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An Investigation into 
Persistence and

Non-persistence of 
Second- and Third- Year 

Engineering Students

By: Kim Ball

Presenter
Presentation Notes
Hi, my name is Kim Ball. I have a bachelor’s degree in electrical engineering and worked as an engineer for 10 years.  
I then returned to school and earned a master’s degree in educational psychology and since 2006 have taught many educational psychology courses, but mainly statistics.
I am currently ABD and am working on my dissertation in Instructional Systems and Workforce Development and this presentation highlights my work in progress. 
My research is entitled An Investigation into Persistence and Nonpersistence of 2nd and 3rd year engineering students.
Over the past 40 years, much research has been conducted on non-persistence of first year engineering students.
We understand why approximately 30% of freshmen in US institutions drop out of engineering. 
What we don’t understand is why less than 40% of engineering students graduate.
What happens to the other 30% of students and more importantly, why are they leaving engineering?
My research seeks to extend the body of literature by attempting to understand reasons for persistence or non-persistence of second and third year engineering students.



“Quiet Crisis”
“We simply cannot sustain an 
economy based on innovation unless 
our citizens are educated in 
mathematics, science, and 
engineering.” – Bill Gates

“Quite Crisis: The steady erosion of 
America's scientific and engineering 
base which has long been the source 
of American innovation and our rising 
standard of living (Is America Falling 
Off the Flat Earth, 2007)
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Bill Gates – “We simply cannot sustain an economy based on innovation unless our citizens are educated in mathematics, science, and engineering.” (Augustine, 2007)
Research shows that STEM fields are vital to US economy (Chen, 2015)
According to the Education Commission of the States, business leaders in the US are having difficulty locating STEM personnel to stay competitive on a global basis (Education Commission of the States, 2019).
So, what does this mean?
In the past, and what most US citizens probably still believe today, the US has been at the top in terms of innovation and technology. In fact, in the past, the US has led the way. However, did you know that since 2009, over half of the patents awarded in the US are to non-US companies (Mayer, 2015).
In 1990, there were 9.7 million STEM jobs and as of 2018 there are now 17.3 million jobs. That is a 79% increase. 
For the past decade, US institutions have been unable to graduate the number of scientists and engineers needed in order for the US to compete in this new global economy (Honken & Ralston, 2013).
This type of information is not broadly shared on the news. Most people have no clue what is happening in our US economy. This has been termed a “quiet crisis”.
So, what is a “Quiet Crisis” – According to the book “The World is Flat” it is the steady erosion of America's scientific and engineering base which has long been the source of American innovation and our rising standard of living. (The World is Flat)
Let’s put this in perspective. As of 2017, China is now graduating ten engineers for every one engineer the US graduates (Bennet, 2017).
Back in 2012, the President’s Council of Advisors on Science and Technology published a report in which they touted that they expected that the growth rate for engineering jobs in the US would be approximately 34% per year.*
The US knows there is a need for more engineering graduates.
Is that need being met?
For the past decade, enrollment in US engineering schools has been increasing, but still less than 40% of engineering students are graduating. (Yoder, 2016)
Nationwide, approximately 30% of students drop out of engineering during their first year. But what happens to the other 30% of students who successfully passed through their first year, yet don’t make it to graduation?
It’s a problem that the Dean of Engineering at my school has asked me to look into.




2nd and 3rd Year Nonpersistence
• Research Questions:

– Which factors are associated with students’ 
persistence in engineering during their second and 
third years in school?

– Why do some students persist in engineering while 
others comparable on the same factors do not 
persist?

