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ABSTRACT

Tracking retention rate is an important factor given the complexity of establishing the
factors leading to an increase or decrease in graduation rates, especially in engineering
programs that on a national level cannot meet the demand. It enables the institution to
assess the periodic progression of students in its programs. As such, it can be used as an
indication of: suitability of teaching methodologies, student expiates, curricular support
structures, or the environment in a program or academic unit. Although by itself retention
cannot answer definitively answer causality questions, educators can begin to determine
where issues may be present to gather further data that can help understand the
experiences of students. This study considers the graduation and retention rates from the
engineering programs at Youngstown State University (Chemical, Civil, Electrical,
Industrial, and Mechanical) for the past 8 years (2005-2013). From the perspective of
who goes into engineering and who is retained. The approach is to track students starting
in the First- Year Engineering Program and determines where each of the students is
today (enrolled or graduated from YSU outside of engineering, enrolled or graduated
from YSU within engineering, or no longer at university. The direct assessment will
come in the form of tracking retention (frequency counts, proportions, and simple
statistical tests — gender, race / ethnicity, high school preparation). Once we determine
student pathways (graduation, succession, and exit rates) we can establish a continuous
procedure to track retention on an on-going basis and propose recommendations for
improvements in the engineering program (based on the type(s) of students who do not

persist in engineering).

il
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1.0 INTRODUCTION

Engineers serve a critical role in the economy and global competitiveness.
Nevertheless, the profession is experiencing challenges in the U.S. as fewer engineers
enter the workforce and are needed to meet the workforce demand (NAE, 2004; NAS,
2005). This shows a promising opportunity for young professionals entering the
workforce. Statistics from the U.S Bureau of Labor Statistics indicates a projected growth
of 43% in the engineering and computer fields between 2004 and 2014, which translates
to a 4% yearly increase in terms of job availability for engineers (U.S Department of
Education, 2006; Hacker, 2005). Professionals who have reached retirement age worsen
this deficit of the gradual exit from the engineering sector. Even though there was
constant enrollment for engineering bachelor’s degree programs from the mid 1980s to
2003, there is no evidence to indicate the deficit has been reduced (National Science
Board, 2006).

Another emerging issue is the impact that the shortage of engineering
professionals will have on the high level of innovation associated with the United States
of America. Indeed, the decline in enrollment of engineering students in Bachelor’s
degree programs has a direct impact on the associated research activities that provide the
pipeline for innovation (NAS, 2005). Gradually, the U.S has fallen behind other nations
when it comes to producing leading scientists and engineers. To illustrate this, 60% of
bachelor degree program students graduating in China are primarily from engineering
and science based courses while in the U.S only is at 30% from 5% of this group are
engineering graduates (Friedman, 2006; NSB, 2006). Consequently, this effects

competition in terms of innovation and global competitiveness.



Despite the fact that women make up 56% of the entire U.S population, when it
comes to their representation in the engineering graduates they only make up 20%
(Grose, 2006). Many changes have taken place since 2001 when only 13% of the
minorities earned bachelor degrees program in engineering. This implies that more
attention needs to be given to minorities and women in terms of their recruitment into
engineering bachelor degree program. This should be able to bridge the gap created by
the shortage of professionals in the engineering sector. According to the National Science
Board (2007), the Federal government needs to come up with new ways of increasing
interest in engineering and science-based programs.

These problems point to two major emerging issues that are silently affecting the
engineer bachelor programs: (1) student recruitment and (2) retention. These need to be
taken, as a serious matters among teaching and engineering faculty members. According
to Dew (2007), there is need for the higher education sector to improve the teaching
methods and quality aspects that will lead to improvement in management. Among these
quality aspects is the level of student success and completion rates in critical courses. The
fact that available data shows an increasing shortage of engineers, having higher retention
rates is a suitable factor. According to Clough (2006), the graduation rate of students
enrolling in engineering programs in the US is 55%. This means that close to a half of
those who enroll either decide to change to other programs or drop out. In this regard,
improving this rate will lead to a significant increase in the number of engineers
successfully joining the professional world and addressing the shortage. One of the most
important areas of improvement is the first-year engineering student retention rate. This

refers to the number of engineering students that proceed with their respective



engineering programs past their first-year (Tinto 1993), in addition to first-year tends to

have the lowest retention rates compared to other college years.

1.1 FIRST YEAR ENGINEERING ACHIEVEMENTS

An important step in addressing engineering student retention is to evaluate who
does not continue in engineering after their first-year and why. This is critical to
understanding the existing undergraduate engineering graduation rates that are the
“supply” for the previously mentioned national demand for qualified engineers. Modeling
first-year engineering student retention rates will help to aid understanding of factors for
success. This model is shown in figure shows that a higher first-year engineering student
retention rate leads to a higher graduation rate. Based on the relationship between the six-
year graduation rate and the first-year retention rate for similar universities to
Youngstown State.

100.0%
90.0%

80.0%
70.0%

“ Graduation Rate

& First Year Retention

Figure 1. The Higher the Retention Rate, the Higher the Graduation Rate
(Education Trust, 2011)

Prior studies of first-year engineering student retention rates have looked at both
single and multiple institutions. For example, prior studies focused on multiple

institutions indicated that the level of high school preparation, science preparation, math
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preparation, intensity of school curriculum, science based orientation, and display of an
aspiration of taking up a career in engineering as significant predictors at national level
(Astin & Astin, 1992; Adelman, 1998). More specifically, the Astin and Astin study
assessed pre-college factors that affect retention such as mixed expectations of college
experience and attitudes at high school level towards engineering. The study showed that
first-year engineering students begin having a poor attitude towards technical courses
such as engineering and they also think that it will make their college experience more
challenging.

Indeed, given the level of standardization provided through admission of similar
SAT/ACT or other standardized tests or surveys across different institutional settings
provide a higher possibility of getting a better prediction trends to understand the subject.
On the other hand, focusing on multiple institutional settings has its own disadvantages.
Among the disadvantages include the complexity in modeling the interaction between
different variables and decreased efficiency in the implementation of intervention
measures.

Focusing on a single institution makes it simplified to model the interaction
among different variables in the study. It also makes it easier in identifying challenges
that emerge when implementing an intervention; hence, easier to understand issues
regarding student retention. The institution is responsible for promoting a suitable climate
that molds the student academically and socially through provision of educational
material, curriculum implementation, and educational advice. Indeed, by focusing on a
single institution, it enables the researcher to look at interaction between variables in

detail. According to Braxton (2000) and Dey (2007), there is need for more single



institution focus studies to better understand student retention issues. Additionally, a
single institution study enables the researcher to look into issues regarding high school

preparation levels.



1.2 YOUNGSTOWN STATE UNIVERSITY

Youngstown State University is an urban, public, research university in Northeast
Ohio with a wide variety of higher education programs and majors serving ~13,000
undergraduate students, 86% of which come from within the state of Ohio. It is a very
accessible school for students of diverse academic preparations and socioeconomic
status. Specifically, it guarantees admission to any student earning a high-school degree
or GED equivalent (although some programs, including engineering, do have restricted
admissions). The STEM College is 72% male and 28% female and 15% minority student
population. Most students in the STEM College are of traditional college age (80% less
than 25 years old), are full time students (85%), and live off campus and commute (90%
commute). The STEM College had a total enrollment in the fall of 2012 of 2,833
students, including 184 graduate and doctoral students, and 36 non-resident aliens.
The First-Year Engineering Program had ~215 incoming students in the fall of
2012. Of those students, 84% were male, 16% female. In terms of race / ethnicity 86%
were white, 14% underrepresented minorities. It is a general program such that all
intended engineering disciplines take the same courses including:
(1) ENGR 1500 — Engineering Orientation — 1 Credit (fall)
(2) ENGR 1550 — Engineering Concepts — 2 Credits (fall)
(3) ENGR 1560 — Engineering Computing — 3 Credits (spring)
But beyond the First-Year Engineering Course sequence (and the fundamental
mathematics, chemistry, and physics courses) students move to one of five ABET
accredited engineering programs: Civil, Chemical, Electrical, Industrial, or Mechanical

Engineering. There is no application process, rather as long as students have met the



requirements of getting a C or better in Calculus, Chemistry, and Composition (the 3 C’s)
as well as the First-Year Engineering courses then they are transitioned over. Typically
students graduate in 4-6 years, although there are certainly exceptions. This study was
focused on better understanding retention and graduation rates, and specifically who is

persisting and who is not.



1.3 RESEARCH QUESTIONS

The research questions are as follows:

1.

Is race/ethnicity a statistically significant factor in engineering persistence from
year to year and retention to graduation in engineering?

Is gender a statistically significant factor in engineering persistence from year to
year and retention to graduation in engineering?

What are the graduation rates of (4,5,and 6 year) by Engineering program and are
differences statistically significant?

What are the retention rates by Engineering program and are differences
statistically significant?

Can an adequate model be developed that can predict academic performance and

retention among first-year engineering students to graduation at YSU?



1.4 THESIS OUTLINE

The research questions focus on the differences between engineering
students’ retention in the first-year, general college academic outcomes, and
retention levels at STEM. Providing the answer to these questions in the aim to
develop a new model for first-year college engineering retention. The literature
review provided in chapter II is focused on the student success model during the
first-year of engineering. Chapter III is focused on how to analyze the collected
data. Finally, chapter IV presents the results from the data analysis while chapter

V is focused on recommendations and conclusions.



