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Abstract

Title: Examining the Impact of Student Motivation on Performance in Mechanical

Engineering Design Courses
Author: Elisabeth Kames

Advisor: Chiradeep Sen, Ph. D.

Design courses are an integral component of undergraduate engineering education.
Design is recognized as one of the primary responsibilities of an engineer in industry. New
designs are responsible for stimulating sales and company growth.! This dissertation
outlines a study seeking to explore the impact of student motivation factors on course
performance of mechanical engineering students in design courses. The first design course,
cornerstone design, takes place during the first semester of freshman year. The second
course, capstone design, takes place during the student’s final year of undergraduate study.
An adapted version of the Motivated Strategies for Learning Questionnaire (MSLQ) is
used to measure five motivation factors: cognitive value, self-regulation, test/presentation
anxiety, intrinsic value, and self-efficacy. Motivation is measured against the final grade in
the course, which is used as the performance metric.

The major contribution of this research is the ability to examine the impact of
motivation on performance in design courses. The motivation and performance is also

measured against student demographic information with regard to student gender,

il



residency (domestic or international), family income, and highest degree attained by
parents to determine if a correlation is realized. Additionally, the longitudinal study
focuses on a single cohorts of students. This affords the ability for the examination of the
differences in motivation between the students’ freshman and senior year to determine if
this can be correlated to student gender, residency (domestic or international), family
income, and degree attained by parents.

The results indicate that motivation is a key factor in the students’ performance in
design curriculum. All five of the motivation factors are found to impact the students’
performance; however, different motivation factors are found to impact the students’
performance at different points in time. This proves the multidimensional and dynamic
nature of motivation. The quantitative findings are further explored through qualitative
data analysis to explore variables impacting the students’ motivation and performance
throughout their capstone design sequence. A total of 69 unique codes were identified
through the student interviews, providing useful feedback on student experiences in senior

capstone design at Florida Institute of Technology.
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Chapter 1
Importance of Design Education

Engineering curriculum at the university level typically culminates in a senior
design capstone course. The goal of the senior capstone design course is to challenge the
students with an example of a real-world project, preparing them for industry. While the
essence of senior capstone design has been dated back to the late 18" and early 19"
centuries, these courses began to resurface in the 1970’s. However, their significance in the
curriculum went unrecognized, with approximately 3% of American institutions offering a
formalized design curriculum.? University curricula used to focus heavily on design and
design challenges, typical of industry level engineering. Due to increasing system
complexity, engineering curricula were prompted to add more science and mathematics
classes to help students understand needed tools and methods.? However, over time this
produced students with a decreasing understanding of the practical applications of
engineering and design.® The reintroduction of modern day senior capstone design in the
1980’s and 1990’s served to bring the practical application of technical topics back to
university level engineering.*® It was recently identified that corporations also yearned for
students entering industry to have a greater understanding of problem solving, critical
thinking, and presentation and communication skills.® Senior capstone design serves as a

transition from compartmentalized learning experienced in introductory level engineering



courses to the design and application desired by students entering industry. * It is typically
the student’s first exposure to team- and project- based engineering similar to what they
will experience as a professional engineer. Its importance has been emphasized by
accreditation bureaus such as the Accreditation Board for Engineering and Technology,
Inc. (ABET).*’

Many studies have observed motivation as a predictor of academic performance.®
10 Busato, et al., identified that motivation and intellectual ability were the two key
indicators of academic success at the university level.!” Pintrich implemented the
Motivated Strategies for Learning Questionnaire (MSLQ) to measure student motivation
levels and hypothesized their importance for academic performance.!! Intrinsic motivation
factors have been closely linked to design thinking and creativity in designing.'? It is
hypothesized that motivation factors impact student performance in design courses and
ultimately their success.

This dissertation seeks to identify the link between student motivation and
performance in design courses. Design courses are of particular interest here because many
schools put an emphasis on them. Further, many students who enter engineering fields cite
their eagerness to design and build products as motivation to pursue engineering.
Universities have caught on to this and made design an integral part of their engineering
curriculum. However, we have yet to study how students’ motivation toward design
changes between their freshman and senior year, specifically in their design courses. This
study presents insight into the correlation between motivation and student performance in
design courses. The study uses longitudinal methods to examine a cohort of students at the

beginning and the end of their undergraduate tenure at Florida Institute of Technology. The
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initial observation is completed at the beginning of the students’ freshman year, during
their Introduction to Mechanical Engineering course. This is a design-based course,
introducing students to the design process and culminating with a group design project.
The second observations are made in the students’ Mechanical Engineering Design [ and
Mechanical Engineering Design II courses. These two courses account for the yearlong
senior design capstone. The changes in student motivation is observed with regards to
course grade, also examining factors such as student gender, residency (domestic or
international), family income, degrees attained by parents, and previous academic
performance—including transfer status and grade point average (GPA). The study uses an
adapted version of Pintrich’s Motivated Strategies for Learning Questionnaire (MSLQ),"?
which will be detailed in a subsequent section.

The motivational factors observed were the student’s cognitive value, self-
regulation, test/presentation anxiety, intrinsic value, and self-efficacy. The primary
outcome of the research identifies general trends in students’ motivational factors in design
courses exist. These trends are then extrapolated and compared to the student’s success to
indicate whether such trends are a benefit or detriment to the student’s success in the
design course. Also, student motivation factors are observed with respect to the student’s
demographic information, including their gender, residency, and parent’s education levels
and income. Again, this information is used to determine if general trends in motivational
factors exist for different demographic groups of students. Furthermore, this research
identifies which of the five motivational factors are the most influential on the student’s

performance in each of the individual design courses. This may assist educators in



targeting specific factors for each student to have a very pointed approach in ensuring the
success of the student, reforming design education.

An overarching goal of this research is the ability to identify specific students that
are more likely to underperform in design courses. Two of the three total surveys were
administered before the students were exposed to any of the material in the design course,
making differences in design curriculum between specific universities irrelevant.
Therefore, by using a Motivated Strategies for Learning Questionnaire (MSLQ) that could
be disseminated at the beginning of the semester, educators could determine the student’s
motivational factors and identify high risk students. The educator could then implement an
intervention plan for that individual or group of individuals to ensure their success in the

course.

Design Courses

Formal design has been integrated into engineering curricula in one form or
another. The common course sequence and terminology used today are “cornerstone
design” courses to represent freshman design and “capstone design” to represent senior
design. While many schools have also formally integrated design throughout the
curriculum, most schools incorporate both cornerstone and capstone at the very minimum.
Design courses are particularly useful because they allow students to transform their
theoretical background knowledge into practical application.'*

Necessary competencies for design courses include technical drawing, CAD model
generation, performing necessary analyses, and constructing a prototype or finished
product.'* This experience exposes the students to practices outside of the typical lecture-

4



based curriculum. Students need to consider the feasibility, practicality, and
manufacturability of the design that is generated.

Both capstone and cornerstones design courses are considered key design courses
in the formal engineering curriculum.'® The courses are set up to incorporate an open-
ended design approach and the skills necessary to output successful designs as a part of

curriculum.’

Freshman Cornerstone Design

The importance of design courses has long been recognized and implemented in
many senior level engineering curricula, through the use of capstone design. However,
universities are recently beginning to implement the design process earlier in the
undergraduate curriculum in order to expose the students to one of the key aspects of
engineering at the beginning of their degree. A survey revealed that one of the reasons for
high attrition rates in engineering was due to freshmen students’ inability to connect their
college coursework to their engineering career.'® To address this, cornerstone design
courses have been introduced to present an introductory design course to show students
how engineering allows you to go from designing a system to building one. The impact of
cornerstone design courses has reached beyond education, as industry partners wanted a
stake of what students were learning. Industry yearned for students to gain skills in
problem solving, critical thinking, and communication within a team format at an earlier
stage in their education.®

Cornerstone and capstone design courses are opportunities for students to develop

teamwork skills and improve communication and management skills.!” The cornerstone



course focuses on developing student’s skills in identifying the problems and needs of
customers and working to find a solution through a final design or product.'® The aim of
the cornerstone course is to help students develop the fundamental skills required in
engineering, including analyzing data, generating results, and using a systematic approach

to designing."’

Freshman Cornerstone Design at Florida Institute of Technology

At Florida Institute of Technology, the mechanical engineering freshman
cornerstone design course is called Introduction to Mechanical Engineering. In this course,
the students are taught the basics of engineering, such as engineering drawing, tolerancing,
computer aided design (CAD), and analysis. The student are also exposed to two different
design projects. The design projects follow the two types of engineering design: forward
and reverse engineering. The reverse engineering project is the first of the two that the
students complete, and the curriculum taught during this time directly relates to the project
that the students are working on. The student groups buy inexpensive consumer products —
such as a hair dryer, printer or tools — and are instructed to analyze the product, identify a
design flaw, and propose a solution to the problem. The students are expected to generate
function models, assembly trees, morphological charts, and process diagrams for the
system. The second design project, the forward engineering project, is an entrepreneurial
and innovative project in which the students are given an open-ended design prompt. They
are not provided with a problem statement, rather they are provided with a problem

scenario. The students are expected to address this problem scenario by composing a



proposal for approval, generate a problem statement, formulate a solution, and build a

mockup or prototype of their solution.

Senior Capstone Design

Senior capstone design is one of the final requirements for graduation at many
engineering universities in the United States. Senior capstone design has been regarded as
the pinnacle of an undergraduate’s engineering education. The format of senior capstone
design differs between universities. The course can be a single semester, or can bridge
between two or even three semesters of study.**° Senior capstone design is typically the
students’ first exposure to applied engineering design work, similar to what they would
experience in industry. Aside from taking an engineering challenge from design to fruition,
the students also gain important skills — presentation, technical writing, and business skills
— that are not taught throughout the traditional engineering curriculum.?!

The goal of senior capstone design is to prepare students with these skills, as well
as communication, team work, and project management skills through a team-based design
experience.”” For most students enrolled in an engineering program in the U.S., senior
capstone design courses are mandatory for graduation as they are a requirement by various
accreditation bodies, such as ABET.” This course allows students to use their knowledge
and skills acquired throughout their previous three years of engineering coursework to
produce a useful product or design.”® In many instances, the course is advertised as a
bridge between the college curriculum and industry work.?

Student projects are typically monodisciplinary and can range from competition-

based projects, university-sponsored projects, or industry-sponsored projects.>* 2



However, some universities also feature interdisciplinary project teams. Interdisciplinary
teams offer the benefit of a wide multitude of competencies. Studies have shown that
interdisciplinary project teams produce better solutions than monodisciplinary teams.**

Senior design culminates with the presentation of the project deliverables, as well
as an expo or open house to showcase the student’s projects.?* The project deliverables
may include a technical report detailing the design process used, a presentation to an

advisory committee including project sponsors, and the final design or product.®?%27

Senior Capstone Design at Florida Institute of Technology

Senior capstone design serves to prepare students for industry by bringing practical
application of design back to the university level. At Florida Institute of Technology,
senior capstone design is a final requirement before graduation from undergraduate
engineering curriculum. The course is a three semester sequence, preparing students for
industry. The first course, Design Methodologies, takes place during the student’s spring
semester of their junior year. This course is intended to equip the students with all of the
skills and considerations necessary to complete their senior capstone design projects. The
course overviews the basics of the design process, the preparation of technical reports and
presentations, and different problem-solving methodologies.? The students are assigned
three miniature group projects to introduce them to project-based course requirements and
allow them to employ the skills they are learning at the time. Design Methodologies
culminates with the students being assigned their senior capstone design projects and
teams. The second course in the sequence is Mechanical Engineering Design 1. This course

takes place during the fall semester of the student’s senior year and is the first of the two



semesters in which the students work on their senior projects. The fall semester focuses on
the design and analysis of the chosen solution. The students formulate their solution,
generate hand and CAD drawings of the full system and sub-systems, and perform
calculations and computer-based analyses on their systems to guarantee it meets all
designated requirements for the project. The final course in the sequence, Mechanical
Engineering Design 2, requires the students to complete any supplementary analyses, build
and test the prototype of their system, and manufacture a final solution. The course
concludes with a design showcase of all of the final products.

The projects at Florida Institute of Technology fall into one of three major
categories: industry-sponsored, competition, or humanitarian projects. The industry-
sponsored projects are provided to the university by an industry sponsor and allow the
students to experience “real-world” engineering. The competition projects include the
Society of Automotive Engineers (SAE) Baja and Formula competitions, and the Dragster
Car project. The humanitarian projects are generated based on a need as designated by the
student teams themselves. Some previous examples include a manually operated water
purifying device and a machine to manufacture shoes from old plastic bottles for third
world countries.

Aside from focusing on the design and build of their senior capstone design
projects, the students are also required to submit weekly executive summaries and
presentations to their advisory committee throughout both semesters of their Mechanical
Engineering Design course; the committee is comprised of the course professor, graduate
student assistants (GSAs), and industry or university sponsors.>?>2"28 The weekly

presentations are given to ensure the project health, as well as to provide the students with
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a platform to practice their presentation skills in a semi-formal environment and prepare
for their formal presentations. The end of the student’s fall and spring semesters of senior
year culminate in a Preliminary Design Review (PDR) and Critical Design Review (CDR),
respectively. Each of these milestones require the students to submit a technical report
outlining their design and processes, and a comprehensive presentation to their advisory

boards.

Intellectual Merit

The intellectual merit of this research lies in the ability to identify critical
motivation constructs of students in design education and equate this motivation to their
respective performance. While many studies have examined the importance of motivation
to performance in academia, this research seeks to specifically address the motivation and
performance of students in engineering design courses. The design courses examined offer
a project-based learning experience for the students, similar to the experience they would
have as a design engineer in industry.

Educators face challenges due to the diversity of the student population and the
diversity of knowledge from student to student. Students have different learning styles and
different motivation and attitudes toward education and learning. This requires educators to
adapt to the population in the course they are teaching. The ability to examine student
motivation and understand the factors driving the student performance allows for educators
to tailor their courses to provide a positive learning experience for the students. The

correlations found from this research could also provide educators with the ability to
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identify students that are likely to underperform in their course and develop an intervention

plan for those students.

Broader Impact

The impact of understanding the influence of a student’s motivation on their
performance in mechanical engineering design courses affects the education and the
research community, as well as industry.

Education: Design courses are an integral component of undergraduate
engineering education. Senior design capstone has been described as a defining moment in
an undergraduate’s education, representing the transition from compartmentalized, back-
of-the-book learning to applying a broad range of concepts to complete a design challenge;
this is similar to what is expected of engineering graduates once they get to industry.
Freshman cornerstone design is a newer course being implemented into the engineering
curriculum due to a recognized need to expose engineering students to design earlier in
their undergraduate education. The ability to identify motivation factors that contribute to
student success in design courses allows for the overall improvement of the design
curriculum at the collegiate level. This also allows educators to identify students that may
be less likely to succeed or persist, and implement an intervention plan to assist the student

in accomplishing their goals.

Research: By using computational analysis tools, we can both understand and
predict student persistence in engineering. Due to the number of students analyzed, number
and type of variables, and factors that contribute to student persistence, it was important to

explore various computational approaches. These approaches include, but are not limited
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to: regression models and machine learning. This is used to determine which factors
contribute to engineering persistence, as well as when the factors contribute the most.

By examining this, we are able to make changes in how, who and when we recruit
students in engineering to increase their persistence. Moreover, we determine underlying
factors that contribute to underrepresented minorities’ enrollment in STEM fields.

Industry: Design courses are the first formal exposure that engineering students
have to an industrial application of the design process. Identifying the motivation factors
that impact the success of the student allows for educators to further refine the curriculum
to better prepare the students for post-graduation employment, producing more well-
rounded graduates entering industry.