– What can institutions do in order to increase 
persistence in engineering programs?
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Here are some research questions I plan to investigate: ***







Theoretical Framework

• Tinto’s Model of Institutional 
Departure (1993) - Students 
must integrate into:
– Formal academic systems
– Formal social systems
– Informal social systems

• Many researchers today 
categorize these systems into 
two distinct factors:
– Individual factors
– Institutional factors

Presenter
Presentation Notes
For the theoretical framework for my study, Tinto’s Model of Institutional Departure will be utilized.
Tinto states that students must integrate into 
(1)Formal academic systems, as shown by their academic performance
(2) Formal social systems, as demonstrated by their faculty and staff interactions
And finally by their (3) Informal social systems, as demonstrated by their peer and group interactions at their institution
Tinto’s model has been applied to engineering studies into persistence and nonpersistence for many years
Many researchers today condense these systems into two distinct factors: individual factors and institutional factors. I will be using these factors within my study as well.
Let’s take a look at some of the factors found in the literature




STEM and Engineering 
Nonpersistence:       

Individual Factors
• GPA
• Gender
• Ethnicity
• ACT/SAT math
• Calculus/physics 

grades
• Work 20+ hours / week
• Inadequate high school 

preparation
• Overwhelmed
• Effort not worth it
• Poor study skills
• Failure of courses
• Don’t seek help (tutor)

• Sense of loss and failure
• Disappointment in field
• Unprepared for rigor
• Unprepared for time 

commitment
• Low motivation
• Too few role models
• Feelings of  not belonging
• Easy to transition to new 

major
• Financial concerns
• Perceived discrimination
• Peer relationships

Presenter
Presentation Notes
This first slides list some individual factors found to be significant in nonpersistence of STEM and engineering majors. 
For example, ACT math scores play a role. 
Failure of courses are a factor.
A third factor is that some students are just unprepared for the rigor of an engineering curriculum.
Let’s move on institutional factors that can play a role in nonpersistence.



STEM and Engineering 
Nonpersistence:       

Institutional Factors
• Takes longer to 

graduate
• No career counseling
• Poor academic 

counseling
• Poor relationship 

between student and 
advisor

• Poor relationship 
between student and 
professor

• No institutional support
• Weed-out culture 

(gateway courses)

• Curriculum – structure, 
sequence

• Inadequate advising
• Poor mentoring
• Poor teaching
• Too few role models
• Time commitment not 

mentioned
• Don’t encourage social 

interaction between 
students

• Unwelcoming culture
• Isolated in field

Presenter
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Let’s look at some institutional factors that affect nonpersistence in engineering.
Some of these include Takes longer to graduate. 
Students being engineering thinking it is a 4 year program as is advertised. 
In reality, it typically takes 5 years to graduate.
Another reason for nonpersistence is given as the poor relationship between a student and his/her professors.
Human connection is very important to many students. 
In fact many cite an unwelcoming culture as a reason for nonpersistence.
While these individual and institutional factors were derived from the literature regarding first year nonpersistence, 
I believe many of them may also play a role in nonpersistence of second and third year engineering students.



Mixed-Methods 
Approach

• Quantitative
– Descriptive Analysis
– Predictive Discriminant 

Analysis
• Individual and Institutional 

variables
• Qualitative

– Interviews and documents
– 10 students who have not 

persisted and 10 students who 
have persisted.

Presenter
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For my study, I am using a mixed-methods approach.
One main goal of my quantitative analysis is to see if variables differ across persisters and nonpersisters.
To do this I am conducting a predictive discriminant analysis on the individual and institutional factors
For my qualitative component, I will not be using the cohort of students used in the quantitative portion. I plan to choose 10 students who have persisted and 10 students who have not persisted in engineering and if possible match them on their GPA and year in school. For the nonpersisters, I plan to use students who have recently changed their major so their reasons will be fresh in their mind.
With the use of interviews and documents such as transcripts, I hope to gain an understanding of why some students persist and others don’t.



Site for the Study
• A mid-size Southern research 

university that is ABET 
(Accreditation Board for 
Engineering and Technology) 
accredited



Graduation and Nonpersistence Rates - MSU Engineering Students
(Data provided by MSU’s Office of Institutional Research)

% Graduated to Date by Year ≈ 47%
% Nonpersisters 1st year ≈ 28%        % Nonpersisters 2nd and 3rd year ≈ 
20%
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This data was provided by MUS’s Office of Institutional Research – ASEE (American Society for Engineering Education)
Notice the first column is the % of students who have graduated to date. 
As you can see, our average is approximately 47% which is greater than the national average of less than 40% but still not great.
The second column shows students who don’t persist beyond their first year of engineering. The average over these years is approximately 28%.
The third column is the one I am most interested in studying. It shows the percentage of students who don’t persist beyond their 2nd or 3rd year.
This is approximately 20% of students who began engineering. This is a fairly large amount of students. 
I hope to be able to investigate the reasons for nonpersistence of these 2nd and 3rd year students.
2014 is the latest year which has data available from student’s second and third year. 
Therefore, this will be the cohort of students I will be utilizing for the quantitative portion of my study.