2.0 LITERATURE REVIEW AND DEVELOPMENT OF A MODEL FOR
ENGINEERING STUDENT SUCCESS

This chapter aims at developing a new model based on related prior studies. The

attributes of student success included student retention levels and academic performance

indicated by GPA (Levin and Wyckoff, 1988; Lackey et al, 2003; French et al, 2005). On

the other hand, student retention was defined from the perspective of the number of

students who proceed with their studies onto the second year. At the institutional level,

student retention is defined as students continued attendance at both college and

university. The current study will use the following model shown in Figure 2 to predict

retention levels and academic success.

Academic Success Model

Pre-college

characteristics

Academic

Success

Model

Other factors e.g.

study habits

Student Retention Model

GPA

Student

Retention

Model

Retention Rate

Figure 2. Student Success Model (Veenstra, 2008)

When students are attending high school they go through different social and

academic experiences. During the transition period from high school to college, there are

many changes that student experience (Morrison, 2007). Students tend to carry forward

their high school experiences into the college setting. This guides the assumption that a

student’s pre-college characteristics play a major role in determining their individual

contributions towards ensuring academic success during the first year. They also

influence the decision that the student will make as to whether to return to engineering
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school in the second year. In essence, the current study addresses the notion that retention
at first year level is different from general student retention. This study is focused on the
development of a model of student retention based on pre-college characteristics and first
year performance. Figure 2 above illustrates the academic success model as determined
by pre-college characteristics. The following aspects will be addressed:

* Importance of modeling based on empirical studies in section 2.1

* Review of previous engineering retention models in section 2.2

* Application of Tinto’s model of attrition and educational theories in section 2.3

* Development of a retention model for first-year engineering at YSU in section 2.4

2.1 IMPORTANCE OF MODELING BASED ON EMPIRICAL STUDIES

It is important to understand the development of a model before formulating a
predication for student success. In the current study, preference will be given to ‘model’.
Previously, the word ‘theory’ has been used to refer to a set of interconnected concepts
(Tribus, n.d). Theories have been widely used to give meaning to experiences (Deming,
1994). In Deming’s approach, theory was used as a basis of developing new knowledge.
In Deming’s perspective, theory was used to understand the processes behind a new
experience. On the contrary, Peter Senge emphasized the essence of using mental models
as a way of improving understanding about something (Dean, 2004). In this regard, a
model provides a basis through which it is possible to subject empirical studies to
analysis, revise an existing model, and develop a new one. According to Box, Hunter,
and Hunter (1978), in scientific research, model development may employ a deductive or
inductive thinking process. In this approach, the deductive thinking process is used to

accomplish a comparison between a data set and the mode, while the inductive thinking
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process is used to modify the model when there are significant differences between the
data set and the model. As such, a model may be similar to a hypothesis. Any empirical
analysis focuses on validating the hypothesis. When the outcome of the empirical
analysis is negative, it may be necessary to modify the model. This process emphasizes
the validity of using a model. Additionally, when we look at the Shewhart Plan-Do-
Check-Act cycle, the Plan stage is represented by a model, the Do stage is represented by
an empirical study, the Check stage is represented by validation process for the empirical
study, and the Act stage is represented by the changes made to the model (Veenstra,
2008, p.21). A good illustration of this process can be found in the Tinto model for
retention in which he used results over a 30-year period to inform the changes in his

model.
2.2 REVIEW OF PREVIOUS ENGINEERING RETENTION MODELS

As earlier noted, the model in this research suggests that the success level in
engineering is different from the success level in the general college. In this regard, the
following are existing models of retention and success focusing on engineering;:

The Pipeline Theory

This model depicts a continuous occurrence of leaking attrition that begins from

middle school up to the time the student graduates from engineering school. Figure 3

illustrates this perspective.

12



Middle School Graduate from
N B R
<,>"\ <>/'\ <,>"\ Engineering
Change majors Leavy undergraduate
in college ngineerng

Leave High School

Figure 3. The Pipeline Theory (Veenstra, 2008)

Johnson and Sheppard (2002) used the pipeline theory to analyze the decision-
making attributes of high school students before joining college, enrolling in an
engineering college, and graduating. Their analysis also focused on important ethnicity
and gender attributes. Out of the 1990 senior high school participants, only 87%
successfully graduated from high school level, another 28% successfully enrolled to a 4-
year college, while 2.3% successfully enrolled an engineering process, and 1.6 %
successfully graduated from their respective engineering programs. From this
perspective, the authors were able to identify lack of financial issues and high level of
high school mathematics preparation as factors that lead to the occurrence of major
differences in enrolment rates among minority students and others. In essence, the
pipeline theory is useful in establishing how the loss of students occurs in the respective
transition periods starting from high school through engineering college. Nevertheless,
amore direct approach is needed to understand the reasons that make students to leave or
proceed to an engineering field.

The Path Model
The path model was proposed by Adelman as a response to the pipeline model

(Adelman, 1998). This model relies on the observation that math and science subjects
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taken at high school level closely resemble those taken by science, math, and engineering
majors at college level. This implies that first-year students taking engineering courses
may easily change science or math programs without losing a lot of time. According to
the path model, this is the reason why STEM programs remain competitive. This
competitive nature and ease with which first-year students can change to other programs
play a role in influencing the choices that students make. In as much as the path model
offers some explanation, it is still not effective in understanding the reasons that make
students to change from engineering programs.
The Transmission Line Model

According to Watson and Froyd (2007), engineering student success model was
essentially intended to increase the diversity in engineering schools. This was their
response to the pipeline model, which they said was only effective in an engineering
college where the student body has less diversity. Even though the leaks depicted in the
pipeline theory may be interpreted as reasons for leaving, they cannot be isolated to
specific reasons. The Transmission Line Model focused on underrepresented minorities
and categorized them into three distinct areas as follows:

i.  Stop leak (Community Building):
This stage represents building a community through formulation of the necessary
networks within underrepresented groups to improve welfare.
ii.  Stop leaks (Cognitive Ability Development):

This stage represents initiating development cognitive abilities in which the weaknesses
existing within members of the underrepresented groups can be addressed using suitable
intervention.

1.  Increase intake:

14



This stage represents occupational choice development in which members in the
underrepresented groups are able to join engineering courses and careers.

In essence, community building is essential in developing self-identity in an
individual while cognitive ability intervention improves their preparation for engineering
courses and career. According to Watson and Froyd the pipeline used a simple approach
that ignored the interactions that take place between self-identity, cognitive ability, and
career identity. In their view, interventions rarely focus on creating a new system, but are
mostly added onto an existing one. Thus, using the transmission line approach, Watson
and Froyd found that they could depict the transfer of energy from between self-identity
development, cognitive ability, and occupational choice development. This relationship is
illustrated in Figure 4 where the curriculum is associated with cognitive ability
development. In this approach, energy may be transferred from academics into identity
development creating an imbalance. According to Watson and Froyd (2007), the
transmission line approach minimizes the loss of energy between the three developmental
elements. This implies that identity, cognitive, and career developments have to thrive
simultaneously so that there is a seamless exchange of energy between them. For
instance, looking at the career development process of an engineer should be a
continuous loop that takes place prior to joining the first-year students, and throughout

their undergraduate program.
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Figure 4. Transmission Line Model (Watson and Froyd, 2007)
In this regard, the transmission model was influential in influencing some of the
empirical hypotheses in the current study because of the focus it gives to identity,

cognitive, and career development.
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2.3 APPLICATION OF TINTO’S MODEL OF ATTRITION AND
EDUCATIONAL THEORIES

The process of coming up with a model for first-year engineering students
retention involves one of the following:

1. Formulate a model using a specific learning theory
il. Revise a model that has already been proposed or used

In section 2.2, the items discussed failed to take into account the social and
academic background as important factors that may influence retention outcomes. The
current study will recommend suitable strategies that would be used to improve success
in terms of retention. The development of a model is intended to provide a framework of
the solution. In this regard, the availability of a model will benefit the current research
through analysis of empirical studies focusing on those models. This prompted me to
revise an existing model to provide a framework for my research.

General College Success Theories

There are numerous student success theories that have been developed focusing
on success levels in the higher learning environment. Table 1 gives a preview of some of
these theories. According to Braxton and Hirschy (2005), the theories focusing on the
reasons behind students leaving college without earning a degree address four main
factors: psychological factors, economic factors, sociological factors, and organizational

theories.
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Table 1 Examples of Student Success Theories

Researcher

Name of Theory

Main Points

Alexander Astin

Theory of involvement

Empirically based on
Higher Education
Research Institute

(HERI) longitudinal
study

Persistence related to

student involvement
Behavioral model

John Bean

Theory of student attrition

* Importance of
interaction with faculty
Working off-campus
leads to attrition

Vincent Tinto

Interactionalist Theory of
Student Departure

Separation from home
environment and
integration into college
environment

* Importance of
integration into
environment both
academically and
socially
Persistence related to
student involvement,
including interaction
with faculty and other
students
Based on experiences,
student changes goals

Berger and Milem (1999)

From all these theories, Braxton and Hirschy (2005) noted that the Tinto

Interactionalist Theory has been widely used in the studies focusing on why students

decide to depart from their studies. In this regard, focusing on the aspects identified in

Table 1 and the reputation of the Tinto model, an effort was made to revise its

components into a working model that can be used as a framework for understanding

success in first-year engineering courses.
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Tinto’s Model

This model was introduced in the 1970’s during which it was subjected to several
empirical studies and revised to illustrate the process of adjustment to college experience
(Tinto, 1993; Tinto, 2006). According to the model, a student must abandon adjust to a
new college culture. During this process of adjustment, the student brings with him
unique pre-college characteristics, college goals, and career goals. Once the student is
firmly settled, he undergoes another process of social and academic integration to enable
them fit within the organizational structure. In Tinto’s model, social integration refers to
a student’s exhibiting a healthy social relationship with their peers as well as staff.
Academic integration refers to the student being able to meet the desired academic
objectives. This leads to value added education where there is persistence in student
performance. This can be illustrated using a student intending to join college with a
specific set of career objectives. As the student gets academically and socially integrated,
he may decide to change their goals to match that of their career.