While the engineering curriculum provides students with the technical skills
necessary to excel in industry, it lacks in teaching students professional skills. Senior
capstone design courses teach students these skills such as project management, team
work, and effective technical communication. For example, the requirements for capstone
design typically include deliverables such as technical reports and presentations. This
requires the student to properly convey their designs, data analysis and decision making
parameters, improving their communication skills. Improving upon these technical skills

produces higher quality, better prepared engineers entering industry.
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Chapter 2
Motivating Studies

Mechanical engineering is the largest engineering discipline, accounting for 23.8%
of the bachelor’s degrees awarded in 2016.2° However, many studies have concluded that
the majority of students that begin a degree in science, technology, engineering or
mathematics (STEM) do not graduate from their respective field, with the six-year
completion rate for STEM fields being less than 40%.°%3! The demand for scientists and
engineers is anticipated to continue growing with the demand for innovation. However, the
output of STEM graduates is not estimated to grow at a comparable rate as the demand.
Between 2015 and 2025, the United States is estimated to produce one million less STEM
graduates than necessary to maintain our status as a technological leader.*

Studies have suggested that demographics impact the motivation and performance
of students. The participants of the quantitative study are requested to provide their
demographic information for comparison. The demographics considered are gender, age,
residency (domestic or international student), family income, and the highest degree
obtained by the student’s parents. The study also considers the student’s GPA and whether
or not the student had transferred into the private university to see if these factors impact

the student’s motivation.
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Student Gender

There exists an implicit bias that science, technology, engineering and mathematics
(STEM) are masculine career fields. Though women make up around 50% of the college
educated workforce, they account for only 29% of the STEM occupations.** While the
statistic reached a ten-year high in 2017, women still only accounted for 21.3% of all
undergraduate engineering degrees.?’ Personal preference has been shown as the dominant
reason women choose not to pursue STEM fields.** However, the lack of female students
in STEM fields has been attributed to many different causes, including the gender
stereotype that these fields are masculine fields. Other causes discussed by literature are:

3537 lack of outreach to young girls®, and the self-perception of

lack of female role models
the inability to succeed in these fields and low self-efficacy due to their gender®.

While these issues can cause females to avoid entering the sciences altogether,
there are also difficulties with the retention of female students upon entering a STEM
field.** Some women do initially choose to pursue a STEM field, but choose not to persist.
Women are 2.5 times more likely to leave a STEM field after entering university level
study.*"*> Various research studies have shown that gender stereotypes are one of the
driving factors behind attrition of women in STEM fields.*’

Motivation studies typically compare gender differences between two aspects of
motivation: mastery goals and performance goals.*** The mastery goal is similar to
intrinsic motivation and self-efficacy, as it is based off of an internal standard to achieve

“mastery” of the subject.***> Performance goals are the desire to showcase your ability to

external sources. The mastery goal is very fluid, as it can change from task to task.*
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Research has suggested that adolescent females exhibit higher mastery goals, while males
typically exhibit higher performance goals.**¢ This can be detrimental for males if their
focus shifts too heavily toward maintaining their public image rather than learning the
material.* Females focus more heavily on mastery of the material to increase their self-
efficacy perception over time.***” However, females are also inherently exposed to a
“stereotype threat”. Stereotype threats are the feeling of judgment by peers based on
societal stereotypes.*'*8 This phenomena causes students to fear doing poorly because they
feel they may be thereafter defined by this stereotype.*® This may cause students to
“disidentify” with the field that they feel uncomfortable with, which is typically STEM-
related fields for females.*'*34° This is backed by the findings that women perform equally
as well as men in math classes through middle school; however, men perform better in
these subjects through high school and college, while women perform better in reading and
writing.’*? Shih, et al. also showed that self-identification and motivation factors can

implicitly shift, which can improve or hinder overall performance.*

Student Residency

Of all of the bachelor’s degrees awarded in 2016, only 9.6% were awarded to
international students®’; in 2017, this number rose to 10.1% of all of the engineering
degrees awarded. Two driving factors behind student success are academic integration and
social integration.>*>® Academic integration is the student’s ability to succeed through the
rigors of postsecondary coursework. Social integration describes the ability of the student
to assimilate into their new environment and interact effectively with their university

surroundings. For domestic students, this describes the acclimation into the university
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environment: being away from home, living alone or with other students, forming new
friendships, maintaining long distance friendships, and interacting with professors.
International students must not only acclimate to the university environment, but also to a
brand new social environment. Depersonalized instruction has been revealed to cause
students to disidentify with their field of study.’” This could include difficulties such as
language barriers and cultural differences.

Many studies affirm that social integration is one of the largest challenges for
international students attending postsecondary education in the United States. There exists
a culture shock regarding the requirement of specific social skills.>® Abiding by new
societal standards may be confusing or even offensive to the students depending on their
previous residency and societal norm.> Language barriers present an obvious difficulty for
the students. While the students may understand formal English and perform well on
English proficiency exams, they may have difficulty understanding the colloquial English
spoken in informal environments.>% This can be especially problematic in a group
environment, such as a project-based class like cornerstone or capstone design. The
international students tend to take a peripheral approach rather than a central position.®%¢!
This is further exacerbated by the need to make formal presentations to their advisory
committee in capstone design, causing anxiety for the students and pushing them away
from a lead position.”® Braxton, Sullivan, and Johnson found that academic integration and
social integration are interrelated concepts.>* If the student is confident in their academic
achievement, they are more likely to integrate in with their peers. Conversely, if a student
assimilates well into the social environment, they are more likely to succeed in their

studies.
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One unique aspect of this study is the large international student population
attending Florida Institute of Technology. This allows for an analysis of the differences
between the domestic and international student populations. Generally, motivational
studies have a small sample size of international students, observing largely domestic
student populations. Studies that are specifically geared toward observing international
students focus primarily on their first year retention, due to the high preliminary attrition

rate surrounding social integration. %6263

Family Socialization

In a similar regard as student residency, family socialization has been studied
regarding its effects on postsecondary performance. Tinto hypothesized and studied the
effect of the parent’s education and socioeconomic status, as well as their expectation of
the student, on the student’s motivation and performance.> One study of Tinto’s suggested
that higher social status produced a higher aptitude on standardized tests,% whereas the
opposite equally applies. This disparity stems from a student’s early education and
propagates through the student’s academic tenure. A study by Gut, Reimann, and Grob
confirmed prior research that children with low socioeconomic status and family
expectations tend to perform poorly compared to students that have parents with higher
status and a higher expectation of their competence.®® At the university level,
socioeconomic status impacts the student’s performance on multiple levels. While
measured ability is the underlying factor of success and motivation to persist in college,
success itself has been shown to correlate with family socialization; higher social status

typically suggests a higher aptitude on standardized tests and entrance exams.®

17



A study by the Tennessee College Association found that income is directly related
to the persistence of students in university, with income affecting both transfer rates and
permanent conclusion to university.%® A more recent study indicated that socioeconomic
status of the student’s family affects the student’s choice to attend postsecondary
education. Even students with full intentions to attend university sometimes delay their
attendance after performing a cost-benefit analysis.®” This can also affect the student’s
decision to persist in university, especially if the student perceives themselves as
performing poorly.

Aside from the economic concerns of attending university, the student’s family’s
level of education and their expectations are also correlated to the student’s motivation and
likelihood of persistence. Defined by Tinto as “goal commitment”, a student’s likelihood
of university attrition decreases as their commitment to achieving their goal increases.®
Students that perceive a college degree as the societal norm are more likely to persist in
their degree for fear of not meeting the expectations placed upon them. Families that have
higher expectations of their students may also exhibit a higher interest in their education,

offering more praise, support, and advice to the student.5*

Previous Student Performance

This work also accounts for the student’s previous educational experience through
the use of the student’s cumulative GPA and whether or not the student had transferred into
Florida Institute of Technology or had been here through the duration of their
undergraduate tenure. While multiple studies have suggested that GPA is a flawed

determination of the student’s performance at the university level,* ! others have shown
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that GPA tends to be consistent across semesters. >’ Students that have higher GPA’s are
generally expected to maintain a higher GPA, while students with a lower GPA tend to
maintain a lower GPA. Therefore, the student’s cumulative GPA is viewed with respect to
their motivation levels and performance to see if a correlation exists.

With the rising cost of tuition at the university level, more students are taking
courses at lower level colleges and transferring into university for their intermediate and
higher level courses. Studies have also been conducted to determine the impact of
transferring into university, versus attending university for the standard, four-year
trajectory. A study by Dills and Hernandez-Julian found that students who transfer into
university tend to perform poorly in their intermediate courses compared to students that
enter university at the freshman level. While the difference was found to be small, it was
statistically significant.”* Another study by Sinha found that students that transfer into an
undergraduate STEM program take longer to graduate than those that begin their program

and finish their program at the same university.”
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Chapter 3
Student Motivational Factors

Academic success has been closely linked to the student’s motivation.”®’” A study
by Busato, et al. found that achievement motivation was one of the most influential factors
to academic success, alongside intellectual ability.! Moreover, intrinsic motivation factors
have also been shown to greatly impact an individual’s decision to pursue creativity and
design.!? Therefore, motivation is hypothesized to affect a student’s drive and success in
mechanical engineering design courses. Design courses are of particular interest here
because many schools put an emphasis on cornerstone and capstone design. Further, many
students who enter engineering fields cite their eagerness to design and “take things apart”
as motivation to pursue engineering. Universities have caught on to this and made design
an integral part of their engineering curriculum. However, we have yet to study how
students’ motivation toward design changes between their freshman and senior year,
specifically in their cornerstone and capstone design courses.

In this study, a modified version of the MSLQ survey is used as the instrument by
which data is collected. This instrument is widely used in the engineering education
research community for its ability to measure student motivation. It is hypothesized that
the MSLQ survey will result in significant differences in motivation between academic
years, as well as differences between genders and other demographic qualities, determining
if our results align with prior research. Because Florida Institute of Technology has one of
the highest international student body percentages in the country (34% of the total student

body, 40% of the engineering student body), we are afforded an opportunity to seek out
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differences in motivation based on student residency. Family socialization is also
considered here as we investigate the impact of factors such as family income and highest
degree obtained by parents. The student’s previous academic history, including GPA and

transfer status, is also considered against student motivation toward design.

Student Motivation

Pintrich identified the importance of motivation on academic performance.®!!7®

The two integral factors of motivation identified were ambition and learning.!! The five
motivational factors examined in this study are cognitive value, self-regulation,
test/presentation anxiety, intrinsic value, and self-efficacy. Test/presentation anxiety, self-
efficacy, and intrinsic value correspond to ambition, whereas cognitive value and self-
regulation measure a student’s learning. Cognitive value describes a student’s ability to
recognize the tasks required,'! as well as the necessary sequence of tasks, in order to
complete a goal. Self-regulation is the student’s ability to structure oneself to complete a
goal.!! This differs from cognitive value as self-regulation is the ability to organize all
necessary components to ensure completion of the given goal.

Test anxiety is the nervousness felt while taking an exam.!! Similarly, presentation
anxiety is the nervousness felt when giving a presentation to an audience. During the
students’ freshman year, the study targets test anxiety. This is because students are trying
to adapt to the rigor of collegiate coursework and exams. However, during the students’
senior year, the study targets presentation anxiety. At Florida Institute of Technology, the
students must complete a senior capstone design sequence during their senior year. One of

the requirements for the course is a weekly presentation to the team’s advisory board,
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which may include professors, graduate student advisors, or industry sponsors. This course
presents the unique opportunity for students to give professional group presentations,
which causes anxiety for some of the students who are not confident in their public
speaking skills.

Intrinsic motivation is the student’s internal self-confidence and perception of the
reasoning for their participation in a task or course.!! This is synonymous with the
student’s interest in the task.”® Self-efficacy is the student’s confidence that he or she can

IL13 which is the student’s

achieve a goal. Self-efficacy is closely linked to expectancy,
expectations for performance. Self-efficacy is not a global trait, as the student’s self-
confidence may increase or decrease depending on the task at hand.”® Seymour and Hewitt
identified one of the root causes of attrition from STEM majors as the loss of self-
efficacy.*” Once a student loses confidence in their ability to perform a task, they tend to
feel uncomfortable or out of place. Similarly, Tinto identified that the most important
factor in a student’s academic performance is a measure that he termed “student
commitment”. This is a measure of the student’s ability to integrate themselves into the
academic community.*”” While there have since been many studies examining other
contributing factors, the underlying tone in all of the research is the student’s comfort,

confidence, and motivation in their area of study. %447

Motivated Strategies for Learning Questionnaire (MSLQ)
The MSLQ was developed by researchers at the National Center for Research to

Improve Postsecondary Teaching and Learning (NCRIPTAL), including Paul Pintrich,

who is known as one of the leading figures in self-regulated learning and motivation. The
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MSLQ was formulated to determine the impact of student motivation on their performance.
The MSLQ is a widely used tool in the academic community. The students are required to
self-assess their motivation on a seven-point Likert scale, with a value of 1 corresponding
to “not true to me at all” and a 7 corresponding to “very true to me”. A value of 4 is
accepted as neutral, and the other values are a gradient between the aforementioned digits.
A study by Pintrich and De Groot’ identified that self-efficacy, intrinsic value,
cognitive value, and self-regulation predicted academic achievement, while test anxiety
was negatively correlated to self-efficacy in seventh grade science and English students.
The use of regression analysis showed that self-regulation, self-efficacy, and test anxiety
predicted performance, however intrinsic value did not directly affect performance.®’ In
another study by Pintrich, Roester, and De Groot, intrinsic value, self-efficacy, and test
anxiety (used as motivation factors) were correlated to cognitive value and self-regulation
(used as self-regulated learning).®’ Therefore, the five factors used in this study are
cognitive value, self-regulation, self-efficacy, intrinsic value, and test/presentation anxiety.
The MSLQ survey disseminated to the students is shown in Appendix A
MSLQ Form and Survey Consent Form. It is important to note that this survey is the
version given to the senior capstone design students. There are small changes made to the
survey given to the freshman cornerstone design students. Recall, the study of the freshman
students focuses on test anxiety whereas the study of the senior students focuses on
presentation anxiety. Therefore, any instance of “presentation” or “present” in the MSLQ
would be changed to “test” or “take an exam”. For example, the question “I am so nervous
during a presentation that I cannot remember facts [ have learned” is altered in the

freshman level survey to “I am so nervous during an exam that I cannot remember facts I
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have learned”. Any questions that are altered for the freshman level survey are shown in

Table 1, below.

Table 1 — Differences in Questions between Senior and Freshman MSLQ

Question (Senior Capstone Design Survey)

Altered Question (Freshman Cornerstone
Design Survey)

Compared with other students in senior design
I expect to do well

Compared with other students in Introduction
to Mechanical Engineering 1 expect to do well

I am so nervous during a presentation that 1
cannot remember facts I have learned

I am so nervous during an exam that I cannot
remember facts I have learned

I often choose research topics I will learn
something from even if they require more work

I often choose paper topics I will learn
something from even if they require more
work

I have an uneasy, upset feeling when I present

I have an uneasy, upset feeling when I take a
test

I worry a great deal about presentations

I worry a great deal about taking tests

Understanding the design process is important
to me

Understanding the subject is important to me

When I present 1 think about how poorly I am
doing

When [ take a test 1 think about how poorly |
am doing

When [ prepare for a presentation 1 put
important ideas into my own words

When I study for a test 1 put important ideas
into my own words

When I prepare for a presentation 1 try to
remember as many facts as [ can

When I study for a test | try to remember as
many facts as [ can

When preparing for a presentation, 1 copy my
notes over to help me remember material

When studying for a test, 1 copy my notes over
to help me remember material

I practice presentations even when I don’t
have to

I work on practice exercises and answer end of
chapter questions even when I don’t have to

When I prepare for a presentation, 1 practice
saying the important facts over and over to
myself

When I study for a test, 1 practice saying the
important facts over and over to myself

I use what I have learned from previous classes
to do prepare for project work

I use what I have learned from old homework
assignments and the textbook to do new
assignments

I outline the relevant topics to help me prepare
for a presentation

I outline the relevant chapters in my book to
help me study
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Chapter 4
Research Methods

This research seeks to understand the relationship between student motivation and
success in design courses. An overarching goal of this research is to develop a tool that
could be disseminated early in the design course that identifies the students who are likely
to underperform. This allows educators to develop an intervention plan for those specific

students to ensure their success in the design course and their degree field.

Objective

The objective of the research is to understand the impact of student motivation on
success in design courses. Student motivation will be measured quantitatively through the
use of the MSLQ surveys, as well as qualitatively through the use of interviews. “Success”
is measured using the student’s performance in the respective course (measured by the
final grade), as well as the student’s persistence in mechanical engineering. The student’s
persistence is measured in a binary manner: whether the student did or did not finish their
degree.

