ability to apply the
theoretical knowledge gained throughout their
undergraduate tenure to a real-world engineering
scenario.

Students ranked the class as the most important
class in their collegiate career despite also finding it
to be harder than previous classes. One student
stated that this class should be offered earlier in
the undergraduate program, because if he had
known engineering was this hard, he would not
have majored in it.

6.8 Limitations of the study

This study should be viewed as a sample of the
motivation of a senior level student in mechanical
engineering enrolled in a senior design capstone
course. The study lacks the mandatory longitudinal
comparisons to understand the difference in moti-
vation of various students throughout various
years, cohorts, or project types. There was also
not a survey administered to the students of the
two cohorts before taking Design Methodologies,
which serves as preparation for senior design cap-
stone. Under the intervention plan, the Design
Methodologies course was altered to provide the
junior level students with a better understanding of
the senior design process, through methods such as
having the control cohort senior project teams come
to present to the junior level students in the test
cohort. This increased exposure could result in some
of the higher motivation levels entering senior
design than the control cohort had exhibited. The
ability to compare the control and test cohorts
before taking part in Design Methodologies would
allow for better comparisons to be drawn between
the two cohorts, and determine the extent of the
motivation improvements caused by the interven-
tion plan with regard to the first semester surveys.
The sample size of this study was limited by the
graduating class size. Future studies could serve to

validate this snapshot study and expose new statis-
tical information unable to be found within this
sample group.

7. Conclusions

The study compares results between cohorts and
demographics of the senior design capstone classes
at Florida Institute of Technology. The study
demonstrates how motivation is a dynamic quality
and changes between cohorts, as well as between
demographics. The MSLQ survey was used in this
study to analyze the motivation of senior design
capstone students in the mechanical and aerospace
engineering department.

At the start of the course, anxiety played a large
role on the course performance, especially when
isolating the international students. While anxiety
decreased the performance of the male student, this
proved opposite for female students; female stu-
dents tended to perform better when anxious. While
high student performance is desired, the author
desires to use positive factors to improve student
performance instead of negative factors.

Between the two cohorts, the test cohort came
into the senior design capstone course with higher
anxiety; this was possibly caused by the intimidation
from observing senior design teams’ accomplish-
ments the previous semester/school year. Overall,
there was still a greater change in the anxiety factor
in the test cohort. All factors improved with a
greater delta except for intrinsic value. The test
cohort entered senior design capstone with an
extremely high internal confidence.

The intervention plan did make a positive impact
on the student’s factors. The plan greatly helped the
international student population. More impor-
tantly, the intervention plan reinforced doing well
for positive factors instead of negative ones.
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