The Tinto model essentially focused on the experience students have during their
4 years in college. This model focused more on social and academic experiences and less
on precollege characteristics. This has led some critics to discuss whether these are the
most important attributes in determining student success. In this regard, Braxton (2000)
remarked that the Tinto model tends to focus more on social aspects of integration as
opposed to the academic aspects. On the contrary, there are other researchers who have
found that the Tinto model actually highlights more of academic integration aspects

(Scalise et al, 2000; Allen, 1999).
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Tinto initially conceptualized that the student is responsible for ensuring the
realization of a good fit between the institution and the student. In this regard, a student
having poor academic and social integration was most likely going to drop out. However,
the theory was later changed by recognizing the institutional culture as being one of the
factors that encourage students to remain dedicated to their course (Tinto, 2007). One
weakness that was identified by the Tinto is that it does not address policy guidelines and
programs to streamline institutional action towards better social and academic
integration. Kubiak (2005) adds that the Tinto’s model is consistent with Fiegenbaum’s
explanation of value added quality. In reference to the first year student success model,
Tinto’s model supports the need to have an effective engagement between professor’s
and first-year engineering students to ensure success (Tinto, 2006; Tinto, 1993). Indeed,
this is an important point where members of the teaching staff connect with the first-year

engineering students.
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2.4 DEVELOPMENT OF A RETENTION MODEL FOR FIRST-YEAR

ENGINEERING STUDENTS

The Tinto model was essentially used as a base model to design a new model for
first-year engineering success. This model focuses on the attributes of retention as well as

academic success. This model is essentially portrayed in Figure 5.

Pre-Callege
Characteristics

Freshman Year Process

Retention
Decison

P1. High School

P4. Commitment
to Careerand |
Educational Geals

Fo. Confidence
in Quantitative
Skills =

P&. Commitment
ta this College

Integraticn

P7 Financial
MNeeds

P& Family
Support

P2 Social
Engagement

<>

Leave
Engineering

Academic Revised Commitment
Achievernent | | to Educational goal
of Engineering
P2 Quantitative andthis College Return 2nd Yearto
Skills S Engineering College
Integration Level of Decision
P Study Habits Leaming '—.cademlcSucc.e.ss fo Stay or
ki ? (15t Vear GPA) Leave Leave
2ocial

Engineering College

!

Transfer to ancther
Coll

Univarsity

same

College

Figure 5. Illustrating a block diagram for First-Year Student Engineering
Success (Veenstra, 2008)
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2.4.1 Pre-College Traits

This section focuses on the some of the pre-college traits that play a major role in

determining the student success model. In order to accomplish the goals of this section,

the following subsections were developed:

ii.
iii.

1v.

2.4.1.1 Literature review process
2.4.1.2 Comparison between the literature review and Tinto model
2.4.1.3 Literature review findings

2.4.1.4 How student success in engineering education varies from other
disciplines and how this influences the first year engineering student success
model

2.4.1.1 Literature review process

Figure 6. provides the process that was followed in accomplishing the literature review.

Tinto's Model Englnee.ring Education
Education 3
Y % Empirical
Empirical Studies
Studies
Revise from
Four Year Program —*— —*—
to Freshman Retention Literature Literature
Review Review

Y

Revise Pre-College Characteristics
for Freshman Engineering Retention

Y

Final
Freshman Engineering
Success Model

Figure 6. Process of developing in the First-Year engineering student success

model (Veenstra, 2008)
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This model enabled the study to begin by focusing on a wide option of variables.
Since there are limited educational materials focusing on the first-year engineering
student success, this ensured that the reviewed information from education research and
retention studies (4-6 years). These enabled the development the variables used to define
student success. The Tinto model’s defined precollege characteristics were essential in

choosing the variables.

2.2.1.1 Tinto’s Model’s Pre-college Characteristics

The definitions of precollege characteristics provided by Tinto’s model were
essentially used as a guideline in the current research. According to Tinto (1993),
students join institutions of higher learning with different backgrounds informed by
attributes like social status, community size, and level of parental education. Students
also come with a range of personal attributes such as race, sex, and physical handicap
(Tinto, 1993). There are unique skills that accompany the students and these may either
be social or intellectual. Some students come from families with limited financial
resources while others from rich background. Students may also have unique dispositions
such as political affiliation, motivation, or intellectual (Tinto, 1993). There are students
who may have achieved high or low GPA at the high school level. Additionally, Tinto
(1993), adds that students have different intentions and goals, and one’ level of
commitment to these goals may influence occupational choice and type of institution in
which they gain entry. In essence, Tinto’s model categorizes commitments and goals
differently from student pre-entry traits. However, in the first year engineering student

success model, these are included as a part of the pre-entry traits. Additionally, in the
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first-year engineering student success model, gender and race were eliminated because

the aim was to propose a unifying model for all genders and races.

2.2.1.2 Literature Review Supporting Precollege Traits
Pillar1. High School Academic Achievement

Academic and non-academic variables were taken into account in developing
information for the literature review. The analysis showed strong support for the rank and
high school GPA as good indicators for academic variables. High school GPA can be
used to model first-year engineering student success or retention (Lackey et al., 2003;
Levin & Wyckoff, 1998). It has also been used as a variable in some first-year education
success and retention studies (Williamson & Creamer, 1988; Glynn et al., 2005).

On the contrary, some studies have focused on the influence of GPA on other
levels as well. For instance, another study established that there is a big difference in
terms of high school GPA between students who returned in the second-year and those
who left after the first-year (Burtner, 2004). Additionally, some scholars believe that high
school GPA plays a major role in the advanced years in college engineering. For instance,
some studies indicated that academic success and retention in the upper engineering
classes shows that high school GPA is a predictor (Zhang, et al., 2004; Astin & Astin,
1992).

On the other hand, previous engineering retention and success studies have
indicated that high school ranking plays a significant role (Scalise et al, 2000;
Besterfield-Sacre et al., 1997). Retention refers to progression to the next level while
success refers to high achievement. The same has also been observed in first-year

education retention and success studies (Allen, 1999; Terenzini et al., 1985). In another
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study focusing on upper class division retention and success, it was established high
school ranking was a predictor (Besterfield-Sacre, 2002; Moller-Wong & Eide, 1997;
French et al, 2005).

However, Scalise et al. (2000) observed that SAT total scores was a major
predictor of first-year engineering class retention. In other first year education studies, it
was also established that the ACT composite score played a major role in determining
retention (Terenzini et al., 1985; Tinto, 1993; Pike et al., 1997). In the upper division
engineering segment, it was also established that SAT Total and ACT composite scores
play some role (French et al, 2005; Padilla et al., 2005; Eide and Moller-Wong, 1997).
The same was also observed in upper division education studies (Astin and Osuguera,
2005; Tinto; 1993).

Meta-analysis of another 109 studies focusing on college and university retention
also indicates that ACT scores, high school GPA are major predictors of retention and
success (Robbins et al., 2004; Lotkowoski et al., 2004). In another study focusing on
numerous institutions, provided evidence showing that ACT scores and high school GPA
have a strong correlation with college GPA (Seidman, 2005). It is important to note that
even though SAT/ACT scores are major predictors for students to continue in
engineering based on previous studies, in the current study it will not be included because
of the inconsistency of SAT/ACT scores in our database.

Other studies indicate moderate support for non-academic attributes as playing a
role in retention and success in engineering studies. Self-confidence was specifically
identified as having a strong correlation with retention and good college GPA (Robbins et

al, 2004; Lotkowski et al., 2004). Another study indicates that self-confidence in
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speaking and writing skills was a significant determinant of attrition among engineering
students (Besterfield-Sacre et al, 1997). This study showed that those engineering
students who left engineering had average scores in communication skills while students
who stayed in engineering had high scores in communication skills.
Pillar 2. Quantitative Skills

Research studies show that those SAT and ACT scores in math are
important in determining student success in engineering education. Empirical studies
focusing on first year engineering indicate that SAT and ACT scores in math are major
predictors when it comes to determining retention and success (Wyckoff, 1988;
Besterfield-Sacre et al., 1997; Leuwerke et al., 2004; Lackey et al., 2003). Another study
focusing on performances in upper class engineering shows that ACT and SAT math
scores are an effective predictor of retention and success (Moller-Wong & Eide, 1997;
Zhang et al, 2004; Astin & Astin, 1992; Besterfield-Sacre et al., 2002; French et al.,
2005). It has also been established that placement test scores play a significant role in
establishing retention and success in engineering education (Budny et al, 1998; Levin and
Wyckoft, 1988; Besterfield-Sacre et al., 2002). Adelman (1992) observed in his multi-
institutional study that the highest level of math that a student studies while in high
school has a major influence towards his completion of the bachelor degree. Astin and
Oseguera (2005) supported this by showing that the number of years spent on math in
high school was a major predictor towards graduation rate prediction.