The study is conducted longitudinally. It views student data from three instances in
time: the beginning of freshman cornerstone design, the beginning of senior fall capstone
design, and the end of senior spring capstone design. This allows the unique opportunity to
follow the same group of students through their two respective design courses, as well as
examine the differences in motivation between the students that followed the standard,

four-year trajectory and the students that did not.
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Research Scope

This research examines the impact of motivation on performance in mechanical
engineering design courses. The study examines a cohort of students, longitudinally. The
first cohort includes data that was collected in the Fall of 2014, in freshman cornerstone
design; data collection also occurred in the Fall 2016 and Spring 2017 semesters, during
both semesters of senior capstone design. In a standard, four-year, undergraduate

trajectory, the data would include the freshman and senior data for each of the two cohorts.

Research Questions & Hypotheses
The presented study specifically addresses three research questions, each of which

are subdivided further, as shown in the table below.
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Table 2 — Research Questions & Hypotheses

Does a correlation exist between student motivation and success

Question within students in engineering design curriculum?
) There will be a correlation between student motivation and success
Hypothesis engineering design curriculum.

I Student motivation is measured through the use of the MSLQ tool,
Validation in which students self-.rep.ort t'heir motivatiqn on a 7-point Lik'ert
Approach scale. The studept motivation is analyzpd using a linear regression

analysis and paired T-test to determine if there are significant
correlations in motivation and success.
Does a correlation exist between motivational factors and student
Question success during each semester of senior capstone design (fall and
spring)?
) The short term success, or student performance, will be impacted
La. Hypothesis by student motivation.
The short term student success will be measured through the use
Validation  of the student’s grade in their respective design courses. This
Approach grade will be compared to the student’s motivation factors from
the MSLQ.
Does a correlation exist between motivational factors and the
Question change in student success over the course of the two semester
senior capstone design course?
The student’s motivation across a single year of academic study
Lb. | Hypothesis  will show correlation to the change in student success, if change in
success does exist.
Validation The motivation of the students will be mgasurqd quantitatively
Approach through the use of the-z MSLQ survey, which will be compared to
the student’s change in grade over the two semesters of the course.
Can qualitative data collected via a team interview format provide
Question insight into specific variables impacting student motivation and
performance in senior capstone design?
Student feedback through the use of a qualitative interview will
Le. Hypothesis  provide insight into variables impacting motivation and
performance in senior capstone design.
Validation  Interview transcripts will be coded to identify factors that impact
Approach student motivation and performance.
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Does there exist a difference in student motivation throughout the

Question student’s college education?
hesi Student motivation is dynamic and therefore will change based on
i | Hypothesis oy ernal factors throughout the course of the student’s education.
N The MSLQ data will be examined using linear regression and t-
Validation L . . ..
Approach tests to determine if there is a statistically significant change
throughout the student’s academic tenure.
_ Does a correlation exist between motivational factors and student
Question success in freshman cornerstone design?
hesi There will exist a correlation between motivational factors and
ILa | Hypothesis ¢ dent success in freshman cornerstone design.
. The student’s motivation factors will be quantified using the
Validation .
MSLQ survey and compared to student success as defined by their
Approach .
final grade in the course.
) Does a correlation exist between motivational factors and student
Question success in senior capstone design?
hesi There will exist a correlation between motivation and student
b Hypothesis  gccess in senior capstone design, based on preliminary results.
The average motivation for each of the students will be
Validation  determined using the senior capstone design MSLQ surveys,
Approach which will be considered with respect to the student’s final grade
in senior capstone design.
Does a correlation exist between changes in motivational factors
Question and student success in senior capstone design for the same cohort
of students?
Given the extended period of time between freshman cornerstone
Hypothesis  design and senior capstone design, it may be difficult to attribute
IL.c success to overall change in motivation.
The motivation factors from the freshman cornerstone design
L MSLQ will be examined with respect to the senior capstone
Validation . . . L
design MSLQ to determine change in motivation across the
Approach

curriculum. This will then be gauged with respect to student
success, as defined by their grade in senior capstone design.
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Do 1nitial and final motivation levels correlate to student success

Question as defined by persistence?
Motivation is a dynamic, multifaceted phenomena and therefore it
Hypothesis  may be difficult to correlate motivation to persistence in a long
11 term format.
The motivation factors from the MSLQ from freshman
Validation  cornerstone design and senior capstone design will be correlated
Approach to the student’s persistence, as defined by the completion of their
degree.
Question Is th§re a statistically signiﬁcant' difference in the motivation of
persisters compared to non-persisters?
There are many factors that affect a student’s retention or attrition
Hypothesis  in engineering, therefore it may be difficult to correlate motivation
ll.a to persistence.
The motivation factors of the freshman cornerstone students that
Validation  completed their degree will be compared to the motivation factors
Approach of students that did not complete a degree to see if significant
differences exist.
Does there exist a statistically significant difference in the
Question motivation of students that followed a standard, four-year
trajectory to those that did not?
There are many factors that affect a student’s trajectory in
b Hypothesis und@rgr.aduate edu.cation, .therejfore it may be difficult to correlate
’ motivation to persistence in this format.
The motivation factors of the freshman cornerstone students that
Validation  completed their degree in four years will be compared to the
Approach motivation factors of students that took more time to complete
their degree.
Does there exist a statistically significant difference in motivation
Question between the students that began their education at FIT to those
who transferred into the university?
There are many factors that affect a student’s transfer status;
Ill.c | Hypothesis  however, different curricula may have an impact on the student’s
motivation.
Validation The-moFivation factors of transfer students Wil! be compared to -the
motivation of students that started their education at FIT to see if
Approach

statistically significant differences exist.
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Research Approach

This section will outline some of the research approaches used in data analysis.

Cronbach’s Alpha

To measure the validity of the quantitative survey instrument, Cronbach’s alpha
was calculated between each of the questions that relate to the five motivation factors
studied. While the survey instrument is based off of Pintrich’s Motivated Strategies for
Learning Questionnaire (MSLQ), the questions were altered slightly to more closely
examine students in design education. Therefore, a Cronbach alpha is calculated to ensure
that the minor modifications made did not compromise the validity of the survey
instrument. This is to ensure that the questions posed on the quantitative survey are closely
related enough to justify their measurement of each of the motivation factors. Cronbach’s
alpha is expressed as a value between 0 and 1, where a value of 1 indicates an increased

correlation.?! The scale used for this research is shown below %2-%3:

Table 3 — Cronbach's Alpha

Rating Numeric Value
Unacceptable <0.5
Poor 0.5-0.6
Questionable 0.6-0.7
Acceptable 0.7-0.8
Good 0.8-0.9
Excellent >0.9

The alpha values are also dependent on the number of variables measured, therefore for the
purpose of this research, motivation factors with less questions addressing them may result

in a lower Cronbach’s alpha value. Alpha can also be used to determine if a test is
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unidimensional, but cannot be used to determine the degree of unidimensionality of the

test.® The equation for Cronbach’s alpha is shown below, in Equation 1.
Equation 1 — Cronbach's Alpha Calculation

N *xC

A=—
v+ (N—-1)*C
In this equation, N is equal to the number of items, c-bar is the average inter-item

covariance, and v-bar is equal to the average variance.

Cohen’s Kappa

Cohen’s Kappa is a method for examining qualitative, categorical data for two
dichotomous variables. Kappa measures the degree of agreement between two independent
judges, determining the location of n objects in £ mutually exclusive categories.® Kappa is
a preferred method of determining the level of agreement because it offers a chance-
correction for the categorization of the variables. The chance-correction is employed by
subtracting the expected value of agreement from the average values. Therefore, the

mathematical equation for determining Kappa (k) is given by:

Equation 2 — Cohen's Kappa
X0y — X E;
n-— 2 EU
where Oj is the observed value, Ej is the expected value, and n is the total number of
variables. Cohen’s Kappa is used to determine the interobserver reliability of the judges

that are responsible for coding the qualitative exit interview data. The codes are extracted
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on an individual basis between the two coders (judges) and organized into categories and
subcategories based on the student responses. The resulting coding scheme was overseen

by two master coders, who also serve to solve any discrepancies between the two coders.

Likert Scale

The Likert Scale was developed in 1932 to measure character, personality traits,
and other qualitative information quantitatively.*®*” The original Likert scale was rated on
a five-point scale: strongly approve (1), approve (2), undecided (3), disapprove (4), and
strongly disapprove (5).%” Since this time, many alternatives of the survey have been used,
most Likert scales range from 3 points to 10 points. This research utilizes a seven-point
Likert scale to improve the granularity of the responses. A value of 1 corresponding to “not
true to me at all” and a 7 corresponding to “very true to me”. A value of 4 is accepted as
neutral, and the other values are a gradient between the aforementioned digits.

Based on the survey, the scale is classified as Likert-type or Likert scale. Likert-
type questions do not combine responses into a composite scale. Likert scale questions are
combined into a composite score. In this research, a Likert scale is used as each of the
questions correspond to one of the five motivational factors. Typical data analysis for
Likert scale items include mean for central tendency, standard deviations for variability,
Pearson’s r, t-test, ANOVA, or regression analyses.®® This research uses t-tests and
regressions analyses, as well as examines the applicability of probabilistic methods such as

machine learning techniques.
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T-tests

T-tests are parametric tests that use interval data to determine whether two or more
independent samples represent two populations with differing mean values.® T-tests are
based off of the t-distribution, which has an average of 50 and standard deviation of 10.%
The t-distribution is a bell-shaped, symmetric, and continuous distribution where the t-
value represents a standard deviation score. When the sample size being assessed
approaches infinity, the t-distribution becomes a normal distribution. In order to perform a
t-test, the test statistic must be calculated and compared to literature values for a critical t-

value. The equation for the test statistic is shown in Equation 3:

Equation 3 — Test Statistic Calculation

Where x-bar is the mean, p is the expected value from the null hypothesis, and sx.par is the
estimated standard error of the unbiased standard deviation estimate. The calculation for
the mean is shown below, in Equation 4,
Equation 4 — Mean Calculation
__Xx
X=—
n

where the x values are the variables of interest, and n is the sample size of the population.
The calculation for the unbiased standard deviation is shown in Equation 5 and the

estimated standard error is shown in Equation 6.

33



Equation S — Standard Deviation Equation

Equation 6 — Estimated Standard Error Equation

Sg = ——=

T-tests are employed in this research as we are seeking to determine whether average
values of motivation factors differ significantly across the course of the design courses,
from freshman cornerstone design to senior capstone design, and within senior capstone

design.

Pearson’s Correlation Coefficient

If two variables are correlated, it means that there exists a relationship between the
variables. However, correlation does not address the cause-and-effect relationship between
the variables. In other words, correlation cannot predict the direction of the relationship.
Correlation comes in three forms: positive, negative, and zero.®® Positive correlation
between two variables indicate that both variables are either high or both variables are low.
In other words, as the value for variable X increases, the value for variable Y would also
increase. Alternately, negative correlation between two variables indicate that one variable
is high and the other is low; as variable X increases, variable Y decreases, or vice versa.
Zero correlation indicates that one variable cannot be used to predict the value of the

second variable. Correlation values vary between 1 and -1, where high positive correlation
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results in a value of 1, high negative correlation results in a value of -1, and zero
correlation results in a value of 0.
One statistical test for determining correlation between two variables is the
Pearson correlation coefficient. The statistic for this test is », where the equation for r is
given by:
Equation 7 — Pearson’s Correlation Coefficient’?
Y(XY)—XY

SDySDy
X-bar and Y-bar are the mean values for each of the two variables, and SDx and SDy are
the standard deviations of X and Y, respectively. The equation for the standard deviation of

X is shown below, in Equation 8.

Equation 8 — Standard Deviation

The standard deviation of Y is computed similarly, switching the X’s in the equation to
Y’s. The resulting r value can be evaluated compared to typical suggestions of correlation,

shown in Table 4.

Table 4 — Pearson Correlation Coefficient Values®®

Less than 0.2 Slight, almost negligible relationship

0.2-0.4 Low correlation, but small relationship

0.4-0.7 Moderate correlation, substantial relationship
0.7-0.9 High correlation, marked relationship

0.9-1.00 Very high correlation, very dependable relationship
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In order to test the Pearson correlation coefficient for significance, we form a null
hypothesis that there is no correlation. If the absolute value of the correlation coefficient is
greater than the critical value, the null hypothesis is rejected and there is indeed correlation

at that significance.

Linear Regression

Since correlation cannot guarantee causation, regression analyses are used as a
method for predicting causation. In order to use a linear regression, the data must be linear,
normal and homoscedastic. In any bivariate analysis, there will exist two different
regression lines: the prediction of X onto Y and the prediction of Y onto X. There will also
exist a residual error in the regression, where the discrepancy exists between the predicted
values and the actual values. Provided that regression analysis can be used to predict future
values as long as the data is significant, the regression analysis can identify useful trends in
student motivation and performance to identify students that are more likely to
underperform.

The goal of the research is to determine the impact of the five motivation factors
and demographic information on success in design courses. Therefore, a covariate linear
regression approach will be used. The criterion variable is the performance of the student,
while the predictor variables are the other qualifying information. For a covariate linear

regression, the line equation is given by:

Equation 9 — Linear Equation

Ypredicted = b1 X1 + b Xy + -+ bpXp +a
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where b1, b,...bnare the slope values of the corresponding X variable, and a is the intercept
with the y-axis. The slope values are calculated as shown in Equation 10. It is important to

note that this slope equation is for a line with X; and X5, for brevity.

Equation 10 — Slope Equation®

SDy <7”y,1 - 7"y,27”1,2>
bl -

Machine Learning

Machine learning is a subset of artificial intelligence (Al) that uses statistical
techniques to improve at tasks due to previous execution of tasks.?’ In other words,
machine learning is a method by which machines analyze past and current events to
determine future events. The theoretical basis of machine learning lies in statistics because
inferences are made from samples.”® Machine learning models can be predictive to form
assumptions about future events, descriptive to gain knowledge from the data, or a
combination of both.”! Machine learning allows knowledge extraction, compression, and
outlier detection. Knowledge extraction formulates a simple model that explains the data
and provides explanation about the underlying process of the data. Data compression
occurs when the raw data can be compressed based on the rules formulated by it, therefore
requiring less memory. Machine learning produces greater data output than the amount of
data input. Outlier detection identifies the anomalies in the data that may require
attention.”®

There are two primary types of machine learning: supervised learning and

unsupervised learning. Supervised learning attempts to map the inputs to the outputs
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knowing the correct values for the outputs. This typically results in a linear equation, or a
nonlinear equation depending on the complexity of the relationship. Unsupervised learning
occurs when the user only knows the input data, rather than also knowing the correct
outputs.”® The goal is to identify similarities in patterns in the data using density estimation
or clustering metrics. Provided that the outputs are known in this context, this research will
focus on the applicability of supervised machine learning for predicting the performance of

the students due to their motivation factors.

Exploratory Factor Analytic Procedures

Principal component analysis and factor analysis are methods of reducing a data
set of intercorrelated data into smaller subsets, called “components” or “factors”.®
Principal component analysis (PCA) is generally accepted as the better method for
exploratory studies due to its simplicity. On the other hand, factor analysis (FA) is
generally accepted as the more accurate description of relationships. To explain, there are
three different types of variance in data®:

(1) Common (shared) variance: a variance that is shared by two or more factors,

which is assumed to be reliable

(2) Specific (unique) variance: a variance that is specific to a single variable, which

is assumed to be reliable

(3) Error variance: variance that is out of the control of the researcher, which is

assumed to be unreliable.

PCA accounts for all of the variance in a data set. FA only uses the common variance

between the factors.
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The goal of a factor analysis is to produce a simple structure, in which each of the
variables only load highly onto a single factor. In order to achieve this, it may be necessary
to apply a rotation. Orthogonal rotation redefines the linear combinations of the factors
while maintaining independent factors. The most common form of orthogonal rotation is a
varimax rotation as it simplifies the factors by maximizing the variance of the squared
factor loading. There also exists an oblique rotation, which is applied if the factors are
correlated with one another.® Pedhazur and Schmelkin suggest applying both types of

rotation to a data set to ensure that an orthogonal rotation will be sufficient.”?

Internal Review Board Approval

This study involves using students as the experimental subjects. This requires
approval through the Institutional Review Board (IRB) at Florida Institute of Technology.
The paperwork ensures that the study is safe to all participants. The initial IRB
documentation was approved in the Fall of 2013 to obtain the freshman cornerstone data
the following year and in Fall 2016. An additional IRB form with necessary changes was
approved in the Fall of 2018 to obtain the senior capstone data. A copy of the most recently
submitted IRB form, and the approval is included in Appendix B

IRB Application and Approval.
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Chapter 5
Studies Completed

The study is performed using quantitative and qualitative input from a longitudinal
cohort of students. The quantitative data is collected through the use of a modified version
of Pintrich’s MSLQ at three instances in time: the beginning of the fall semester of the
student’s freshman year, the beginning of the fall semester of the students’ senior year and
the end of the spring semester of the students’ senior year. The qualitative data was
collected in the spring semester of the students’ senior year, after the conclusion of the
senior capstone design course. The qualitative data serves to further explain the students’
performances.