Pillar 3. Study Habits
Studies show that the study habits play a significant role in determining

retention and success in first-year engineering studies (Tinto, 1993; Donovan, 1984;
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Glynn et al., 2005). Indeed, the number of hours per week that a student dedicates
towards studying in high school is critical in determining student retention and success
(Besterfield-Sacre et al., 1997; Levin and Wyckoff, 1988; Burtner, 2004; Scalise et al.,
2000). It has also been established the hours that a student spends in their high school
studies is a significant determinant of a successful six year graduation (Astin and
Oseguera, 2005). Time management is another attribute of study habits that has been
established as playing a major role in enhancing college retention and GPA scores
(Robbins et al., 2004). In 3-4 retention studies, it was established that retention was
negatively affected by faculty integration, but student integration led to an opposite
reaction (French et al., 2003). This was an important aspect towards learner-teacher
engagement at high school level. A follow up study discovered that there was more
positive effect on retention resulting from learners talking to teachers outside the class
environment (Astin and Oseguera, 2005). In a cohort study, an interesting relationship
was established among studying pattern with friends, teacher help, and achievement of
extra credit in high school played a significant role in determining retention (Glynn 2005-
2006). Independent learner traits were also established as being a good factor in
engineering education because they are able to demonstrate better responsibility in their
learning and they make the learning environment favorable (Astin and Astin, 2000).
Other aspects that affect good study habits in high school and college included frequency
of reporting late to class. Indeed, it was established in a study that the probability of
students being placed on academic probation was frequent among students who had a
high frequency of reporting late to class than students who had a low frequency

(Shumann et al., 2003). In another 303 Higher Education Research Institute (HERI)
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college study, it was established that frequency of coming late had an impact on the 4-6
year retention (Oseguera, 2005-2006). In a follow up study focusing on students who
transferred out of engineering, it was established that 37% were not emotionally prepared
to handle the rigorous engineering curriculum (Shumann et al., 2003).
Pillar 4. Commitment to Educational and Career Goals

According to studies conducted by Besterfield-Sacre et al (1997), Burtner
(2004), and Hartman and Hartman (2006) students who tend to have a positive
impression about engineering as a career have a better first year engineering retention
rate. Students who have intrinsic interest towards engineering tended to have college
GPA scores and the difference is at 0.14 compared to those students who are engineering
because of the high pay associated with the career (Levin and Wyckoff, 1988). Another
study established that students who were positively oriented towards engineering as a
career through effective theoretical contributions in their first year engineering actually
had better graduation rates than their counterparts (Astin and Astin, 1992; Moller-Wong
and Eide, 1997). First-year engineering students who had more of their peers in
engineering courses in first year level or parents who are engineers tended to have better
retention rates (Seymour and Hewitt, 1997; Astin and Astin, 1992). First-year
engineering students who joined engineering courses because of the perceived attractive
pay at the end of the course switch majors on to other courses if their academic
performance was low (Besterfield-Sacre et al., 1997; Seymour and Hewitt, 1997). Studies
focusing on upper division college retention established that having a positive personal
drive to achieve high scores with an aim of joining graduate school led to better retention

(Astin and Oseguera, 2005). Personal motivation is also a factor that improves retention
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among upper division college engineers (French et al., 2005). Another study used the
Hexagon Congruence Index (HCI) and ACT math scores to examine first year
engineering retention (Leuwerke et al., 2004). HCI was essentially used to establish the
congruence between an engineering career and the perceived individual interests of the
844 students that participated in the study. The study established that having a strong
interest in engineering is not sufficient because retention weights more towards math
achievement. This is because more students who had high math scores remained in
engineering compared to those who had a higher interest (Leuwerke et al., 2004). The
study also established that when the interest of students who had high math scores was
improved, the probability of retention was significantly increased. On the other hand,
students who had less interest, lower ACT scores, and lower college GPA had a high
probability of leaving engineering. The study also established that gender and ethnicity
did not play a major role in determining the attrition rate (Leuwerke et al, 2004).
Pillar 5. Commitment to College

Commitment among first engineering students to their choice of college can be
used as a predictor of first year engineering retention. In a multi-institutional study, it was
established that a student’s choice of college did not play a major role in influencing their
persistence in the engineering career (Astin and Astin, 1992). Nevertheless, other studies
show that a student’s commitment to their college or university had a positive correlation
with first year engineering retention (Lotkowski et al., 2004; Pascarella and Chapman,
1983; Robbins et al., 2004; Glynn et al., 2005). Thus, it implies that personal motivation
and a will to manage the rigorous engineering curriculum determines the success of first-

year engineering students.
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Pillar 6. Financial Needs

Previous retention studies indicate that access to financial assistance is an
important predictor of retention and success in engineering studies. (Brainard and Carlin,
1998, Astin and Astin, 1992; Johnson and Sheppard, 2002). Indeed, students who secured
scholarship had better first term GPA during their first-year (Besterfield-Sacre, 1997).
Another study pursued a causal model to establish that access to financial aid had a direct
influence on a student’s first year GPA; however, this did not positively influence their
retention levels (Allen, 1999). Additionally, in another Higher Education Research
Institute (HERI) study, it was established that students who were constantly worried
about their ability to pay for their college tended to have lower retention rate (Astin,
2005-2006).

Pillar 8. Family Support

A study by Seymour and Hewitt (1997) reported the power of the influence of
family members when students are deciding whether to enroll or not enroll in engineering
college. The study revealed that students’ concern about their parent’s earning potential
in other fields and their commitment towards paying their fees inspired them to stay on.
Family support also plays a major role when it comes to retention (Tinto, 2006; Elmers
and Pike, 1997; Pike, Schroeder and Berry, 1997). Other studies have also established
that education level of a parent plays an important role in determining retention (Glynn,
2005-2006; Oseguera, 2005-2006). Encouragement from family members and friends
also played a role in first-year retention (Nora, Cabrera, and Castaneda, 1993). This

support and encouragement is essential during the first semester. Hence, it is important
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for higher learning professionals to involve parents and friends in the first semester in
order to play a role (Elkins, Braxton, and James, 2000).
Pillar 9. Social Engagement

According to Astin’s theory of involvement, it is important for students to
involve themselves in social activities such as volunteer organizations and clubs (Astin,
1984). A student who participates in these activities becomes more integrated. A recent
study revealed that students became more attached to the institutional values when
they’re participated in community work (Astin and Oseguera, 2005). Social involvement
has also been associated with better retention and higher college GPA (Lotkowski et al.,

2004).

2.2.1.3 Variation of Student Success in Engineering Education from Other
Disciplines and How This Influences the First Year Engineering Students Student
Success Model

The role of this section is to show how the process of achieving success among
engineering students is different from what other students experience in other disciplines
and how this influences the experiences and success of first-year engineering students.
This will be covered in the topics below:

Role of Engineers in Technology Enhancement and Design

The engineering curriculum focuses on fulfilling the engineer’s role and purpose
in society. A competent engineer should be able to solve problems through innovation
and production of new product designs. It is this need for constant innovation that makes
them special place in the society. To be able to this, an engineering student should be an

analytical thinker who aims at developing new design systems and innovation.
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The Engineering Program

The engineering program is designed to propel students towards achieving their
professional career. Similar to other programs such as medicine or business, the
engineering program also has well defined career goals. These goals require a functional
student success model to guide them towards a definitive career in engineering.

Math and Science in the Engineering Curriculum

Math and science play a very fundamental role in engineering. This is because of
the analytical and technical approach employed in engineering. The way the engineering
curriculum has been structured, students are required to take more science and math
based pre-college courses compared to other programs such as liberal arts. This implies
that the retention of engineering student is highly dependent on the performance of
engineering students in these courses.

First-Year Engineering Grading

Astin (1993) claimed that engineering students tend to have lower GPA points
compared to students in other courses. This implied that students who have better
performance in math and science are better competitors than their counterparts with weak
science and math performance. As a result could lead to a higher percent of engineering
students on academic probation after the first year. However, a more recent study by
Ohland (2008) et al. does not support this view.

Common Assumptions between First Year Engineering Students and Other

Programs
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1. An engineering major essentially prepares the student for a career in engineering.
Professionals programs also do the same; however, liberal arts and science

programs tend to focus less on a well-defined career.

ii.  An engineering program aims at strengthening the problem solving and analytical
skills, consequently necessitating an intense science and math program during the

first-year engineering students year.

iii.  Admission in an engineering program tends to have more pre-college preparation

science and math courses than other programs

These assumptions were considered in developing the first year engineering
student engineering success model. The fourth pillar outlines engineering alignment to
career objectives. The second pillar focuses on aspects of engineering curriculum with
regard to acquisition of analytical skills and technology. The first pillar focuses on issues
regarding math and science based pre-college courses. Additionally, the pillars also
address the assumption that the grading mechanism is different indirectly connected to

the attributes of student success.

2.2.1.4 First-Year Engineering Process and Its Impact on Successful Learning
Academic integration generally focuses on the performance attributes of
the student while social integration focuses on the level to which a student cultivates a
good relationship with faculty member and other peers. Looking at the Tinto model, it is
evident that it is not based on the assessment that the experience of First-Year
engineering students in the community is influenced by attributes of social and academic

integration, (Tinto, 2006).
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Increased Commitment towards Continuing Engineering Degree

It has been established in the Tinto model that when students begin their studies,
they tend to review their academic and career goals (Tinto, 1993). This concept has been
reinforced in the Watson and Froyd engineering education model, which labels this as an
interference effect that, affects the link between career goals, cognitive performance, and
self-identity (Watson, 2007). Adelman also gave a similar observation in his study
focusing on the path towards attaining engineering major (Adelman, 1998). This is
mainly observed among students intending to pursue either science or math majors.
When the student is doing this review, they also tend to reevaluate their institutional
commitment level. In this regard, those students who had integrated at social as well as
academic levels tend to portray a higher probability of staying. Nevertheless, in my
literature review I did not find sufficient evidence focusing on attributes of an
engineering career with regard to retention.
Decision to Leave or Stay in an Engineering Program

This essentially focuses on the retention levels of engineering students at the end
of their first-year engineering students. According to Veenstra (2008), it can be expressed
in four states as follows:

i. Engineering students make a decision to stay
ii. Engineering student leaves or transfers to another program in the same institution

iii. Engineering student leaves or transfers to another university or engineering
college

iv. Engineering student decides college isn’t what they want and leaves completely

Impact of Low GPA and Academic Probation on Student Decision to Leave
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The case among students who are not prepared to handle the math and science
rigor that they are subjected to it was observed that students who earned less than a grade
C tended in the first two terms ended to leave engineering. In Tinto’s model, more focus
was given to students leaving engineering voluntarily but it did not explicitly focus on
academic probation (Tinto, 1993).

How Society Defines Loss?
This will be depicted in Figure 7, which illustrates loss function based on

retention:

Lgss to Society

Loss

/ Loss to Initial University
0
A \ / B C D
Transfer
Retained in to Drop-Out
Same University Another
"On Target" University

Stage of Retention

Figure 7. Illustrating Loss With Regard To Retention Or Attrition Among
Engineering Students (Veenstra, 2008)
States A and B show that the student appreciates the investment put by the
institution by staying in their respective engineering programs; hence, there is no loss.

The first-year engineering students year is essentially a time when students are still
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making up their minds on whether to proceed or not. State C shows that a student decides
to leave the engineering progra and instead transfers to another engineering college or
univeristy. In this state, the student is still relevant in the program and will add value to
the society. State D shows that after the first year, the student decides to drop out. This

results in a loss in the society as well as the engineering program investment.

2.5 Summary

In essence, the thesis of the paper states that first-year engineering students is not
the same as general college retention. To arrive at this, a review of the present
engineering models was carried out with the sole aim of developing a first year
engineering students retention model that derives pre-college characteristics expressed in
the Tinto model. This model has enjoyed wide acceptance from education researchers for
a period of 30 years. The components that are essentially expressed in the first year

engineering students retention model are illustrated in Figure 8 below:
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3.0 METHODOLOGY

The accuracy of the outcomes from any statistical model is primarily determined by the
data and method pursued in examining the data. In this regard, the following will be used:
First model: Students retained in Engineering after the first-year will be the
dependent variable while the students’ engineering performance will be used as the

independent variables.

Second model: the period it takes (in terms of years) to successfully complete and
graduate from an engineering program will be used as the dependent variable while the
GPA attained during the first-year and model variables and engineering performance will
be used as the independent variables

Regression analysis has previously been identified as a suitable method for
modeling college GPA (Levin & Wyckoff, 1988; Besterfield-Sacre et al., 1997). In this
research regression analysis is applied because it enables the researcher to control the
precollege characteristics in particular dichotomous variables. Additionally, logistic
regression modeling has been used in many prior studies as well (French et al., 2005;
Levin & Wyckoff, 1988; Astin & Astin, 1992; Scalise et al., 2000; Besterfield-Sacre et

al., 1997).

3.1 ETHNICITY AND GENDER DIFFERENCES

In the recent past, there has been an increase in the number of engineering
students from traditionally underrepresented groups such as minorities (non white) and
women groups. As such, it will be important to determine whether retention is

statistically different from that of majority student cohort. In this regard, a generalized
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linear model was used to establish the existence of statistical differences in the identified
variables.

The participants used for the study students from YSU who had enrolled in the
course Engineering 1550 from 2005-2012. This study also intends to examine the factors
responsible for predicting the likelihood of a student joining a STEM program or an
ABET accredited Engineering program to complete studying in the same institution. This
will allow the study to examine the current recruitment strategies being employed in the
campus setting in order to offer proper advice to staff members in the institution.
Nevertheless, the study fails to identify the occurrence of challenges experienced and it
also does not analyze the present recruitment and retention strategies. The main intention

is to identify differences to improve retention.

3.2 RESEARCH DESIGN AND TARGET STUDIES

The first component of the research is a quantitative analysis focusing on 1238
Y SU Engineering1550 graduates from 2005 till 2012 and it pursues discriminate analysis
on the data for every participant. In this analysis, the matriculation or non-matriculation
of a student will be the dependent variable. The independent variables will be race,
gender, calculus I grade, total number of days taken to graduate, GPA earned at first
semester, and grade earned in Engineering 1550. Days were converted into years for

more precision in analysis.
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33 DATA COLLECTION AND ANALYSIS

Institutional Research provided the data for the current study. Among the
variables collected included student’s demographic information and academic
performance record. The data were then grouped into three main categories as follows:

¢ Continuous enrollment in same institution

*  Drop Out from the STEM program (this consisted of students who initially started

in a STEM program but failed to completed their studies).

* Engineering graduate (refers to a student that successfully completed studies and

graduated in Spring 2009-2013)
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4.0 DATA ANALYSIS

This study uses First-Year Engineering students from the Institutional Research
database at Youngstown State University. Historical student records were analyzed from
2005-2012 in order to understand research questions related to persistence and retention.
Logistical Regression was used to identify academic factors that predict engineering

student’s graduation and retention rates.

4.1 ANALYSIS ON ENGINEERING POPULATION
The data analysis of 1238 students enrolled in the ENGR 1550 course from 2005

to 2012 is presented in this section.

Table 2 shows that from 2005 to 2012, enrollments in ENGR 1550 increased over
time. The interesting feature is that the female count in 2009 was the lowest at 12;
however, the male enrollment was stable through out the years ranging from 106 to 176.

Table 2. Count of All Students Enrolled in ENGR 1550 (Engineering
Concepts) 2005-2012

Gender | 2005 2006 2007 2008 2009 2010 2011 2012 Total
Male 106 123 127 123 120 143 147 176 1065
Female |20 20 23 24 12 21 21 32 173

Total 126 143 150 147 132 164 168 208 1238

Table 3 shows that from 2005 to 2012, more men than women enrolled in ENGR
1550. In 2009, 91% of the population was men compared to 9% female. Based on the
data from table 2, in 2009, women had the lowest enrollment with 12 students compared

to other years.

Table 3 Percentage of All Students Enrolled in ENGR 1550 (Engineering
Concepts) by year 2005-2012

Gender 2005 2006 2007 2008 2009 2010 2011 2012
Male 84 86 85 84 91 87 88 85
Female 16 14 15 16 9 13 13 15
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Table 4. shows the significant differences in gender success in engineering.

Based on the 95% confidence interval and p-value, we conclude that there is a
significant difference between the overall male and female ratio. Thus, there were more
female engineers retained to graduation than males. In addition, there is a significant

difference between the male and female ratio; which shows that female engineering

students take longer to graduate from engineering then males. On average it takes females

4.39 years to graduate and 4.28 years for males.

significance between continuing male and female ratio.

Table 4. T-Test Results for Gender Success in Engineering

On the other hand, based on the 95% confidence interval, there is a no statistical

Retention to Graduation Difference to Overall Difference of Male and
Ratio Female P-Value | P-Value | Significance
Rate R1)-R((2) R(1)-R(2)
Overall 0.2132
0.313 Not
Male 0.1962 0.1962-0.2132=-0.0170
Significant
Female 0.3179 0.2132-0.3179=-0.1046 0.1962-0.3179=-0.1216 0.005 0.001 Significant
Retention to Enrollment Difference to Overall Difference of Male and
Ratio Female P-Value | P-Value Significant
Rate R1)-R((2) R(1)-R(2)
Overall 0.2763
0.889 Not
Continuing Male 0.2789 0.2763-0.2789=-0.0026
Significant
0.651 Not
Continuing Female 0.2601 0.2601-0.2763=-0.0161
0.2601-0.2789=-0.0188 0.603 Significant
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Figure 9 shows the number of male and female students who enrolled for ENGR 1550
from 2005 to 2012. From the graph, it is evident that there has been a gradual increase in

the enrollment, especially among males. This implies that there is a gender parity issue in

enrollment.
Number of Students by Gender who started in ENGR 1550 by
year
k Male ™ Female
2005 2006 2007 2008 2009 2010 2011 2012

Figure 9. Number of Students by Gender who started in ENGR 1550 by year

This table 5 shows that more whites enrolled than any other racial group. It also
shows that less non-resident women enrolled compared to non-resident males.
Additionally, less female racial minorities enrolled than males. This also included Blacks,
Hispanics, and Asians.