Quantitative and qualitative results are used to further explore the impact of
student motivation on their performance in senior capstone design courses. The study also
examines the student’s motivation factors with regard to their demographic information.
This includes the student’s gender, age, residency (domestic or international), family

income, and the highest degree attained by parents.

Study Subjects

The subjects in this study are all undergraduate students in mechanical engineering
at Florida Institute of Technology. The students were enrolled in the freshman level
cornerstone course Introduction to Mechanical Engineering during the fall of 2014 and

then enrolled in the senior level capstone design course in the fall of 2017-spring of 2018.
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This would follow the typical, four-year trajectory to graduate with a bachelor’s degree in
mechanical engineering.

The data collected for the freshman analysis was obtained in the fall semester of
the students’ freshman year in their Introduction to Mechanical Engineering course. This
data is collected during the second week of classes, before students have begun their design
projects. The demographic information for these students is provided in Table 5. The
freshman year students were 87.7% male and 12.3% female. Approximately 49% of the

population are domestic students, while 51% are international students.

Table 5 — Freshman Demographic Information

Domestic International Total
Males 39 46 85
Females 9 3 12
Total 48 49 97

The data for capstone design was obtained in the fall and spring semesters of the
students’ senior year in their Mechanical Engineering Design 1 and Mechanical
Engineering Design 2 courses. The data was collected during the second week of classes in
the fall semester and during the last week of classes in the spring semester. When the data
was collected for the fall semester, the students were already introduced to their project,
but had yet to start working on it. Students were provided a brief problem statement
describing the challenge they were tasked with addressing. When the data was collected for
the spring semester, the students had already completed their projects and final
presentations/reports. In the senior capstone design course, there are a total of 88 students.

The demographic information for these students is provided in Table 6. The senior

41



students, while 60% of the seniors are international students.

population is 87.5% male and 12.5% female. About 40% of the population are domestic

Table 6 — Senior Demographic Information

Domestic International Total
Males 28 49 77
Females 7 4 11
Total 35 53 88

Quantitative Analysis

The quantitative data collection occurred at three instances in time: the first MSLQ
survey was disseminated at the beginning of the fall 2014 semester, before the students had
begun to work on their cornerstone design projects; the second MSLQ survey was
disseminated at the beginning of the fall 2017 semester, before the students had begun to
work on their senior capstone design projects; the final MSLQ survey was disseminated at
the end of the spring 2018 semester, after the students had completed their senior design
projects.

The MSLQ views five motivation factors: cognitive value, intrinsic value, self-
regulation, self-efficacy, and test/presentation anxiety. Each of these five motivation
factors are compared to the student’s performance in the freshman cornerstone or senior
capstone design course, which is measured through the use of the student grade for that
semester. The student’s demographic information is also taken into consideration to
determine if trends exist within demographics or between demographics. The delta in the

motivation factors is also compared to the change in the student’s performance throughout
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the course sequence. This is again considered with respect to the student’s demographic
information to determine if trends exist within or across demographic groups.

The quantitative data was analyzed using two statistical methods — t-tests and
linear regression — to compare subjects and correlate them to relevant variables. The linear
regression seeks to determine if there is correlation between the hypothesized independent
variables and the dependent variable (student performance). The analysis utilizes Akaike’s
Information Criterion (AIC) to find the best fit model since correlations may be multi-
level.” Paired t-tests are also performed between the student’s fall and spring MSLQ data
for senior design, or the student’s fall freshman cornerstone course and fall senior design
course. Significance is considered to exist at an a<0.05, however, 0<0.10 is maintained for

discussion.

Qualitative Analysis

In order to gain more insight into the motivation factors, there was a qualitative
interview at the end of the senior capstone design sequence. This qualitative study was
performed at the end of spring semester 2018, as the students were finishing up their
respective senior capstone design projects. Each of the nine student teams were requested
to perform a group exit interview regarding their experience in senior capstone design.
Some of the questions inquired to student groups were focused and targeted with regard to
their motivation factors: “Were you motivated to do well in this course? If so, what were
you motivated by?” Other questions were not as direct, but were intended to gain insight
into the student’s choice of senior design teams and future goals: “Do you intend on going

to industry or continuing your education after graduation? Did senior capstone design play
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any role in this?” and “Do you feel more confident in your ability as an engineer having
completed this course?” This interview was implemented to address the secondary goal of
the research to determine whether the student’s qualitative responses could provide further
insight into the variables affecting motivation and performance in design courses.

Each of the qualitative interviews by the nine senior capstone design teams were
transcribed, and the research team individually extracted the codes from the transcriptions.
The result was 69 different codes, each of which were recurring topics from the exit
interviews of the students. A few examples of these codes include “teamwork”, “potential
job opportunity”, “skills”, and “grades”. A coding tree is presented in Appendix C Coding
Tree. This coding scheme is used to correlate recurring topics to motivation factors and
performance in the course. The Cohen’s Kappa coefficient® to measure the agreement of
the author’s codes was calculated to be k= 0.99. Any value of over k = 0.75 is generally
accepted to be excellent™, while some have arbitrarily suggested that a value of k = 0.81-1

as perfect agreement for the model®.
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Chapter 6
Motivation in Senior Capstone Design

Recall the five motivational factors examined were the student’s cognitive value,
self-regulation, anxiety (in the form of presentation anxiety), intrinsic value, and self-
efficacy. The student’s demographic information was also used as a parameter of interest,
including their gender, residency, parent’s highest educational attainment, family income,
and previous education experience.

Using the MSLQ, each of the students in the study self-reported their motivation
levels, using a Likert scale of 1-7, where 1 indicates that the question is “not true to me”
and a 7 indicates that the question is “very true to me”. Each of the grades obtained were
evaluated on a continuous grading scale, from 0-100. The basic scale is shown in Table 7,
below. This is also referenced with the scale that is used by Florida Institute of Technology
to determine the student’s grade point averages. Therefore, a grade of 90-100 signifies an

A.

Table 7 — Numeric Grade Values

Student Grade | Numeric Value GPA
A 100-90 4
B 89-80 3
C 79-70 2
D 69-60 1
F 59-0 0

For the senior capstone design analysis, in order to draw direct comparison, only the

students who completed both of the senior capstone design MSLQ surveys (fall and
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spring), as well as the qualitative exit interview were considered. This reduces the student
cohort size to 80 students. The demographic information for the students is shown in Table
8. In the normalized cohort of students, 87.5% are male and 12.5% are female. The
international population of students is larger than the domestic population: approximately

59% and 41%, respectively.

Table 8 — Senior Comparison Study Subjects

Domestic International Total
Males 27 43 70
Females 6 4 10
Total 33 47 80

Motivation in Senior Capstone Design 1 (Fall 2017)

A linear regression was performed for each of the students in the cohort to
determine which of the five motivation factors of interest impacted their performance
(measured using student’s final grade in the course). The students’ fall grades were found
to be impacted by their intrinsic value and their cognitive value, with significances of
p=0.00509 and p=0.03318, respectively. Figure 1 shows the correlation between the
student’s self-reported intrinsic value and performance for the Fall 2017 senior capstone

design course.
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Figure 1 — Correlation of Senior Fall Performance to Intrinsic Value and Cognitive Value
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It is shown that students with higher intrinsic value earned higher grades in the
course. Recall, the MSLQ surveys were disseminated at the beginning of the senior
capstone course, before the students had begun working on their projects. Therefore,
students entering with a higher self-confidence in their ability and perception of the
importance of senior capstone design performed better than students without. The student’s
cognitive value had an opposite effect on their grades; students with increased ability to
recognize the necessary sequence of tasks required to complete a goal tended to earn lower
grades. Also, it is important to note that the student’s cognitive values were not impacted
by their demographic information, including gender or residency, when entering into senior
capstone design. However, the student’s intrinsic values were impacted by their residency,
with a significance of p = 0.077. While this is greater than the desired p < 0.05, it is

maintained for discussion purposes.

Motivation in Senior Capstone Desigh 2 (Spring 2018)

An AIC analysis was also performed using the spring senior capstone design final
grades and student’s self-reported motivation factors. Again, intrinsic value and cognitive
value were determined to be the primary determinations for the student’s performance. The
impact of cognitive value was found to be further exacerbated by the student’s intrinsic
value. Figure 2 shows the correlation between student performance (measured using course

grades) and cognitive value.
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Residual standard error: 16.81
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Figure 2 — Correlation of Senior Spring Performance to Intrinsic and Cognitive Value

While a p-value < 0.05 was preferred, a p-value < 0.1 is maintained for discussion.
As shown in Figure 2, the student’s cognitive value was significant to p-value < 0.05
(p=0.0412); however, the model p-value was less than 0.1 at a p-value of = 0.07173.
Similar to the fall semester, students with higher cognitive value earned a lower grade in
the course.

Interestingly, the research identified that the student’s performance was
significantly related to the student’s residency for the spring semester of senior capstone
design. This is shown in Figure 3 below. The domestic students performed significantly

higher (p=0.005) in the spring semester than the international students.
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Residual standard error: 8.955
F-statistic: 8.35
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Figure 3 — Comparison and Correlation of Mean Grades to Residency

Changes in Motivation and Performance over the Course of
Senior Capstone Design

The linear regression model for the change in motivation and performance between
the fall and the spring semesters showed that the change in the students’ grades were
impacted by the change in their intrinsic value. Figure 4 shows the relationship between the

change in grade from the fall to spring semesters and the change in intrinsic value.
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The model p-value = 0.0336. The trend line shows students that performed poorly
in the spring semester of senior capstone design saw a decrease in intrinsic value.
However, it is peculiar to note that only students that exhibited an increase in intrinsic
value were the students that had a minimal change in their grade between the fall and
spring semesters; most students experienced a decrease in intrinsic value, even if their

grades increased significantly between the fall and the spring semesters.
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Coefficients  Standard Error  t Stat P-value
Intercept -0.0352 0.1315 -0.268 0.7894
Intrinsic 0.3152 0.1457 2.163 0.0336

Residual standard error: 0.8266
F-statistic: 4.679
Model p-value: 0.0336

Figure 4 — Correlation between Changes in Course Grade to Changes in Intrinsic Value
between Fall and Spring Semesters
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Qualitative Analysis

To supplement the quantitative study results, an exit interview was performed with
each of the senior capstone design teams. The students were asked a total of 19 questions,
in an open-floor, interview type format. The students were instructed to be as specific as
possible in their answers. These were subsequently coded using qualitative transcripts to
identify recurring factors contributing to the students’ motivations and performances. The
students were also provided with contact information for the principal investigator, in the
event that they were uncomfortable disclosing information in front of the other students or
wanted to expand upon their answers outside of the meeting time.

There were 69 unique codes that were realized through the interviews. These codes
were generalized into the following themes: selection, process, and results. The “selection”
theme primarily focused on the entrance into senior capstone design; this included
reasoning behind specific project selections and current and future goals for the students.
The “process” theme explored the period of time during senior capstone design. This
included the student’s challenges and motivation for persistence, as well as the senior
design experience as a whole. Finally, the “results” theme generally looked at the outcome
of senior capstone design, including any skills and reflections by the students. The three
main themes, as well as their sub-themes are shown below in Table 9. This also shows the
occurrence of each of the sub-themes. The count is the total number of times that factor

was mentioned during the exit interviews with the student teams.
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Table 9 — Qualitative Factors

Theme Sub-Theme Count

Personal 87
Previous Experience 21

Selection | Current Goals 19
Future Goals 24
Challenges 15
People 127

Process | Challenges/Motivations 85
Project Requirements 6
Future 15

Results Skills 37
Reflections 152

The qualitative analysis determined that personal goals had a major impact on
student’s project selection. While future goals played a role, it was personal ambitions that
were referenced when detailing why one selected their respective project. When
referencing the process of the design course, students often referenced the personnel
involved, specifically their teammates. The team element of the design experience seemed
to have a significant impact on the students’ perception of the design process. When
discussing the results of the project, students reflected on their decisions and activities
often. The reflection is a positive sign as reflection is often a necessary component of
learning. Students often reflected on what they would do differently or decisions they

made that were later found to be instrumental to their progress.

Discussion of Results

The senior capstone design student’s fall performance was found to be correlated
to their cognitive and intrinsic values (p < 0.05). Likewise, their spring performance was

found to be correlated to their cognitive value which was further exacerbated by their
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intrinsic value; however, the model lacked significance (p = 0.0717); the model is
maintained for discussion at a p < 0.1. The student’s intrinsic value is their confidence in
completing the task at hand and their recognition of its significance for their learning. The
students that recognized the significance of the course tended to outperform the students
that do not. The student’s cognitive value is their ability to recognize the sequence of tasks
necessary to complete a goal. Students exhibiting higher cognitive value levels received
lower scores in both semesters of senior capstone design.

An interesting finding was that the student’s fall performance was not affected by
their demographic information; however, their spring performance was impacted by their
residency, with significance. The domestic students received higher grades in the spring
than their international counterparts. Studies have identified that social integration can be
problematic for international students;**°¢ this includes language barriers that may exist,
making it difficult for them to understand colloquial English in informal environments.>%¢°
This is challenging for the students, especially in a group environment such as senior
capstone design. Likewise, studies have shown that the international students have a
difficult time succeeding in courses requiring the students to give formal presentations,
which is true in senior capstone design.?****” During the qualitative data collection,
international students often cited the nontraditional mode of course presentations instead of
traditional course learning modes (sitting in class or laboratory). Further, international
students expressed concern that their limited English-speaking ability may adversely affect
their team.

It was also found that the student’s intrinsic value decreased overall from the

beginning of the fall semester of senior capstone design to the end of the spring semester of
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senior capstone design. A t-test comparison was performed to observe the change in
intrinsic value between the fall and the spring semester of capstone design. As detailed in
Table 10, the intrinsic value decreased significantly from approximately 6.19 to 5.55to a

p-value < 0.0001.

Table 10 — Intrinsic Value Paired T-Test Results

Intrinsic Value Fall  Spring
Mean 6.1889 5.5472
Standard Deviation ~ 0.4108 0.4559

Pearson Correlation  0.5309

t Stat 8.9935
p-value 1.0e-13
t Critical 1.9905

In addressing the research question l.a- Does a correlation exist between
motivational factors and student success during each semester of senior capstone design
(fall and spring)?- a positive correlation exists in each of the semesters, where an increased
intrinsic value indicates increased performance. This correlation is significant in the fall
semester, but insignificant during the spring. A negative correlation exists between the
student’s cognitive values, where an increased cognitive value results in a lower
performance for both fall and spring semesters.

The student’s change in motivation levels was observed with respect to the change
in their final grades between the fall and spring semesters of senior capstone design. It is

found that the change in the student’s intrinsic value was correlated to the change in their
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grade (p < 0.07127). However, as discussed, the students’ intrinsic values decreased with
significance between the fall and spring semesters of senior capstone design.

In addressing research question Lb - Does a correlation exist between motivational
factors and the change in student success over the course of the two semester senior
capstone design course? - the change in intrinsic value between the two semesters is
correlated to the change in final grade of the cohort. While this correlation was found to be
significant, many of the students experienced a decrease in intrinsic value. The only
students that experienced an increase in intrinsic value did not see a change in grade
between the fall and the spring semesters.

The qualitative exit interviews identified 69 unique codes that were segmented into
a tree with the three overarching themes being:

= Selection - prior to entering senior capstone design,

= Process - during the process of senior design, and

= Results - goals and factors at the completion of senior design capstone design.

Selection saw the students most concerned with their personal goals, having an occurrence
of 87; process was heavily dependent on the people sub-themes with an occurrence of 127;

results were influenced by reflections with an occurrence of 152.

Selection- The personal goals identified by the students included the subcategories of:

Desirability of project

» Interest in project

Competition project

Industry project
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= Confidence
= Desire to design

= Desire to help

Entering into senior capstone design, the students were primarily concerned with their
choice of project. This included their desire and interest in their project choice, including
their choice of participating on a competition or industry sponsored project. The students
also identified their desire to help and design. These results are consistent with the
quantitative results from the prior semester, indicating the student’s performance was
impacted by their intrinsic motivation. The students recognized the importance of the task
at hand and were confident in their abilities to complete their project. The students that
indicated that project choice was important generally spoke of the prospective impact of
their project. For example, many of the industry teams indicated that their project choice
was based off of the possibility of getting a job with that company post-graduation. The
students were cognizant that their performance in the course and on their project could

successfully result in a career with that company.

Process- The people subcategory included a multitude of subdivisions that were grouped
into:

= University resources

= External resources

= Team
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The university resources included personnel within the department (the professor and the
graduate student assistants), the machine shop instructors, and our student design center’s
assistants. External resources were identified by the industry sponsored teams as their
appointed industry representative. The team category specifically looked at the members of

the team and their skillsets, team dynamics, and communication.

Results- The reflections subcategory of results included the subcategories of:
= Good experience/consistent project choice
» Learning
= Application of previous courses
»  Graduate school motivation
= Success on other teams
=  Change of project choice

= Desire for prerequisites

At the conclusion of senior design, many students indicated that they had a positive
experience and had felt that they had learned many skills throughout the course of senior
design. Moreover, students indicated they would choose the same project again if they
were to do it again. Students recognized the need to apply their previous coursework
during to ensure successful project completion. Some students indicated their desire to
attend graduate school due to their experience in senior design. Also, some students
indicated that they were confident that they could have been successful on any other senior

design team having acquired the necessary skills.
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On the other hand, some students indicated that they felt that they would have been
more successful on a different senior design team and would change their project choice if
they were given the chance to start senior design over again. A few students indicated that
there should be additional introductory and prerequisite courses required before entering
into senior capstone design because they felt that they were ill-prepared for the
professional standards needed to succeed. It is hypothesized that responses such as these
could be an indication as to why the student’s intrinsic value decreased over the two
semester sequence. The students entered senior capstone design confident in their ability to
complete their design challenge and perform at an industry level. The experience of senior
design allowed for the students to reflect on their strengths and weaknesses, and identify
possible areas of improvement in their skills; this includes technical skills and
competencies as well as professional skills and competencies.

In addressing research question l.c - Can qualitative data collected via a team
interview format provide insight into specific variables impacting student motivation and
performance in senior capstone design? - the qualitative student interviews provide insight
into the quantitative results, such as the decrease in intrinsic value between the two

semesters of senior capstone design.
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Chapter 7
Longitudinal Changes in Motivation and
Performance

For the longitudinal component of the study (fall freshman to fall senior), to
normalize the result and follow the same cohort of students from freshman to senior year,
all of the outliers were eliminated for the analysis. Effectively, this portion only considered
common students between the cornerstone and capstone course that took both MSLQ
surveys entering into their respective design course. The demographic information for the
students of interest in the study is provided in Table 11. In the normalized cohort of
students, 91% are male, and 9% are female. Moreover, the domestic population of students

is larger than the international population: 56% and 44%, respectively.

Table 11 — Longitudinal Comparison Study Subjects

Domestic International Total
Males 15 14 29
Females 3 0 3
Total 18 14 32

Motivation in Freshman Cornerstone Design

For each of the students examined, a linear regression was performed to determine
which of the five factors correlated to the student’s performance (measured using their
final grade in the course). The student’s motivation entering the course was found to have
little impact on the outcome of the course. However, the student’s gender was found to

impact their performance in the course. While significance is found is p < 0.05, p-values of
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0.1 or lower are maintained for discussion. The student’s gender was found to impact their

grade to a significance of p= 0.1, as shown below.

100
95
90
85 83.51

80

77.35

75

Final Grade

70
65
60

55

50

H Males

® Females

Male

Female

Course Grade 83.51+6.43
Comparison p-value: 0.0004708

Coefficients  Standard Error

77.35+8.85

t Stat P-value

Intercept 77.35 3.494
Gender 6.157 3.735

Residual standard error: 6.988
F-statistic: 2.717
Model p-value: 0.100

22.14 2e-16
1.648 0.100

Figure S — Comparison and Correlation of Mean Grades to Gender

There is overlap in the standard deviation of the grades between the two genders. Recall

that the sample size for females in the normalized cohort is only three. Therefore, it is

difficult to conclude that gender is a driving factor behind performance in freshman

cornerstone design.
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To further examine the student’s performance with respect to the five motivation
factors, the data was grouped into 5 different levels. Each of the grades were correlated to a
numeric value as shown in Table 12 below. This is the same scale that is used by Florida
Institute of Technology to determine the student’s grade point averages. Therefore, a grade

of 4 signifies an A.

Table 12 — Numeric Grade Values

Student Grade Numer.lc Value
Assigned
A 4
B 3
C 2
D 1
F 0

The AIC analysis using the chunked data determined that anxiety and residency
had the greatest correlation to student performance in the cornerstone course (model p-
value = 0.08769). The student’s final grades were found to be negatively impacted by the
student’s anxiety levels. Figure 6 shows the correlation between the student’s self-reported

anxiety and their performance in the course.
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Coefficients  Standard Error  t Stat P-value

Intercept 3.57553 0.36173 9.885  8.58E-11
Freshman Anxiety -0.15416 0.08048 -1.916 0.0653
Residency -0.45919 0.28187 -1.629 0.1141

Residual standard error: 0.7801
F-statistic: 2.65
Model p-value: 0.08769

Figure 6 — Cornerstone Grade vs. Freshman Anxiety Levels

It is observed that students who possessed lower levels of anxiety earned higher
grades in the course. It is interesting to note that the MSLQ was disseminated at the very
beginning of the cornerstone design course, before the students had submitted any
assignments. Thus, there were students who, prior to any course relevant assignments,
possessed higher levels of anxiety.

The correlation between the student’s performance and their anxiety levels was
found to be further exacerbated by their residency. The international student population

exhibited higher levels of anxiety at the beginning of the course than the domestic students.
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Freshman Motivation on Senior Performance

Motivation is a dynamic, multidimensional phenomena that impacts performance
over time. However, for the longitudinal cohort of 32 students, the students’ freshman
cornerstone motivation was compared to the students’ senior capstone design grades. It
was examined to determine whether students exhibiting higher motivation at the beginning
of their first semester of collegiate study carry that through their four years of study.

It was found that the student’s intrinsic value and self-efficacy impacted their

performance during their first semester of senior capstone design, with significance.
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Figure 7 — Cornerstone Motivation vs. Senior Performance
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Students exhibiting higher intrinsic value and higher self-efficacy during their first
semester of collegiate study tended to perform better in their senior capstone design course.
Freshman intrinsic value is found to impact senior performance to p=0.0205, while
freshman self-efficacy is found to impact senior performance to p=0.0245. The model p-
value is found to be 0.055; while this is higher than the desired p < 0.05, it is maintained

for discussion.

Longitudinal Changes in Motivation and Performance (Fall
2014 - Fall 2017)

The student’s change in performance is examined with respect to the student’s
demographic information, freshman year motivation factors, senior year motivation
factors, and calculated deltas in motivation levels between the student’s freshman design
course and senior design course. The student’s change in grade was correlated to the
student’s residency (domestic or international student); however, there is minimal
correlation realized between changes in motivation factors to changes in grade. Rather, it is
realized that residency is most correlated to changes in performance. Consider Figure 8,
which illustrates the grades of domestic and international students in the cornerstone and

capstone courses.
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Figure 8 — Cornerstone and Capstone Design Grades for International and Domestic
Students

When comparing the differences in students over the course of the four years, the domestic
students generally make more improvements than their international counterparts. As seen
in Figure 9, the domestic population made greater strides in improving their grades
between cornerstone and capstone, compared to international students; however, this

correlation was realized to a p = 0.1 and therefore only maintained for discussion.
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Figure 9 — Residency vs. Change in Grade

Since the same cohort of students is measured both during their freshman
cornerstone and senior capstone courses, t-tests are performed on their response data to
determine if significant changes are encountered in their motivational factors. Again, this
data only considers the students who completed the survey during both their freshman and
their senior year (n=32). As shown in Table 13, the average anxiety of the senior class

only decreased slightly from that of the freshman class.
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Table 13 — Anxiety Paired T-Test Results

Anxiety Freshman Senior
Mean 3.37 2.92
Standard Deviation 1.7757 1.2402
Pearson Correlation 0.1352
t Stat 1.2447
p-value 0.2226
t Critical 2.0395

The anxiety levels decreased about 0.44 points during senior year, but this is not found to
be statistically significant (p = 0.22). Therefore, the students still have similar anxiety
during their senior year, but do not allow it to dictate their performance in senior capstone
design. On the other hand, the student’s intrinsic motivation showed a significant increase
between their freshman and senior year design courses, as shown in Table 14. The average

intrinsic value increased over 0.65 points, with a significance value of p <0.01.

Table 14 — Intrinsic Value Paired T-Test Results

Intrinsic Value Freshman Senior

Mean 5.50 6.16
Standard Deviation 1.2706 0.6097
Pearson Correlation 0.2120
t Stat -2.8832
p-value 0.0071
t Critical 2.0395

Discussion of Results

Since the use of continuous grading (0-100 scale) did not show any correlation
between motivation and performance in the cornerstone design class, the students were

clustered into an A-F rating system to further explore whether motivation could be used to
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remotely predict performance during the students’ freshman studies. Through this method,
the freshman design students’ performance was found to be significantly impacted by their
anxiety levels starting out their degree program to a significance of p < 0.1. One such study
found that inadequate preparation in high school affected 40% of STEM students.”® This
lack of preparation could increase the student’s anxiety entering university, affecting their
performance. The performance and anxiety was found to be further exacerbated by their
residency. Namely, international students exhibited higher levels of anxiety in the design
course than the domestic students. As previously outlined, this could be due to their
transition into not only university life, but also into a whole new cultural experience. The
students feel a higher level of anxiety having to integrate into their environment
academically, as well as socially.

Also, the cornerstone design course at Florida Institute of Technology is conducted
in a team environment, featuring multiple mini group projects relating to the material
throughout the course. Some international students do not have previous exposure to group
projects when entering a U.S. institution. A study conducted at Newcastle University
observed first year, international engineering students through their design project
experience. 67% of the students observed indicated that their previous schooling did not
encourage group work, rather it was intended to be an individual effort in a competitive
environment.®” While most of the international students surveyed indicated that the group
project environment was beneficial to their learning, some noted difficulties that led to a
negative project experience. These included feelings of exclusion, language barriers, and
self-critique.®® In addressing research question Il.a — Does a correlation exist between

motivational factors and student success in Freshman Cornerstone Design? - it is found
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that a negative correlation does exist between student success and anxiety in freshman
engineering. This relationship is further exacerbated when considering international
students.

The students’ freshman level motivation factors were also examined with respect
to their senior capstone design (Fall 2017) grade. The goal was to determine whether
students entering university exhibiting certain motivation characteristics would perform
better in their higher level engineering curriculum. It was found that the students’
performance in their senior capstone design was correlated to their freshman level intrinsic
value and self-efficacy, with significance. This means that students entering university with
a higher self-confidence and comprehension of reasoning for completing a task performed
better at the end of their degree program. In addressing research question I.b — Does a
correlation exist between motivational factors and student success in Senior Capstone
Design? - a positive correlation exists between both intrinsic motivation and student
success, as well as self-efficacy and student success. However, correlation does not
necessarily imply causation, especially when viewing data from two points in time that are
four years apart.

The change in the student’s performance throughout their student design courses
was found to be impacted by their residency as opposed to any specific motivational
factors. While the t-tests do show some interesting findings that could explain this
phenomenon, in addressing research question Il.c — Does a correlation exist between
changes in motivational factors and student success in senior capstone design for the same
cohort of students? - it is identified that no motivational factor changes correlate to

changes in student success between both courses. However, in retrospect, this is a
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multidimensional problem, and many changes occur for a student between freshman and
senior year that it cannot be left to motivation alone to realize a correlation. Further, the
course expectations were different, course instructors were different, and students who
made it to capstone design survived the rigors of the engineering curriculum. Thus,
changes in motivation could almost be expected, but do not necessarily have to correlate to
the changes experienced in course performance.

During cornerstone design, the students’ grades are correlated to the students’
anxiety levels, whereas in capstone design the students’ grades are highly correlated to
their intrinsic values, cognitive values, and views on the contribution of the course to their
learning endeavors. In examining this further, the t-tests revealed that student anxiety
decreased (though not statistically significant) and intrinsic motivation increased
(statistically significant). Best explained, there is an unusual paradigm shift whereby
student anxiety does not significantly decrease, but students allow their performance to be
dictated by their intrinsic motivation rather than their anxiety. While the students stay
anxious regarding the design effort, their confidence prevents the anxiety from impacting
their performance. This happens so much so that, while anxiety does not decrease between
the start of cornerstone design and the start of senior design, their intrinsic value takes
over.

A model by Tobias made an interesting observation regarding changes in anxiety.
Tobias found that students with higher anxiety performed more poorly due to the anxiety
interfering with their ability to retrieve the necessary information. However, students

exhibiting higher cognitive values combat this anxiety and prevent the anxiety from
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interfering with their performance.’®* To explore this, Table 15 shows the students’

increase in cognitive value was significant to p < 0.05.

Table 15 — Cognitive Value Paired T-Test Results

Cognitive Value ~ Freshman Senior

Mean 4.88 5.17
Standard Deviation 0.6545 0.6372
Pearson Correlation 0.2734
t Stat -2.0948
p-value 0.0445
t Critical 2.0395

Pintrich found that students with higher anxiety levels exhibited lower cognitive values.”
However, higher cognitive ability did not directly result in higher performance. Rather, the
student needed to have a high cognitive ability and the intrinsic motivation to properly
apply the cognition.'>®

Though the student’s anxiety does not significantly change between the start of
freshman and senior capstone, the student’s cognitive and intrinsic values were shown to

increase with significance. The combination of these two factors could combat the

student’s anxiety, allowing their performance to increase.
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Chapter 8
Impact of Motivation on Persistence in Mechanical
Engineering

The third research question addresses the impact of motivation on student
persistence in mechanical engineering at Florida Institute of Technology. This will focus
on different cohort groups of students, as outlined in the subsequent sections.

Recall, the total cohort for the freshman cornerstone design course, shown in Table
16. The freshman year students were 87.7% male and 12.3% female. Approximately 49%

of the population are domestic students, while 51% are international students.

Table 16 — Freshman Cornerstone Demographics

Domestic International Total
Males 39 46 85
Females 9 3 12
Total 48 49 97

Impact of Motivation on Persistence

The impact of student motivation was measured with respect to the student’s
persistence. Here, we define persistence as the completion of their degree in mechanical
engineering at Florida Institute of Technology. It is also important to note that the students
will be broken into two groups: “persisters” and “non-persisters”. The persisters consist of
students that completed the freshman cornerstone survey in Fall 2014 and have since (at

any point in time) graduated with a bachelor’s degree in mechanical engineering from

74



Florida Institute of Technology. The non-persisters are the students that completed the
freshman cornerstone survey in Fall 2014 and thereafter did not graduate with a degree in
mechanical engineering. Some of the non-persisters have been identified to have changed
their major or transferred to another department, transferred to another university, or
exercised full attrition from university. The demographics for the persisters and the non-

persisters are shown in Table 17 and Table 18, respectively.

Table 17 — "Persisters" Demographics

Domestic International Total
Males 21 27 48
Females 4 0 4
Total 25 27 52

Table 18 — "Non-persisters' Demographics

Domestic International Total
Males 18 19 37
Females 5 3 8
Total 23 22 45

A linear regression was performed to determine the impact of motivation on
success of each of these groups. “Success” is determined by the student’s final grade in
freshman cornerstone design.

The AIC analysis found that the persisters’ grades were correlated to their self-

regulation motivation factor to a p < 0.05. However, it is interesting to note that the
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students with higher levels of self-reported self-regulation generally received lower final

grades in the course. This is shown in Figure 10 below.
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Coefficients  Standard Error  t Stat P-value
Intercept 101.53 9.076 11.19  3.22e-15
Self-Regulation -4.774 1.986 -2.404 0.020

Residual standard error: 9.791
F-statistic: 5.78
Model p-value: 0.0199

Figure 10 — Persisters' Self-Regulation versus Final Grade

Recall, self-regulation is described as the student’s ability to structure themselves
to complete a goal. Therefore, students that perceived themselves as poor at organizing
themselves to complete a goal actually performed better throughout the course than those
that believed that they were capable.