Table 5. Number of Male and Female Students by Racial Group Enrolled in
ENGR 1550 (Engineering Concepts) 2005-2012

Gender | Black | Hispanic | Asian | Non-Resident | Unknown | White | Multiple | Other Total
Male 37 29 10 14 82 886 6 1 1065

Female 8 7 4 1 9 140 3 1 173
Total 45 36 14 15 91 1026 g 2 1238
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Table 6 shows the percentage of minority vs. majority of students who were
enrolled in ENGR 1550 from 2005 to 2012. The percentage of minority students ranged
from 4 to 11 percent. In 2009, minority female students were at the lowest for enrollment
compared with to other years. In this data, students belonging to other races apart from
whites represent minority students.

Table 6. Percentage of Minority and Majority students enrolled in ENGR
1550 by year

Ethnicity | 2005 2006 2007 2008 2009 2010 2011 2012

Minority 8 9 7 6 4 9 10 11

Majority | 92 91 93 94 96 91 90 89

Figure 10 shows the percentage of minority and majority of students enrolled in
ENGR 1550 from 2005 to 2012. The data shows that more students from the majority
racial group (White) enrolled for the ENG 1550 course every year compared to students

from minority racial group.

Percentage of Majority and Minority Students
starting in ENGR 1550 by year

& Majority ™ Minority

2005 2006 2007 2008 2009 2010 2011 2012

Figure 10. Percentage of Majority and Minority Students enrolled in ENGR 1550 by
year

Figure 11 shows the total number of students who graduated from YSU after

enrolling for ENGR 1550 from 2005 to 2012. Engineering is the highest at 72%
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compared to other majors and STEM. The enrolments in statistics for engineering was
higher then STEM, with 65% of students completing their degree in four years, 28%

completing their degree in five years, and 7% completing their degree in six years.
Percentage of Graduated Student’s Discipline between
2005-2013 since starting in ENGR 1550

EStem HEngineering Other Major

18% 10%

~—
72%

Total number of students: 370
Figure 11. Percentage of Graduated Student’s Discipline between 2005-2013
since starting in ENGR 1550

42  MAJORITY DATA ANALYSIS
Figure 12 shows that out of the 321 students that graduated from YSU after taking

ENGR 1550, engineering students were the highest with a 68% representation while

engineering technology students were second with a representation of 14%.

Percentage of Graduated Majority Student’s Discipline since starting in ENGR 1550

& STEM E Engineering Engineering Technology & Other Majors
9% 9%
14%
-
68%

Total number of students 321
Figure 12. Percentage of Graduated Majority Student’s Discipline since
starting in ENGR 1550
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Figure 13 shows 444 students continuing undergraduate students enrolled at YSU.
The highest percentage of continuing students is engineering 70%; however, other majors

(including non-STEM majors) were second highest at 15%.

Percentage of Continuing Majority Student’s Discipline since

starting in ENGR 1550
6%
15% g % STEM
9% - H Engineering
70% Engineering Technology
. & Other Major

Total number of students 444
Figure 13. Percentage of Continuing Majority Student’s Discipline since
starting in ENGR 1550
Figure 14 shows the breakdown of the 224 students by engineering discipline who
graduated from YSU between 2005and2013. From this, 25% came from Mechanical
Engineering, 24% Civil Engineering, 26% Electrical Engineering, 16% Chemical

Engineering, and 9% from Industrial Engineering.

Summary of Engineering Student Graduates by Discipline
(2005-2013)

“ Chemical
¢ u Civil
25% Electrical
9% 260 2@ “ Industrial
— Mechanical

Total number of students 224
Figure 14. Summary of Engineering Student Graduates by Discipline
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Figure 15 shows the percentages of students continuing towards an engineering
degree. Of the 302 students who took ENGR 1550 between 2005and 2012, 40% were
Mechanical, 26% Electrical, 15% Civil, 26%, 10% chemical, and 9% Industrial
Engineering. Comparing these percentages to the students who graduated during the same
time period, Mechanical Engineering accounts for only 25% of the students. Based on
enrollment in Figure 16 shows that Mechanical Engineering had 118 incoming students,
which was the highest number of compared to other engineering majors.

Summary of Continuing Student's Engineering Degree by
Discipline (2005-2012)

10%
& Chemical
0% & Civil
0
ﬂ Electrical
26% & Industrial
9%
. Mechanical
Total number of 302

Figure 15. Summary of Continuing Student’s Engineering Degree by
Discipline (2005-2012)

Figure 16 shows the number of students (both majority and minority) still
pursuing a Bachelor’s Degree in Engineering. This figure shows that Mechanical
Engineering ha the largest number of incoming students and also the largest number of
male students. However, electrical had the second highest number of incoming students
while Chemical Engineering had the highest number of incoming female students. This
figure validates the elevated percentage of students that were continuing in Mechanical

Engineering but had not yet graduated.
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Enrollment of Continuing Engineering Students's

120 Majors by Gender

i Male M Female

76
47
31
24
12 14
5 5 8

Mechanical Electrical Civil Chemical Industrial

Figure 16. Enrollment of Continuing Engineering Student’s Majors by
Gender
Figure 17 illustrates gender frequency in the number of students pursuing different
graduate disciplines who took ENGR 1550 since 2005. The graph shows that most of the
students who enrolled were males. It is also evident that students who do not continue in

engineering join technology at a higher rate than other majors.

NUMBER OF GRADUATE’S DISCIPLINE BY GENDER WHO STARTED IN ENGR 1550 SINCE
2005

M MALE M FEMALE

180
24 7 ‘ 144 15 1 37 4 2 0 5 0 2 1 1 1
N S < NS
S & S w <S
<-_‘} Q)é N ‘2& \§>

Total number of students 224
Figure 17. Number of Graduate’s Discipline by Gender who started in ENGR 1550 since 2005

Figure 18 shows the frequency of students continuing towards degree completion
by major and gender that took ENG 1550 between 2005 and 2012. Engineering was the

highest discipline having the highest enrollment for both genders among other majors.
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263  Number of Continuing Majority Students towards a Degree by Major

i Male M Female

39 35
4 i 2 5 4 2 11 3 1 3 9 9 13 8
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Figure 18. Number of Continuing Majority Students towards a Degree by
Major
Figure 19 shows the number of years it took for majority students to graduate.
62% graduated in 4 years or less, 29% graduated in 5 years, and 9% graduated in 6 or

more years. The average time for majority students to graduate was 4.23 years.

Number of Years it took Engineering Students to Graduate

from YSU since 2005
Klessthan 4 years 4 years S5years E6years “ more than 6 years
0,
70 2%

Total number of graduate is 321
Figure 19. Number of Years it took Engineering Students to Graduate from
YSU since 2005
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Figure 20a shows that engineering was the highest degree earned in the 4-year
graduation for majority students represented by 83%. Similarly, Figure 20b shows that
engineering was the highest degree earned in the 4-year graduation period for minority
students represented by 96%. However, 20b shows when minority students leave

engineering they switch to non-STEM.

Summary of Majority student majors
who graduated in 4 years
(since started in ENGR 1550 in 2005)

WSTEM HEngineering © Other

10% 7%

Summary of Minority Students
majors who Graduated in 4 years
(since starting in ENGR 1550 in 2005)

ESTEM  HENGINEERING OTHER

4%
0%

Total number of students 181
20a.

Total number of students 23
20b.

Figure 20. a and b Summary of Majority and Minority Students majors who
Graduated in 4 years (since starting in ENGR 1550 in 2005)

Figure 21a shows that engineering was highest degree earned in the 5-year
graduation period for majority students at 69% and in 21b it shows 83% for minority
students. This shows that during this graduation period, there was a lower percentage of

engineering completion rates among majority engineering students.
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Summary of Majority student L.
majors who Graduated in 5 years Summary of Minority Students

(since starting in ENGR 1550 in who Graduated in 5 years (since
2005) starting in ENGR 1550 in 2005)

ESTEM BENGINEERING ©OTHER
ESTEM ®Engineering © Other

0%
13%

17%

Total number of students 94 Total number of students 12
21a. 21b.

Figure 21. a and b Summary of Majority and Minority Students who
Graduated in 5 years (since starting in ENGR 1550 in 2005)

Figure 22a shows that of all the students that initially took ENGR 1550 between
2005 and2012 and graduated in 6 years. Most were students who remained in engineering
(56%); however, other (non-STEM) was the second highest degree with 36%. Figure 22b
shows that among minority students, engineering was the highest degree earned in the 6-

year graduation with 70%, and STEM was the second highest degree with 20%.
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Summary of Majority students
majors who Graduated in 6 years
(since starting in ENGR 1550 in
2005)

Summary of Minority students
majors who Graduated in 6 years
(since starting in ENGR 1550 in
2005)

ESTEM ®Engineering - Other B STEM EENGINEERING = OTHER

36%

Total number of students 22 Total number of students 10
22a. 22.b

Figure 22. a and b Summary of Majority and Minority Students Majors who
Graduated in 6 years (since starting in ENGR 1550 in 2005)

Figure 23a shows that students who graduated in 4 or less years. Electrical
engineering had the highest number of graduates with 46 students while Civil engineering
had second highest with 43 students. Figure 23b shows that students who graduated in
the 5 years Mechanical Engineering had the highest enrollment with 24 students.
Electrical Engineering had second highest with 15 students. Figure 23c shows that
students who graduated in 6 or more years with Civil Engineering having the highest

enrolled with 8 students.
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Enrollment of Graduate Student’s
Engineering Discipline who graduated
in 4 or less years by Gender

W Female & Male

43

29 33

23a.