In examining the group of non-persisters, their final course grades were highly

correlated to their anxiety levels, to a p < 0.005. Students exhibiting higher levels of

76



anxiety in their introductory course received lower final grades. This is shown in Figure 11

below.
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Figure 11 — Non-Persisters' Anxiety versus Final Grade

Recall, the MSLQ survey is disseminated just a few weeks into the freshman level
course, before the students have submitted many assignments or taken any exams.
However, these students still exhibit a large amount of test anxiety in the course that has a
negative impact on their grades. This could be due to the uncertainty of expectations of

collegiate coursework and examination.
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Impact of Motivation on Trajectory

This research also seeks to explore whether student motivation has any impact on
their trajectory through university. While Introduction to Mechanical Engineering is
intended to be a first semester, freshman level course, some students do not necessarily
follow the standard trajectory through university. This can be the case for students that
transfer into the university from other schools or students that are unable to take the course
their first semester. Students that completed their freshman level cornerstone surveys in the
Fall of 2014 would (on a standard trajectory) complete their senior level capstone surveys
in the Fall of 2017 & Spring of 2018. However, of the respondents to the cornerstone
survey, capstone responses were recorded during the 2015-2016, 2016-2017, 2017-2018,
and 2018-2019 academic years.

Table 19 outlines the demographic information for the students that completed the

capstone surveys during the 2015-2016 academic year.

Table 19 — Fall 2015 Demographic Information

Domestic International Total
Males 2 0 2
Females 0 0 0
Total 2 0 2

The Fall 2015 students both transferred into Florida Institute of Technology and effectively
took the freshman level Introduction to Mechanical Engineering at the beginning of their
junior year. There is no correlation found between motivation factors and success in the

course. This is due to the fact that the sample size is too small to compute (two students).
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Table 20 shows the demographic information for the students that took their senior

capstone surveys during the 2016-2017 academic year.

Table 20 — Fall 2016 Demographic Information

Domestic International Total
Males 0 9 9
Females 0 0 0
Total 0 9 9

All nine students were international males. The students’ final grades in their cornerstone
design course were found to be correlated to their anxiety levels, with a significance of p <

0.05. This is shown in Figure 12.
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Figure 12 — Fall 2016 Anxiety vs. Grades

Students in this group that exhibited higher levels of anxiety received lower final grades in

their cornerstone design class. The sample size is still very low (only 9 students total).
Table 21 shows the demographic information for the students that completed their

capstone course during the 2017-2018 academic year. This group has the largest sample

size, as these students would have followed a standard, four-year trajectory.
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Table 21 — Fall 2017 Demographic Information

Domestic International Total
Males 18 17 35
Females 3 0 3
Total 21 17 38

Of the students in this group, 92% were males (51% domestic and 49% international) and
8% were domestic females. The AIC analysis for the standard trajectory students showed
no correlation between their motivation factors and their final grades in their cornerstone
course.

Table 22 shows the demographic information for the students that completed their
capstone design surveys during the 2018-2019 academic year. These students would have

followed a five-year trajectory to graduation.

Table 22 — Fall 2018 Demographic Information

Domestic International Total
Males 1 1 2
Females 1 0 1
Total 2 1 3

This group consisted of three students: one domestic male, one international male, and one
domestic female. Again, this sample size is too small to find correlation between
motivation factors and student performance in cornerstone design.

Due to many of the sample sizes being too small to correlate, the data is parsed
into larger groups consisting of the “standard trajectory” students and the “non-standard

trajectory” students. Therefore, the students that took their Freshman level Introduction to
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Mechanical Engineering course in the Fall of 2014 and their senior level capstone course in
the Fall of 2017-Spring of 2018 (four total years to graduation) versus the rest of the
freshman sample.

Recall, the motivation factors did not correlate to student performance for the
standard trajectory students. However, it was found that the non-standard trajectory
students’ success was correlated to their anxiety, which was further exacerbated by their

self-regulation. The model p-value < 0.005.
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Figure 13 — Non-Standard Trajectory Results
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The students’ anxiety shows correlation to a p-value < 0.005 while the students’ self-
regulation p < 0.1 is maintained for discussion. Students exhibiting lower levels of anxiety

at the beginning of the cornerstone course earned higher final grades at course conclusion.

Motivation in Transfer Students

In examining the data regarding the motivation of students that transferred into the
university versus those that did not, the student’s senior MSLQ data was used. This is done
because transfer students tend to perform poorly in their higher level courses compared to

students that enter university at the freshman level™

or take longer to graduate than those
that begin their program and finish their program at the same university.”

In order to draw direct comparison, only the students who completed both MSLQ
the senior capstone design MSLQ surveys (fall and spring), as well as the qualitative exit
interview were considered. The demographic information for the transfer students is shown
in Table 23. The non-transfer students account for 72.5% of the senior class, while 27.5%

of students transferred into Florida Institute of Technology. Of the transfer students, 81.8%

were males and 18.2% were females. The non-transfer students were 89.7% males and

10.3% females.
Table 23 — Senior Comparison Study Subjects
Transfer Non-transfer Total
Males 18 52 70
Females 4 6 10
Total 22 58 80
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Three different sets of data are examined for the transfer and non-transfer students: the
students’ senior fall MSLQ data, the students’ senior spring MSLQ data, and the delta

between senior fall and senior spring.

Transfer Student Performance

The transfer students’ motivation was examined with respect to their senior fall
MSLQ data and it was found that transfer students’ motivation was correlated to their
intrinsic value, with significance. As shown in Figure 14, students that exhibited higher
levels of intrinsic value at the beginning of their fall semester earned higher grades

throughout the fall semester than students with lower levels of intrinsic value.
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45.026 19.292 2.334 0.0307
3.118 2.230 0.0380

Intercept
Intrinsic Value 6.954

Residual standard error: 9.211
F-statistic: 4.973
Model p-value: 0.0380

Figure 14 — Transfer Student Fall Performance

While the transfer students’ intrinsic value drove their success during the fall
semester of capstone design, there was no correlation discovered between the transfer

students’ motivation factors and performance in the spring semester of capstone design.

There was also no correlation to report between the delta for the motivation factors and the

delta for student performance across the yearlong capstone course.
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Non-Transfer Student Performance

The non-transfer students’ performance was also examined with respect to their
motivation for the fall, spring, and delta values in capstone design. Figure 15 shows the

correlation between the non-transfer students’ fall performance and self-efficacy.
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Cognitive Value -4.348 2.191 -1.984 0.0521

Residual standard error: 8.569
F-statistic: 2.882
Model p-value: 0.0642

Figure 15 — Non-Transfer Fall Performance

The students’ performance is found to be correlated to their self-efficacy to p <0.05, which
is further exacerbated by their cognitive value to p <0.1. The model p = 0.0642, which is

greater than the target p < 0.05, but maintained for discussion as p <0.1.
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The non-transfer students’ spring performance was also found to be correlated to
their motivation in the course. The students’ grades were now directly correlated to their

cognitive value, which is further exacerbated by their intrinsic value, as shown in Figure

16.
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Coefficients  Standard Error  t Stat  P-value
Intercept 87.437 19.216 4.550  2.85e-05
Cognitive Value -7.367 3.413 -2.159 0.0351
Intrinsic Value 7.456 4.011 1.859 0.0682

Residual standard error: 16.49
F-statistic: 2.684
Model p-value: 0.07693

Figure 16 — Non-Transfer Spring Performance

The students’ cognitive value is correlated to a p < 0.05, with a model p-value < 0.1, as
maintained for discussion. Interestingly, students with higher cognitive values earned
lower grades in the course. It is also important to note that the students’ delta values for

motivation and performance were found to have no correlation.
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Discussion of Results

The results show that the persister’s performance in their freshman design course
was determined by their self-regulation and the non-persister’s performance was
determined by their anxiety, both with significance. It is peculiar to note that the persisters
with higher self-regulation values received lower grades in the course. This could be due to
the inherent uncertainty and creativity required to complete the design process. While
design has formalized methods with structured approaches, there exists some uncertainty in
design. Design does not have a single “right answer”, which could be a challenge to
students that thrive off of structure and process. For the non-persisters, anxiety dictated
their performance in the course. Higher levels of anxiety resulted in lower final grades.

In order to further explore motivation differences between the persisters and the
non-persisters, t-tests were conducted to determine whether there existed a statistically
significant difference in motivation between the two groups. None of the motivation
factors showed a statistically significant difference between the two groups; however, there

was a statistically significant difference in the students’ grades, as shown below.

Table 24 — Grade T-Test Results

Grade Persisters Non-Persisters
Mean 79.96 72.68
Standard Deviation 10.24 10.60
t Stat 3.437
p-value 0.0008
t Critical 1.985
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The average grade in Introduction to Mechanical Engineering for the students that
persisted through their undergraduate education in mechanical engineering was a 79.96,
whereas the students that did not persist had an average grade of 72.68. The difference was
statistically significant, to a p <0.001.

Again, self-regulation and anxiety were shown to be the two determining factors
for the persisters and non-persisters, respectively. However, there was not a statistically
significant difference in the anxiety of the persisters and the non-persisters (p = 0.25) or the
self-regulation of the persisters and the non-persisters (p = 0.43). The other three factors
were also tested for comprehensiveness and were found to not have a statistically
significant difference between the two groups.

In addressing research question Ill.a — Is there a statistically significant difference
in the motivation of persisters compared to non-persisters? - each groups’ performance
was found to be dictated by a different motivation factor; however, there was not a
statistically significant difference in motivation between the two groups.

Examining the student’s motivation and performance based on their trajectory
proved to be difficult due to some sample sizes and differences in student experience
between groups. The 2015-2016 and 2018-2019 academic year seniors had too small of a
sample size, with two and three students, respectively. The 2016-2017 academic year
group’s performance was found to be impacted by their anxiety. Students exhibiting higher
levels of anxiety earned lower final grades in their cornerstone design course. While the
sample size was small (nine students), the results were found to be significant. Peculiarly,
the 2017-2018 academic year students — the students that followed a standard, four-year

trajectory for the undergraduate curriculum — were found to have no correlation between
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their motivation and performance in their freshman cornerstone design course. Table 25

shows the average motivation values for each of the academic years.

Table 25 — Average Motivation Values by Academic Year

, Cohort Cognitive Self- . Intrinsic Self-
Academic Year Size I;:;zlue Regulftion Anxiety Value Efﬁcicy
2015-2016 2 4.792 4.722 2.250 5.444 5.778
2016-2017 9 5315 4.827 5.111 5.704 5.642
2017-2018 38 4.950 4.453 3.601 5.613 5.159
2018-2019 3 5.222 4.519 5.833 6.259 4.296
Non-persisters 45 5.102 4.625 4.289 5.378 4.874

While the samples sizes may be too small to find significance through statistical
testing, it is interesting to note some of the differences in means between the cohorts of
students. The cognitive values, self-regulation values, and intrinsic values are relatively
consistent across all student groups in their freshman cornerstone design course (no greater
than 1 point). However, the anxiety and self-efficacy values differ by academic year. The
students that are furthest along in their degree (2015-2016 academic year) exhibit the
lowest anxiety levels. This could be due to the fact that the students that are furthest along
in their degree know the reduced course load to completion of their degree and therefore
are less anxious about the remainder of their studies. The students that followed the
standard, four-year trajectory exhibit the second lowest anxiety levels (2017-2018
academic year). This could be due to the fact that the students are just beginning their
academic journey, but are confident in their abilities. Conversely, on average, student’s
self-efficacy levels are higher when the students are closer to graduation, with the students

completing a five year trajectory exhibiting the lowest self-efficacy.
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When the data was parsed into two larger groups (standard trajectory versus non-
standard trajectory) to mitigate the effects of insufficient sample size, it was found that the
students that followed a non-standard trajectory had a correlation between their
performance and anxiety levels, which was further exacerbated by their self-regulation; the
students that followed a standard trajectory did not show correlation between motivation
and performance. Therefore, t-tests were performed to examine whether there were
significant differences between the standard and non-standard trajectory students’ average
motivation factors. The student’s anxiety differed, with significance, between the two

groups; this is shown below in Table 26.

Table 26 — Standard vs. Non-Standard Anxiety T-test

Anxiety Standard Non-Standard
Mean 3.601 4.857
Standard Deviation 1.736 1.572
t Stat 2.452
p-value 0.018
t Critical 2.008

The students that followed a standard trajectory had significantly lower anxiety
levels than the students that followed a non-standard trajectory to a p < 0.05.

In addressing research question II.b — Does there exist a statistically significant
difference in the motivation of students that followed a standard, four-year trajectory to
those that did not? - the students that followed a non-standard trajectory were found to be
influenced by their anxiety levels. The students that followed a standard, four-year
trajectory were also found to have significantly lower levels of anxiety compared to the

students that followed non-standard trajectories.
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In examining the differences between transfer and non-transfer students during
their senior year, the data was examined for their fall, spring, and delta information across
the two semesters of senior capstone design. The transfer students’ fall performance was
impacted by their intrinsic value, to a model p < 0.05. However, t-tests revealed that there
was not a significant difference between the transfer students’ and non-transfer students’
intrinsic values. This indicates that the transfer students’ performance was dictated by their
perception of the importance of the task at hand, while the non-transfer students’
performance was not. The transfer students may perceive senior capstone design as a more
important factor to their education than the non-transfer students. None of the motivation
factors were found to correlate to the transfer students spring or delta performance values

at a level of significance.

The non-transfer students’ fall performance was found to be driven by their self-
efficacy, which was further exacerbated by their cognitive value. While the model p-value
is higher than desired to prove significance, p = 0.064 < 0.1 was maintained for discussion.
There were no significant differences found in the self-efficacy or the cognitive values of
between the transfer and non-transfer students for the fall semester. However, the impact of
self-efficacy on the non-transfer students’ performance indicates that their performance in
the fall semester is driven by their internal self-confidence or expectations of performance.
Therefore, the non-transfer students may feel more prepared through their three years of
curriculum to take on the challenge of senior capstone design than the transfer students. In
the spring semester, the non-transfer students’ performance was found to be linked to their

cognitive value, which is further exacerbated by their intrinsic value. Again, the model p-
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value = 0.076 < 0.1 is maintained for discussion purposes. In the spring semester, the non-
transfer students were driven by their ability to recognize the necessary tasks, as well as the
sequence of tasks, to complete a successful project. This could be due to the fact that the
students have already overcome the uncertainty in their design and now have a plan to
prototype, test, and build their final product. However, higher cognitive values resulted in
lower final grades in the course. This highlights the difference between cognitive value and
self-regulation. Cognitive value is the student’s ability to recognize the tasks required, as
well as the necessary sequence of tasks, to complete a goal. Even if students are able to
recognize the tasks, it does not necessarily mean that they are able to structure themselves
to complete the tasks; the ability to structure oneself to successfully complete the tasks at

hand is measured through the use of the student’s self-regulation.

In addressing research question Ill.c — Does there exist a statistically significant
difference in motivation between the students that began their education at FIT to those
who transferred into the university? - the performance of the two cohorts of students are
shown to be driven by different motivation factors in each of the semesters; however, the
difference in motivation between the transfer and non-transfer students is not found to be

statistically significant.
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Chapter 9
Discussion and Conclusions

This longitudinal study seeks to examine the effect of student motivation on
success in mechanical engineering design curriculum. The design curriculum of interest at
Florida Institute of Technology includes the students’ freshman-level (cornerstone)
Introduction to Mechanical Engineering course and their yearlong, senior-level (capstone)
design sequence consisting of Mechanical Engineering Design 1 and Mechanical
Engineering Design 2. Student motivation is examined with respect to the students’
performance to determine if any motivation factors correlate to the students’ performance
in the design course. The motivation factors observed in the study are cognitive value, self-
regulation, anxiety, intrinsic value, and self-efficacy. Quantitative data collection, through
the use of the Motivated Strategies for Learning Questionnaire (MSLQ) occurred at three
points in time: the beginning of the student’s freshman cornerstone design course, the
beginning of the student’s fall semester of senior capstone design, and the end of the
student’s spring semester of senior design. Qualitative data was also collected through the
use of capstone team-based exit interviews at the conclusion of the senior design course.

The study addresses three overarching research questions that are each subdivided
into three sub-questions. Table 27 outlines the conclusions of each of the nine research

sub-questions.
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Table 27 — Research Question Results

Question

Does a correlation exist between student motivation and success
within students in engineering design curriculum?

Hypothesis

There will be a correlation between student motivation and success
in engineering design curriculum.