Enrollment of Graduate Student’s
Engineering Discipline who graduated
in 5 year by Gender

W Female & Male

21
15

23b.
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Enrollment of Graduate Student’s
Engineering Discipline who graduated
in 6 or more years by Gender

HFemale & Male

Figure 23. a-c Enrollment of Graduate Student’s Engineering Discipline who

graduated in 4,5 and 6 years by Gender

Figure 24 a-c shows a summary of students in engineering discipline who

graduated in 4, 5 and 6 years. Figure 24a shows 4 year electrical engineering graduates

had the highest graduate percentage at 26%, Civil Engineering was second highest at

24%, and a tie between Mechanical and Chemical Engineering at 21%. Figure 24b shows

5-year mechanical engineering students had the highest graduate percentage at 33%, and

second highest was Electrical Engineering at 23%. Figure 24c shows 6-year engineering

Civil Engineering had the highest graduate percentage at 33% while the second highest

was Mechanical Engineering at 28%. Over the graduation period, students who took

longer to graduate included those majoring in Industrial and Chemical Engineering.

Compared with enrollment in Figure 23a, Electrical and Civil Engineering had the

highest number of incoming students, which verifies the high percentage in graduation in

Figure 24a. In Figure 23bMechanical and Electrical Engineering had the highest number

of incoming students while figure 24b verifies the high percentage in graduation. In

Figure 23c Civil Engineering had the highest number of incoming students compared to
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other engineering majors. As a result, in figure 24¢ Civil Engineering students had the

highest graduation rate among students who completed their degree in 6 or more years.

Summary of Student’s
Engineering Discipline who
Graduated in 4 years

8% i [ndustrial
" " & Chemical
0 Mechanical
26% 5104 i Electrical
—— Civil

Total number of students 172
24a.

Summary of Student’s
Engineering Discipline who
Graduated in 5 years

9% E Industrial
19%, & Chemical
239 ~16%6 Mechanical
33% .
v i Electrical
Civil

Total number of students 75
24b.

5%

Summary of Student’s
Engineering Discipline who
Graduated in 6 years

& Industrial
17% & Chemical
33%
C17% Mechanical
. 28% i Electrical
Civil

Total number of students 18
24c.

Figure 24. a-c Summary of Student’s Engineering Discipline who Graduated

in 4,5 and 6 year

Table 7 shows the significant difference in time taken to graduate in the

engineering discipline. Based on the 95% confidence interval and p-value we conclude

that there were significant differences between Electrical Engineering and all engineering

disciplines. Electrical Engineering had the shortest duration to graduation time compared

to other engineering disciplines. Industrial Engineering took the longest duration for

students to graduate at 4.33 years relative to all engineering students

53



Table 7. T-Test Results for Graduation time by Engineering Discipline

Engineering Major Graduation Time T-Value P-Value Significance
Chemical 4.22 years 0.30 0.764 Not Significance
Civil 4.28 years 0.75 0.458 Not Significance
Electrical 3.99 years -2.25 0.026 Very Significance
Industrial 4.33 years 0.90 0.376 Not Significance
Mechanical 4.19 years 0.130 0.900 Not Significance

4.3  ANALYSIS OF MINORITY DATA

Figure 25 shows the total number of minority students who took ENGR 1550 by

race. The highest at 21% of the students were African American.

Percentage of Minority Students who started in ENGR 1550 since 2005-2012

AJA ASN
*90 out of 205 (44%
1% 6% students are of( )
BLK unknown race. For
UNKN 21% the purposes of these
44% statistics, these
0 -~ HAW HSP students are NOT
1% included in any other
L 2 17% tablesor graphs
NONRES _—"+"=— ___ MULT
6% 4%

Total number of students 205
Figure 25. Percentage of Minority Students Race who started in ENGR 1550
since 2005-2012
Figure 26 shows the percentage of continuing, graduated, and dropped minority
students since enrolling in ENGR 1550. Continuing students had the largest percentage at
51%; however, 31% are no longer in YSU. Compared with majority students, the
percentages of continuing students at YSU was lower with 46% and 20% respectively;

however, the graduated percentage was about 33%, which was greater than graduated

minority percentage.
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Percentage of Minority Students who Graduated, Continued, and No
Longer at YSU since starting in ENGR 1500 in 2005

18%
31% B Graduated
B Current YSU Students
No Longer Enrolled
51%

Total number of students 115
Figure 26. Percentage of Minority Students who Graduated, Continued, and
No Longer at YSU since starting in ENGR 1500 in 2005
Figure 27 shows the count of male and female minority students in each
engineering discipline from 2005-2012. Electrical Engineering was highest with 26 and
second highest in Mechanical Engineering with 24. Comparing with majority data, there
are similar characteristics in terms gender in the engineering discipline. On the other

hand, continuing students had the highest in the two majors are Electrical and Mechanical

Engineering with 121 and 171 respectively.

Count of Engineering Minority Student Majors by Gender since
starting in ENGR 1550 (2005-2012)

M Female M Male
20 22
18
8
5
2
L 4

Chemical Civil Engineering Electrical Industrial Systems Mechanical

Engineering Engineering Engr Engineering

Total number of students equals 93
Figure 27. Count of Engineering Minority Student Majors by Gender since
starting in ENGR 1550 (2005-2012)
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Figure 28 shows the percentages of continuing minority students towards an
engineering degree. Of the 42 students who started ENGR 1550 since 2005, it shows that
40% were in Mechanical, 24% Civil, 19% Electrical, 10% Industrial, and 7% Chemical
Engineering. Based on enrollment discussed previously in Figure 16, it is evident that
Mechanical Engineering had the highest incoming students at 14 compared to other
engineering majors

Percentage of Continuing Engineering Minority Students by
Discipline (2005-2012)

7%

B Chemical Engineering

B Civil Engineering

40% . . .
Electrical Engineering
‘ 19% B [ndustrial Systems Engr
10% Mechanical Engineering
0

Total number of students 42
Figure 28. Percentage of Continuing Engineering Minority Students by
Discipline (2005-2012)

Figure 29 shows the number of years it took for minority students to graduate. Of
the 49 minority students that graduated, 49% graduated in 4 years or less, 25% graduated
in 5 years, and 26% graduated in 6 or more. The average time for a minority student to

graduate was 4.73 years.
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Number of Years it took Minority Students to Graduate since Starting ENGR 1550

in 2005
Kless than 4 years 4 years S5years E6years more than 6 years
6% 2%

25%

Total number of students 49
Figure 29. Number of Years it took Minority Students to Graduate since
Starting ENGR 1550 in 2005
A t-test was conducted to test the statistical significant of majority and minority
graduation rates. Based on the 95% confidence interval, the p-value of 0.1859 was
considered not significant. Thus, there is no significant difference between majority and

minority graduation rate. However there is a statistical significant difference between

majority and minority graduation time based on the 95% confidence interval the p-value

of 0.006.

44  REGRESSION ANALYSIS

This analysis of the first model where engineering discipline is the dependent
variable plus gender, race, ENGR 1550, First semester GPA, and Calculus 1 grades as

independent variables.
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Starting with Mechanical Engineering, the regression analysis was conducted to
understand if there is any significance between independent variables affecting students
continuing to major.

The regression equation is:
Mechanical Engineering = 0.597 - 0.0011 GENDER + 0.0146 RACE - 0.0236
Engr 1550- 0.0729 First Semester GPA + 0.0025 Calculus 1 Grade

Based on 95% confidence interval, we can conclude that the most significant
factors effecting Mechanical Engineering students’ probability of continuing in this major
is first semester GPA because the p value was less than 0.05.

Table 8. Regression Results for Modeling Mechanical Engineering Success

Predictor P Value 1-P value Significance
Gender 0.982 0.018 Not Significant
Race 0.438 0.562 Not Significant
ENGR 1550 Grade 0.384 0.616 Not Significant
First Semester GPA 0.006 0.994 Significant
Calculus 1 Grade 0.811 0.189 Not Significant

*Null Hypothesis assume that Gender, Race, ENGR 1550 grade, First Semester GPA,
Calculus Grade have no statistically significant effect on continuing in mechanical
engineering

Second, based on the 95% confidence interval we can conclude that the most
significant factors affecting Electrical Engineering students’ probability of continuing in
this major is ENGR 1550, First semester GPA and Calculus I grade because the p value

was less than 0.05.