Validation
Approach

Student motivation is measured through the use of the MSLQ tool,
in which students self-report their motivation on a 7-point Likert
scale. The student motivation is analyzed using linear regression
analysis and paired T-test to determine if there are significant
correlations in motivation and success. Qualitative exit interviews
are used to gain further insight into student experiences in capstone
design.

ILa.

Question

Does a correlation exist between motivational factors and student
success during each semester of senior capstone design (fall and
spring)?

Hypothesis

The short term success, or student performance, will be impacted
by student motivation.

Research
Outcome

A positive correlation exists in the fall semester, where an
increased intrinsic value indicates increased performance. A
negative correlation exists in the spring semester, where an
increased cognitive value indicates decreased performance.

Lb.

Question

Does a correlation exist between motivational factors and the
change in student success over the course of the two semester
senior capstone design course?

Hypothesis

The student’s motivation across a single year of academic study
will show correlation to the change in student success, if change in
success does exist.

Research
Outcome

The change in intrinsic value between the two semesters is
correlated to the change in final grade of the cohort. Interestingly,
most students experienced a decrease in intrinsic value, regardless
of their final grade.

I.c.

Question

Can qualitative data collected via a team interview format provide
insight into specific variables impacting student motivation and
performance in senior capstone design?

Hypothesis

Student feedback through the use of a qualitative interview will
provide insight into variables impacting motivation and
performance in senior capstone design.

Research
Outcome

The qualitative student interviews provide insight into the
quantitative results, such as the decrease in intrinsic value between
the two semesters of senior capstone design.
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Does there exist a difference in student motivation throughout the

Question student’s college education?
i Student motivation is dynamic and therefore will change based on
i | Hypothesis o iermal factors throughout the course of the student’s education.
N The MSLQ data will be examined using linear regression and t-
Validation . . .. ..
Approach tests to determine if th?re isa sta.tlstlcally significant change
throughout the student’s academic tenure.
_ Does a correlation exist between motivational factors and student
Question success in freshman cornerstone design?
) There will exist a correlation between motivational factors and
a Hypothesis i dent success in freshman cornerstone design.
It is found that a negative correlation does exist between student
Research success and anxiety in freshman cornerstone design. This
Outcome relationship is further exacerbated when considering international
students.
. Does a correlation exist between motivational factors and student
Question success in senior capstone design?
) There will exist a correlation between motivation and student
Hypothesis  ¢,ccess in senior capstone design, based on preliminary results.
ILb A positive correlation exists between both intrinsic motivation and
Research student success, as well as self-efﬁcacy‘ansi student success.
However, correlation does not necessarily imply causation,
Outcome . L ST
especially when viewing data from two points in time that are four
years apart.
Does a correlation exist between changes in motivational factors
Question and student success in senior capstone design for the same cohort
of students?
Given the extended period of time between freshman cornerstone
Hypothesis  design and senior capstone design, it may be difficult to attribute
success to overall change in motivation.
It is identified that no motivational factor changes correlate to
e changes in student success between both courses. However, in
retrospect, this is a multidimensional problem, and many changes
occur for a student between freshman and senior year that it
Research cannot be left to motivation alone to realize a correlation. Further,
Outcome the course expectations were different, course instructors were

different, and students who made it to capstone design survived
the rigors of engineering curriculum. Thus, changes in motivation
could almost be expected, but do not necessarily have to correlate
to the changes experienced in course performance.
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III

Question

Do 1nitial and final motivation levels correlate to student success
as defined by persistence?

Hypothesis

Motivation is a dynamic, multifaceted phenomena, and therefore it
may be difficult to correlate motivation to persistence in a long
term format.

Validation
Approach

The motivation factors from the MSLQ from freshman
cornerstone design and senior capstone design will be correlated
to the student’s persistence, as defined by the completion of their
degree.

IIl.a

Question

Is there a statistically significant difference in the motivation of
persisters compared to non-persisters?

Hypothesis

There are many factors that affect a student’s retention or attrition
in engineering, therefore it may be difficult to correlate motivation
to persistence.

Research
Outcome

Each groups’ performance was found to be dictated by a different
motivation factor, however there was not a statistically significant
difference in motivation between the two groups.

b

Question

Does there exist a statistically significant difference in the
motivation of students that followed a standard, four-year
trajectory to those that did not?

Hypothesis

There are many factors that affect a student’s trajectory in
undergraduate education, therefore it may be difficult to correlate
motivation to persistence in this format.

Research
Outcome

The students that followed a non-standard trajectory were found to
be influenced by their anxiety levels. The students that followed a
standard, four-year trajectory were also found to have significantly
lower levels of anxiety compared to the students that followed
non-standard trajectories.

Il.c

Question

Does there exist a statistically significant difference in motivation
between the students that began their education at FIT to those
who transferred into the university?

Hypothesis

There are many factors that affect a student’s transfer status;
however, different curricula may have an impact on the student’s
motivation.

Research
Outcome

The performance of the two cohorts of students are shown to be
driven by different motivation factors in each of the semesters;
however, the difference in motivation between the transfer and
non-transfer students is not found to be statistically significant
through t-tests.
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Recommendations

Based on the research findings presented in this work, it is shown that student
motivation has an impact on student performance and persistence in mechanical
engineering design courses. Therefore, the use of the MSLQ survey is recommended to
identify important student motivation factors in each year of mechanical engineering
design curriculum. This will not only allow for identification of relevant motivation factors
for that particular cohort of students, but also allow for an intervention plan to be created to
target specific motivation factors that may be lacking. The intervention plan can include
changes made within the design curriculum to improve student performance.

In examining which of the motivation factors impact students at different points in
time throughout the curriculum, we were able to identify areas of improvement in our
current senior capstone design sequence and implement an intervention plan to improve
student motivation and performance in senior design capstone.'” As an example, a
student’s intrinsic value was found to correlate to their performance in senior capstone
design; however, it was discovered that a student’s intrinsic value decreased significantly
across the two semester senior capstone course. The student’s intrinsic value is their
internal self-confidence and perception of reasoning for participating in a certain task or
course. Therefore, in our intervention plan, we specifically targeted the student’s intrinsic
value through meetings and practice sessions with the graduate student assistants. This
allowed the students to present their work in a more comfortable, less formal setting,
allowing for confidence to be built and corrections to be made without the worry of

negative impacts on their grade. The positive reinforcement provided by the graduate
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student assistants through this small change was found to increase the student’s intrinsic

value and decrease their anxiety throughout the course of senior capstone design.

Limitations

Given the multifaceted nature of this research, limitations exist for each of the
three research questions posed. The first research question focuses on student motivation
throughout the course of a yearlong senior capstone design. One of the primary limitations
was the fact that data was only collected at two instances in time: before the students began
working on their senior capstone design projects and when the course had concluded and
students were finished with their capstone design projects. While this was intentionally
designed to prevent survey fatigue, it may be insightful to include an additional survey
between the two semesters of the course to gather data from the students while they are
fully engaged in their projects. It also may be beneficial to collect qualitative data from the
students at the start of their senior capstone design experience. The qualitative data was
only collected once the students had completed their projects, requiring them to answer
some of the questions in a reflective manner. An additional limitation of the study was the
ability to gather qualitative data from each of the students in the senior capstone design
course. Given the size of the senior capstone design class, it was not possible to schedule
and perform comprehensive individual student interviews. Therefore, the qualitative exit
interviews were administered on a by-team basis. This resulted in nine, thirty minute
interviews with each of the senior design teams. This provides a snapshot of the variables
impacting student motivation and performance. However, some of the students did not get

the chance to participate at all, or did not feel comfortable disclosing this information in
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front of their colleagues. To mitigate these effects, the participants were provided with the
list of interview questions and contact information to send responses; this was intended to
allow for the students to expand upon some of their answers or disclose information in a
private setting. While some students did take advantage of this opportunity, it is not certain
that all possible factors were extracted for review.

The second research question focuses on the student’s freshman cornerstone design
experience and the longitudinal components for the students that followed a standard
trajectory through their undergraduate experience. One of the primary limitations is the fact
that data was only obtained at two instances in time. This is sufficient in examining the
correlation between motivation and course performance in each of the design courses, as
well as the change in motivation levels of a single student between their respective
freshman and senior year; however, this does create some ambiguity for students that do
not follow the standard trajectory. For example, while the students did not exhibit a
significant change in anxiety in their freshman or senior design courses, their anxiety may
have altered significantly throughout the course of their time at the university.
Additionally, the results for this questions were limited by the ability to follow the students
through the degree program. Of the students that began their mechanical engineering
degree when freshman fall data was collected, only 38 of them followed the standard
trajectory of four-year completion. Of these, only 32 completed both surveys for
longitudinal comparisons. Nine of the students completed senior design in the previous
school year, two completed senior design in two years prior to the normal trajectory. Three

students finished their degree in a total of five years. The remaining 45 students have either
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summarized in Table 28.

transferred to a different major or are no longer enrolled at the university. This is

Table 28 — Freshman Student Statistics

Senior Capstone Attendance Number of Students
Standard Projection 38
One year ahead 9
Two years ahead 2
One year behind 3
No longer enrolled 45

The senior class is a similar situation. There are 88 total seniors enrolled in senior capstone
design, with the 32 that followed the standard trajectory. However, it is ambiguous as to
whether the anomalies were freshmen at the university at a different instance in time or if
they were transfer students at something other than the freshman level. This would provide
insight on the impact of motivation on overall performance, as well as retention or attrition
of students from mechanical engineering at Florida Institute of Technology.

With respect to the third research question — further examining student persistence,
trajectory, and transfer status — the limitations are similar to those noted above.
Unfortunately, qualitative entrance interviews were not performed with the freshman
cornerstone design students at the beginning of their cornerstone design experience.
Therefore, we do not have a mixed methods approach to examine the student’s freshman
experience. Additionally, it is difficult to determine where the non-persisters went or when
they decided to no longer pursue mechanical engineering at Florida Institute of
Technology. Studies have shown that typically one-half of student attrition in engineering

occurs during their first year at university. Many others leave during their subsequent
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years, stating the development of disinterest or refocus of interest on other endeavors.!?!
Provided that the data is collected at the beginning of the student’s freshman year, we

cannot determine the reasons for their attrition.

Future Research Direction

In motivation research for design engineering students, there are many avenues to
be explored. The nature of the future direction of this longitudinal research falls primarily
into one of two categories: repeatability or refinement. The repeatability of this research
would focus on further validation of trends through the use of additional longitudinal
studies. Increasing the sample size to multiple classes of students would allow for
improved granularity regarding recurring factors at the freshman/senior levels.
Additionally, future work includes collecting data yearly for each level of university (e.g.
freshman, sophomore, junior, and senior data). The ability to analyze the deltas in
motivation between each year of university study (or multiple instances every year) would
allow for the extrapolation of trends to determine if motivation has an effect on overall
performance and student retention. Student performance is a contributing factor to student
retention; therefore, the ability to realize trends would allow for intervention plans to be
implemented to improve the likelihood of retention for high risk students.

The refinement of the research can be subdivided into refinement of quantitative
analysis and the refinement of qualitative analysis. Historically, the MSLQ has been
proven to identify the level of student motivation in the postsecondary curriculum. The
questions posed can be further developed to focus more succinctly on the engineering

curriculum, specifically design courses for this purpose. Questions can be developed and
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then validated through the use of exploratory factor analytical procedures to be employed
in design courses. Refinement of the qualitative analysis could improve the data gathered
and warrant a more effective analysis. While the survey was proven to be robust and
provided effective feedback with respect to the changes in motivation factors, the initial
feedback from the student can be used to tailor the data to efficiently gauge student
motivation. For example, one recurring topic in the qualitative interview was the
importance of the graduate student assistants (GSAs) for the team. The GSAs would
provide extrinsic motivation for the students. Extrinsic motivation has been shown to

impact intrinsic motivation.!%?

Therefore, the graduate student would be a factor affecting
the student’s intrinsic value. This code of “GSAs” would consequently correspond to
intrinsic value within the context of the survey.

The overarching goal of this research is to refine the information to develop a
survey that could be implemented throughout the curriculum to determine which students
exhibit a high likelihood of failure or attrition. This would afford educators the ability to
implement an intervention plan for these students, increasing their opportunities for short

and long term success in their degree field and producing more high quality engineers

entering the workforce.
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Appendix A
MSLQ Form and Survey Consent Form

Motivated Strategies for Learning Questionnaire

Name Team:

1. Florida Tech ID Number (e.g. 900XXXXXX):

2. What is your academic standing?
O Freshman
O Sophomore
O Junior
O Senior

3. Were you a transfer student? O Yes O No

a. If yes, what semester did you transfer to FIT?

4. Are you a domestic or international student? O Domestic O International

a. Ifinternational, state your country:

b. If domestic, what is the zip code of your permanent home address (back
home)?

5. What is the highest degree earned by your parents?

6. What is your gender? O Female O Male O Do not want to report

7. What is your age group? 0O 17-20 021-24 025 and above O Do not
want to report
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8. Whatis your GPA? O0<20 02.0-25 02530 03.0-35 035+

O Do not want to report

9. With which racial group(s) do you identify? (Mark ALL that apply)

COO0O0OO0

African-American or Black O Caucasian/White
South Asian (e.g. Indian, Pakistani, Bangladeshi, etc.) O Other Asian
East Asian (e.g. Chinese, Korean, Japanese, etc.) O Other:

Native Hawaiian or Pacific Islander

American Indian or Alaskan Native O Do not want to report
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Rate the following items based on your behavior in this class. Your rating should be on a
7-point scale where
1= not at all true of me to 7=very true of me.

2
2]
= 1
Question = i
1 3
z >
I prefer work thqt is challenging so I 1 ) 3 4 5 6 7
can learn new things.
Compared with other students in senior 1 5 3 4 5 6 7
design I expect to do well
I am so nervous during a presentation
that I cannot remember facts I have 1 2 3 4 5 6 7

learned

It is important for me to learn what is
being taught in this class

I like what I am learning 1 2 3 4 5 6 7

I’m certain I can understand the ideas
taught in this course

I think I will be able to use what I learn
in this class in my life

I expect to do very well in this class 1 2 3 4 5 6 7

Compared with others in this class, |
think I’'m a good student

I often choose research topics [ will
learn something from even if they 1 2 3 4 5 6 7
require more work

I am sure I can do an excellent job on
the problems and tasks assigned

I have an uneasy, upset feeling when I
present

I think I will receive a good grade in
this class

Even when I do poorly, I try to learn
from my mistakes

I think that what I am learning in this
class is useful for me to know

My study skills are excellent compared
with others in this class
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I think that what we are learning in this
class is interesting

Compared with other students in this
class I think I know a great deal about
the subject

I know that I will be able to learn the
material for this class

I worry a great deal about presentations

Understanding the design process is
important to me

When I present I think about how
poorly I am doing

When I do homework, I try to
remember what the teacher said in class
so I can answer the questions correctly

I ask myself questions to make sure I
know the material I have been studying

It is hard for me to decide what the
main ideas are in what I read

When work is hard I either give up or
study only the easy parts

When I prepare for a presentation I put
important ideas into my own words

I always try to understand what the
teacher is saying even if it doesn’t make
sense.

When I prepare for a presentation I try
to remember as many facts as [ can

When preparing for a presentation, [
copy my notes over to help me
remember material

I practice presentations even when I
don’t have to

Even when study materials are dull and
uninteresting, [ keep working until I
finish

When I prepare for a presentation, I
practice saying the important facts over
and over to myself

Before I begin studying I think about
the things I will need to do to learn

I use what I have learned from previous
classes to do prepare for project work
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I often find that I have been reading for
class but don’t know what it is all
about.

I find that when the teacher is talking I
think of other things and don’t really
listen to what is being said

When I am studying a topic, I try to
make everything fit together

When I’m reading I stop once in a
while and go over what I have read

When I read materials for this class, I
say the words over and over to myself
to help me remember

I outline the relevant topics to help me
prepare for a presentation

I work hard to get a good grade even
when I don’t like a class

When reading I try to connect the
things I am reading about with what I
already know.
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SURVEY CONSENT FORM
Please read this document thoroughly and sign at the bottom.

We are seeking your participation in a research project involving the study of student motivation
and time allocation in undergraduate academic tenure.

If you agree to participate, you will fill out a hand written Motivated Strategies for Learning
Questionnaire (MSLQ). The time required to complete this activity is about 10-15 minutes. Your
participation will not subject you to any physical pain or risk.