The regression equation is
Electrical Engineer = - 0.193 + 0.0003 GENDER + 0.0178 RACE + 0.0794 Engr
1550 - 0.0760 First Semester GPA + 0.0381 Calculus 1 Grade
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Table 9. Regression Results for Modeling Electrical Engineering Success

Predictor P Value 1- P value Significance
Gender 0.995 0.005 Not Significant
Race 0.241 0.759 Not Significant
ENGR 1550 Grade 0.000 1.000 Significant
Flrsy Semester 0.000 1.000 Significant
Calculus 1 Grade 0.000 1.000 Significant

*Null Hypothesis assume that Gender, Race, ENGR 1550 grade, First Semester
GPA, Calculus Grade have no statistically significant effect on continuing in electrical
engineering

Thirdly based on 95% confidence interval we can conclude that the most
significant factors effecting Civil Engineering students’ probability of continuing in this

major are first semester GPA and Calculus grade because the p value was less than 0.05.

The regression equation is
Civil Engineering = - 0.177 - 0.0290 GENDER - 0.0089 RACE - 0.0270 Engr
1550 + 0.0777 First Semester GPA + 0.0363 Calculus 1 Grade

Based on the 95% the most significant factor is first semester GPA, calculus grade
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Table 10. Regression Results for Modeling Civil Engineering Success
Predictor P Value 1- P value Significance
Gender 0.376 0.624 Not Significant
Race 0.462 0.538 Not Significant
ENGR 1550 Grade 0.122 0.878 Not Significant
First Semester GPA 0.000 1.000 Significant
Calculus 1 Grade 0.000 1.000 Significant

*Null Hypothesis assume that Gender, Race, ENGR 1550 grade, First Semester
GPA, Calculus Grade have no statistically significant effect on continuing in Civil
engineering

Fourthly, based on 95% confidence interval we can conclude that the most
significant factors effecting Chemical Engineering students’ probability of continuing in

this major is first semester GPA and calculus grade because the p value is less than 0.05.

The regression equation is
Chemical Engineering = - 0.0991 - 0.0502 GENDER - 0.0089 RACE - 0.0099
Engr 1550+ 0.0273 First Semester GPA + 0.0376 Calculus 1 Grade

Table 11. Regression Results for Modeling Chemical Engineering Success

Predictor P Value 1- P value Significance

Gender 0.111 0.889 Not Significant

Race 0.444 0.556 Not Significant

ENGR 1550 Grade 0.554 0.446 Not Significant
First Semester GPA 0.093 907 Significant
Calculus 1 Grade 0.000 1.000 Significant

*Null Hypothesis assume that Gender, Race, ENGR 1550 grade, First Semester
GPA, Calculus Grade have no statistically significant effect on continuing in chemical
engineering
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Finally, based on 95% confidence interval we can conclude that the most
significant factors effecting Industrial Engineering students in continuing in this major is
ENGR 1550 grade and first semester GPA grade because the p value was less than 0.05.

The regression equation is
Industrial Engineering = 0.0112 + 0.0156 GENDER - 0.0014 RACE + 0.0323
Engr 1550- 0.0384 First Semester GPA + 0.00204 Calculus 1 Grade

Table 12. Regression Results for Modeling Industrial Engineering Success

Predictor P Value 1- P value Significance
Gender 0.578 0.422 Not Significant
Race 0.895 0.105 Not Significant
ENGR 1550 Grade 0.031 0.969 Significant
Flrsy Semester 0.008 0.992 Significant
Calculus 1 Grade 0.722 0.278 Not Significant

*Null Hypothesis assume that Gender, Race, ENGR 1550 grade, First Semester
GPA, Calculus Grade have no significant statistically effect on continuing in industrial
engineering

Analysis of second model where graduation time was the dependent variable
while the first year GPA, gender, race, Calculus I and ENGR 1550 grade were
independent variables. Based on the dependent variable the objective was to test the

independent variables for statistically significant differences.

The regression equation is
Graduation time = 5.54 + 0.010 Gender + 0.130 Race - 0.162 ENGR 1550 Grade -
0.111 First Semester GPA - 0.0290 Calculus Grade

Based on a 95% confidence interval we can conclude that race was the most

significant factor because p>0.05. Race has a positive effect based on the positive
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coefficient. Therefore, it can be concluded that race doesn’t affect persistence in

engineering discipline but it affects graduation time

Table 13. Regression Results for Modeling Gradation time

P Value

Predictor 1-P-value Significance
Gender 0.930 0.070 Not Significant

Race 0.011 0.989 Significant
ENGR 1550 Grade 0.122 0.878 Not Significant
First Semester GPA 0.173 0.827 Not Significant
Calculus I Grade 0.345 0.655 Not Significant

*Null Hypothesis assume that Gender, Race, ENGR 1550 grade, First Semester
GPA, Calculus Grade have no statistically significant effect on graduation time
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5.0 CONCLUSION AND RECOMMENDATIONS

This chapter will compile the content of all the other chapters to give a clear
picture of the discussions. It also makes recommendations to address the issue of

retention rates in first-year engineering programs at YSU.

5.1 CONCLUSION

The conclusion from this research related to student persistence is summarized with the

research question statements:

1. Is race/ethnicity a statistically significant factor in engineering persistence from

year to year and retention to graduation in engineering?

Based on the regression analysis, it was found that race/ethnicity was not statistically
significant factor for continuing in engineering. However, race was a significant factor on
time to graduation with a positive effect. It should be noted, that the number of non-white
students, represented by 17% between 2005 and 2012, was much smaller than majority /
white students. As such, all minority students were combined for analysis purposes. In
this regard, future work should attempt to improve understanding on the relative
performance of each race / ethnicity tracked by the university.

2. Is gender a statistically significant factor in engineering persistence from year to
year and retention to graduation in engineering?

Based on the regression analysis gender was not a statistically significant factor
according to the 95% confidence interval in retention to graduation and persistence year
to year. A t-test was conducted to test the statistical significance of gender in engineering

SuUcCCess.
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Based on the 95% confidence interval there was a statistical significance between:

% Male to female retention rate (female had a higher retention rate then male)

% Male to female gradation rate (male graduated at a shorter time than female)

Because ratios were higher, there were more female engineers retained to graduation
since taking ENGR 1550 than males. In addition male engineering students took shorter
time to graduate than female. On average it takes 4.39 years for females to graduate
compared to 4.28 years for males. Prior studies found that pre-college math and science
performance were statistically significant factors when predicting retention, and should
be considered in future work (Veenstra, 2008). More analysis needs to be performed to
establish if females are better prepared in entering engineering and establish how to
increase female student enrollment and retaining in engineering and STEM majors.

3. What are the graduation rates of (4, 5, and 6 year) by engineering program and are
differences statistically significant?

Graduation rates by engineering majors were as follows:

X/
L X4

Mechanical Engineering 4.19 years

X/
L X4

Chemical Engineering 4.22 years

X/
L X4

Civil Engineering 4.28 years

X/
L X4

Electrical Engineering 3.99 years

X/
L X4

Industrial Engineering 4.33 years

Based on the 95% confidence interval there was statistical significant difference between
Electrical Engineering graduation time and overall graduation time. The analysis of 4, 5,

and 6 year graduation periods (time taken to graduate), engineering was a dominant
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major for all three segments. However, it was evident that the trend between majority and
minority students suggests that the longer a student stayed to graduate, the engineering
percentage decreased meaning the student was more likely to have changed majors either
to STEM or other non-STEM majors. Further analysis needs to be done to understand
why electrical engineering has the lowest graduation time compared to other engineering
majors. Are electrical engineers better prepared in pre-college math and science

compared to other engineering majors?

4. What are the retention rates by engineering program and are differences
statistically significant?

Chemical and Civil engineering had the highest yearly retention students at 52%.
Industrial Engineering had 43%, Electrical Engineering had 39% and Mechanical
engineering had 30% retained from year to year. Based on the 95% confidence interval,
there was no statistical significance between Chemical, Civil, Electrical and Industrial
Engineering. However, there was a statistical significance difference in Mechanical
Engineering where students taking mechanical engineering after ENGR 1550 had the

highest enrollment among other engineering majors.
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5.2 RECOMMENDATIONS

1. Recommendation Attributed to Future Studies

Recommendation 1: The current predictive model did not effectively take into
account qualitative issues that may have influenced the observed outcomes. Thus, future
studies need to address qualitative variables, such as, using nominal variables to
determine whether the individual belongs to a certain category (e.g. gender), using
ordinal variables to determine social-economic status, using preference variables, specific
discrete variables (e.g. survey) and, multiple response variables in the predictive model.

1. Recommendation Attributed to Best Course & Collaboration

Recommendation 2: The Engineering 1550 course was a significant factor for two
engineering disciplines: Industrial and Electrical engineering. These continued to have
high retention. It is recommended that a program be implemented to further study the
effectiveness of enrollment in Engineering 1550 for students who need a high level of
advising. In addition, it is recommended that an upper level career development course be

considered.

1. Recommendation Attributed to Calculus or Pre-calculus

Recommendation 3: Even though there may be several areas requiring special
attention, calculus was selected as a critical area for students to continue in Electrical,
Civil, and Chemical engineering. More attention should be given through adequate
consideration of students’ mathematics skill levels before admission to an engineering
program. Some support programs should help develop efficiency in supporting a higher

self-rating of student’s math ability.

66



5.3  TRACKING CHANGES

In order to assess the presence of improvement in the program, the changes
suggested can be tracked at the end of every term to establish the presence of
improvements being made by each engineering department. This will entail tracking
gender, race/ethnicity, start of advisement, and engineering discipline that a student
enrolled. This can be implemented on an ongoing basis in order to adequately track
progress, allow for modifications, and assessment on the efficacy of the adopted

strategies.
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