Your survey responses will be known to, at most, three people: two researchers and Dr. Beshoy
Morkos, the director of this study. We assure you that any reports about this research will contain
only data of an anonymous or statistical nature. Your identity will be kept confidential to the extent
provided by law. Your information will be coded with an identification number, instead of any
personally identifying information. The list connecting your name to this number will be kept in a
locked file in Dr. Beshoy Morkos’ office. When the study is completed and the data has been
analyzed, the list will be destroyed. Your name will not be used in any report.

Any questions you have regarding this research may be directed to Elisabeth Kames or Dr. Beshoy
Morkos at the emails provided below:

Elisabeth Kames: ekames2011@my.fit.edu

Dr. Beshoy Morkos: bmorkos@fit.edu

This study was approved by Florida Institute of Technology’s IRB. Information involving the
conduct and review of research involving human may be obtained from the Institutional Review
Board of the Florida Institute of Technology at 321-768-8000 ext. 8104.

Your signature below indicates that you agree to participate in this research and that:

1. You have read and understand the information provided above.
You understand that participation is voluntary and that refusal to participate will involve no
penalty or loss of benefits to which you are otherwise entitled; and

3. Youunderstand that you are free to discontinue participation at any time without penalty or
loss of benefits to which you are otherwise entitled.

Participant Name

I have explained and defined in detail the research procedures in which the subject has consented to
participate.

Participant Signature Date

Interviewer Name
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Appendix B
IRB Application and Approval

: 3 RESEARCH INVOLVING HUMAN PARTICIPANTS
Florida Institute of Technology EXEMPT APPLICATION

This form shall bea used if thare is mindmal risk to heman subjects; one of the categories cn the next page apphies (o the research, If there is
more tharn minimal risk associated with the research fncne of the conditions apply) or if the research utilizes a special population (childran,
prisaners, insttutionalized indiwviduals, #1c), please use the expedited full application forr found on the IRE website

Yo should consult the university’s document *Principles, Policy, and Applicability for Research Involuing Human Subjects” and instructions on
the IRE Committes website prior to completian of this form
httpeffwww fitedu/researchicommitteesiirk

Subrmit via email to FIT_IRB@hiedu.

IRB Contact Information:

Dr. Lisa Steslman

IRB Chairperson

Isteelmamfit edi or FIT_|REaht adu
I21-674-7316

INVESTIGATOR INFORMATION
Engmeenng Maotivation and Time Allocation Study

Date of Submission 912612017 =

A0ME2017 3 academic years

Tithe of Project

Expacted Project Start Date ___ Ezpected Froject Duration

Frincipal Investigator - Beshoy Morkos

Title PSSiStant Professor

heademic Uy Mechanical and Aerospace Engineering

Phians 321-674-8780 ¢y bmorkoS@fit.edu )

List all co-inwestigator(s). Please ||'|r|ud| farme, title, academic unit/affiliation !nd ermail.

Elisabsln Kames, Graduate Student Assistant, Department of Mechanical and Agfospace Engmemmg
ekames201 1 @my fit.adu

few Bnard

i Enstinute of Technabopy « Institutional

1y Tt evaril Mlellenimny, TL 3350105 e 320074751 6 (sapllnscalot iy udh




; ; RESEARCH INVOLVING HUMAN PARTICIPANTS
Florida Institute of Technology EXEMPT APPLICATION

ANSWER THE FOLLOWING QUESTIONS AS THOROQUGHLY AS POSSIBLE,

1. List the objectives of the proposed project,

The purpose of this study is to measure what molivales individuals working toward an undergraduate degree in
mechanical engineering. The objective of the study is to determine i correlation exists between student motivation and
the students success in their courses, including senios capslone design. This lengitudinal study will alse allow the
researchers 1o observe the changes in motivation of a student throughout various years of undergraduate tenure.
Ultimately. the goal |s to determine what incentives best motivate sludents lo perform weil.

2. Describe the researth project dessgrimethodolodgy. Disouss b wou will conduct your stady, and whst messsurement insbrements you ane using.
Artach all resaasch matenials 1o this appécation, Please descrbeyour studly in enougn detail so the IRE can identidy what yous are doing and why.

The students will be given a Mafivated Strategies for Leaming Questionnaire (MSLQ] to determine the student
motivation (attached to this form). The survey will be administered to the undargraduate studenis once & year, with the
axception of the senior students, The senior mechanical engineering students will take the survey twice a year
{heginning of the fall and end of the spring semesters) to measure the changs in molivation due to their capsiane
design project experignces. The survey is infended to take about 20 minutes 10 complete.

3. Describe the characteristics of fhe participant pupulal:lbn,fnclualng namber, age, sex and recruitment straleg
ermal text, recrultpment fliers, otc)

{attach actual recrultment

The parficipants will be undergraduate mechanical engineering students. The students will be verbally recruitad to lake
part in the survey through their courses, with the principal invesligater reaching out to faculty to disseminate the survey
1o their classes. The age and sex of the parficipants vary throughout the sample population.

4. Desoribe any patential risks to the participants {physical, psychologecal, sociad, legal, et} and assess their likelihood and seriausness.
Diseribe steps that will he taken ro mitigate sach risk.

Thers exists no potential risk in this study,

5. Describe the procedures you will use 1o maintain the confidentiality and privacy of your reseach participants and project data. ¥ video or
awdio recordings will be mads, you must review the video/audio recording policy found on the IRE website snd addieds precautions seln el
take in this section.

Students will be assigned an alphanumeric identification tag which is coded to contain their damographic information, if
they choose fo include it on thair survey. (L.e. FYDF1C could indicate a freshman, transfer student that is a domestc
famale student between the ages of 17-20, and caucasian) The identification tag will not possess the student's name or
any part of their full name. The document will be viewed only by the Pl and destroyed after the study.

&, Describe your plan for informed cansent (attach proposed farm),

A consent form (attached) will be given to the students before adminisiering the survey. Students may opt to et
participate in this study al no consequence.

I e
7, Discuss the importance of the knowladge that will result from your study (beoshts to the field and 10 societyl and what benefits will accrue
to your participants if anyl Include information about particenant compansation if applopaiate

The impartanca of this study lies in understanding the impact of mativation in mechanical enginearing undergraduates.
This knowledge may assist faculty in understanding how ta motivate subsequent classes of students and deploying the
most successful motivetion metheds 1o ensure academic success, Students may leam from their reflection on the
courses during the final survey seniar year. Taking the survey may allow studants 1o reflact on their motivation and
make adjustments to improve themselves, ) L

&, Explain rﬂ-:a_uygur praposed study meets criterla for axemption from Institutionsl r_\‘_ll,-\.'\lrw Boand review las sutlined on page 2 of this forml,

This research meels the critena for exemption as it meets exemption 1 by parforming the research in an education
salling (classroom) and imvelving normal education practices. The educational practice will be used to compare the
effectiveness of various forms of motivation (grade, pride, instructor satisfaction, instructor feadback].

Florida Institete of Teclilgy - Tastittional Beview Boord

et Limeermsite Pesilenaal, ddellamnae 15290
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RESEARCH INVOLVING HUMAN PARTICIPANTS

Forida Institute of Technology EXEMPT APPLICATION

CATEGORIES OF EXEMPT RESEARCH
Research must choose one:

L]

]|

(W]

fesearch conducted in established or commnnly aceepied sducational settings, imohing normal educational practices, such as:
3, research on regqular and special sducation nsiruction strateqies, or
b, research on the effectivensss of o the comparisan amony instruction technigues, cutricala or classroom management methods.

Research involving the use of educational tests (cognitive, diagnostic, aptitude, achievement), survey procedures, interview
pracedures or observation of public behavior unless:

a. the subjects can be identified, directly of through identifiers linked 1o the subjects and

b. any dischosure of subjects’ responses outside the research could reasonably place the subjects at risk of criminal or civi liability or be
damaging teo the subjects' finanoial standing, employabifity ar reputation.

Foe: Tt eesmnstion daes nod ospl fo sameey procedres arinferiews ivafied dfes

Research invalving the uie of educational tests, survey of interview proceduses, or ohservation of public behavior if;
a the subjects are alectad or appointad public offisials o candidates for public office, or
b. the confidentiality of the personally identifiable information will be maintained thioughout the research and thereatter,

Hesearch invalving the collection or study of existing dats, decuments, records of specimaens if these sources are publicly svailable
or il the information (s recorded by the investigator in such a manner that subjects cannot be identified, indirectly or thiough identifiers
Inked to the subjects,

fesearch and demonstration projects that are conducted by o sublect to the approval of depariment or agency heads and that are
designed to study, evaluate or otherwise examing

4. public benefit or service programs,

h. pracedures for obtaining benefits or services under thase programs,

. possible changes in or altematives to those programs or procadures, or

d. possible changes in methods o levels of payment for bersefits or seraices undes those programs.

Taste and food quality evaluation and consumer acceplance stedies il
2. wholesome foods without additives are consurmed, or

b, food is consurmed that contains food ingredients feund to be safe by the Food and Drug Administration or approved by the
Envirenimental Protection Agancy o the Food Safety and Inspection Service of the U5 Departmant of Agricutture.

RESEARCH FUNDING
IF any part of this study will be funded by an external funding source, you must note the funding source and awarddsolicitation number below:

Office of Maval Research
Solicitation #: NO0D14-16-R-FO03

tional Review Board iz
Pages Batd

Florida Institute of Technology . Insti

wn Hnukeaml, ke PLAZ00 e T3 0 3206747 3 0 e b Bend g
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; ; RESEARCH INVOLVING HUMAN PARTICIPANTS
Florida Institute of Technology EXEMPT APPLICATION

ANSWER THE FOLLOWING QUESTIONS AS THOROQUGHLY AS POSSIBLE,

1. List the objectives of the proposed project,

The purpose of this study is to measure what molivales individuals working toward an undergraduate degree in
mechanical engineering. The objective of the study is to determine i correlation exists between student motivation and
the students success in their courses, including senios capslone design. This lengitudinal study will alse allow the
researchers 1o observe the changes in motivation of a student throughout various years of undergraduate tenure.
Ultimately. the goal |s to determine what incentives best motivate sludents lo perform weil.

2. Describe the researth project dessgrimethodolodgy. Disouss b wou will conduct your stady, and whst messsurement insbrements you ane using.
Artach all resaasch matenials 1o this appécation, Please descrbeyour studly in enougn detail so the IRE can identidy what yous are doing and why.

The students will be given a Mafivated Strategies for Leaming Questionnaire (MSLQ] to determine the student
motivation (attached to this form). The survey will be administered to the undargraduate studenis once & year, with the
axception of the senior students, The senior mechanical engineering students will take the survey twice a year
{heginning of the fall and end of the spring semesters) to measure the changs in molivation due to their capsiane
design project experignces. The survey is infended to take about 20 minutes 10 complete.

3. Describe the characteristics of fhe participant pupulal:lbn,fnclualng namber, age, sex and recruitment straleg
ermal text, recrultpment fliers, otc)

{attach actual recrultment

The parficipants will be undergraduate mechanical engineering students. The students will be verbally recruitad to lake
part in the survey through their courses, with the principal invesligater reaching out to faculty to disseminate the survey
1o their classes. The age and sex of the parficipants vary throughout the sample population.

4. Desoribe any patential risks to the participants {physical, psychologecal, sociad, legal, et} and assess their likelihood and seriausness.
Diseribe steps that will he taken ro mitigate sach risk.

Thers exists no potential risk in this study,

5. Describe the procedures you will use 1o maintain the confidentiality and privacy of your reseach participants and project data. ¥ video or
awdio recordings will be mads, you must review the video/audio recording policy found on the IRE website snd addieds precautions seln el
take in this section.

Students will be assigned an alphanumeric identification tag which is coded to contain their damographic information, if
they choose fo include it on thair survey. (L.e. FYDF1C could indicate a freshman, transfer student that is a domestc
famale student between the ages of 17-20, and caucasian) The identification tag will not possess the student's name or
any part of their full name. The document will be viewed only by the Pl and destroyed after the study.

&, Describe your plan for informed cansent (attach proposed farm),

A consent form (attached) will be given to the students before adminisiering the survey. Students may opt to et
participate in this study al no consequence.

I e
7, Discuss the importance of the knowladge that will result from your study (beoshts to the field and 10 societyl and what benefits will accrue
to your participants if anyl Include information about particenant compansation if applopaiate

The impartanca of this study lies in understanding the impact of mativation in mechanical enginearing undergraduates.
This knowledge may assist faculty in understanding how ta motivate subsequent classes of students and deploying the
most successful motivetion metheds 1o ensure academic success, Students may leam from their reflection on the
courses during the final survey seniar year. Taking the survey may allow studants 1o reflact on their motivation and
make adjustments to improve themselves, ) L

&, Explain rﬂ-:a_uygur praposed study meets criterla for axemption from Institutionsl r_\‘_ll,-\.'\lrw Boand review las sutlined on page 2 of this forml,

This research meels the critena for exemption as it meets exemption 1 by parforming the research in an education
salling (classroom) and imvelving normal education practices. The educational practice will be used to compare the
effectiveness of various forms of motivation (grade, pride, instructor satisfaction, instructor feadback].
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Forida fnstitute of Technology

Institutional Review Board

Notice of Exempt Review Status
Certificate of Clearance for Human Participants Research

Prmempal Imvestigator:  Beshoy Morkos

Diate: October 3, 2017
IRB Number: 17-148
Study Title: Engineermz motihvation and fime allocation study

Your research protocel was reviewed and approved by the IRB Chavperson. Per federal regulations, 45 CFR.46.101,
your study has been determmed to be munimal 1izk for human subjects and exempt from 45 CTR46 federal
regulations. The Fxempt determination 15 vabd mdefimitely. Substantive chanses to the approved axsmpt razearch
st be requested and approved pror to therr intiation. Investigators may request propesed changes by suboutting 2
Revizon Request form found on the TRB website.

Acceptance of this study 15 based on vour agreement to abide by the policies and procedures of Flonda Instriate of
Technology’s Human Fesearch Protection Program el it edu/crndirh) and does not replace any other
approvals that may be requmed.

All data, which may include signed consent form documents, nmst be retamed I a secure location for 3 minmmum of
three years (soo ff HIPAA applies) past the completion of this research. Amy links to the identification of participants
zhould be mamtamed on a password-protected computer 1if electrome information 15 used. Access to data = hnted to
authonzed mdniduals heted as key study persormel.

The category for which exempt status has been determmed for thes protocol 15 as follows:

2. Research imvolving the use of educational fests (cogmtive, diagnostic, aptitude, achievement), survey procedures,
mterview procedures, or observation of public behavior so long as confidentiality is maintained.
a2 Informzhon 15 recorded m such a manmer that the subject cannet be idenhified dweetly or through
identifiers linked to the participant and'or
b. Subpect’s responses, if know eutsade the research would not reasonably place the subject at nsk of erommal
or civil hability or be damagng to the subject’s financial standing, emplovabiliy, or reputation.
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The full coding tree for the 69 codes identified by the qualitative exit interviews
with the senior capstone design students is shown above. The coding tree is subdivided into
three overarching themes: selection, process, and results.

The qualitative exit interview topic of “selection” outlined the student’s reasoning
for choosing their respective senior design project or team, including their feelings going

into senior capstone design. The detailed coding tree for selection is shown below.

¥ ¥ ¥ ¥ ¥

Desirability of project SAE Participation [ Awards Compro Noone(Finail) Lainn b
3 ; Environment
ke st Coiene Giades Industry Connections i
Competitica | i Citizenship
Advics from seniers | Graduation Potential Job v )
Conficence | Opportnity Choices(Project)
+ Family Background! ———— 1

Personal Background
Industry Project

Desire to Desige

Interest

Desire to help

The “process” theme focused on the students’ experienced while enrolled in senior
capstone design. This was by far the largest of all of the themes, in which students
referenced people very often as a factor. The detailed coding tree for process is shown

below.
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The “results” theme focused on the outcome of senior capstone design, which
included student’s future goals, skills that were acquired throughout the course of senior
design, and reflections by the students regarding their overall experience. The coding tree

for the results section is shown below.

1

\Going to Graduate Cubdenta | | i atehut et
School | enginees choice
i‘-’]ojng o Industry/ Confident to enter Goed expenence

Company industry
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Meed for pre-requisites |
Change project

Succass if on another
team('-)
Gradoate school
motivation

Application of courses |
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