Quantitative Portion
• Population:

– Engineering undergraduates who began as a 
freshman in summer or fall 2014, separated into three 
groups:

• Students who did not persist to Fall 2015 (First year 
nonpersisters)

• Students who left engineering Spring 2016 – Summer 2017 
(Second- and Third-Year Nonpersisters)

• Students who persisted through Fall 2017 (Persisters)
– 714 students
– 552 males (77%) & 162 females (23%)
– 577 white (81%), 79 black (11%), and 58 other 

ethnicity (8%)
• Data provided from:

– Mississippi State University’s Office of Institutional 
Research



Year 4 Classifications

59%24%

17%

Fall 2017 Classification Data

Engineer
Persisters

First Year
Nonpersisters

Second and Third Year
Nonpersisters
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For my research project, I plan to use the engineering cohort that consists of students who began as freshman in an engineering curriculum in the 2014/15 school year. This data was provided from MSU’s Office of Institutional Research
As you can see the cohort began with 714 students in the fall of 2014.
By 2015, only 76% of students were left. By 2016, 64% remained and by 2017, only 59% remained.
Again the goal of my study is to investigate factors that might lead to persistence or nonpersistence for students who choose to change their major away from engineering during their 2nd and 3rd years of their program of study. 



Year 4 Classifications

0% 10% 20% 30% 40% 50% 60% 70%

ENGINEER
PERSISTERS

FIRST YEAR
NONPERSISTERS

SECOND AND THIRD YEAR NONPERSISTERS

Classification in Fall 2017

Left University Other Major Engineering Major
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This chart demonstrates that of nonpersisters, slightly more than half left the university and slightly less than half changed their major and remained.



GPA Classifications

0% 5% 10% 15% 20% 25% 30% 35%

ENGINEER
PERSISTERS

FIRST YEAR
NONPERSISTERS

SECOND AND THIRD YEAR NONPERSISTERS

Final GPA as an Engineering Major

2.5 or lower 2.5 < GPA < 3.6 3.6 or higher

Presenter
Presentation Notes
This chart shows the nonpersisters and persisters in terms of Engineering GPA. GPA’s above 3.6 almost always persist in engineering. However, looking at mid-line GPA, over 30% persist. And finally, 5% of students persist even with a GPA of 2.5 or lower. 




ACT Math Score 
Classifications

0% 5% 10% 15% 20% 25% 30%

ENGINEER
PERSISTERS

FIRST YEAR
NONPERSISTERS

SECOND AND THIRD YEAR NONPERSISTERS

ACT Math Score

25 or lower 25 < GPA < 30 30 or higher
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This chart looks at ACT Math scores for each group. 
Most importantly look at the students who persisted. Over 10% of them had ACT math scores of 25 or lower, yet they still persisted.



HS GPA Classifications

0% 5% 10% 15% 20% 25% 30%

ENGINEER
PERSISTERS

FIRST YEAR
NONPERSISTERS

SECOND AND THIRD YEAR NONPERSISTERS

High School GPA

3.0 or lower 3.0 < GPA < 4.0 4.0 or higher
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This chart examines each group in terms of high school GPA. Notice that 5% of first year and 5% of second and third year nonpersisters had GPA’s of 4.0 or higher.
Now let’s look at the persisters. Notice that about 8% of persisters had a high school GPA of 3.0 or lower, yet they persisted.



Discriminant Analysis
Classification Results

Predicted
Engineer
Persisters

Predicted
Second and Third Year 

Nonpersisters

Actual
Engineer
Persisters

96.2% 3.8%

Actual
Second and Third Year 

Nonpersisters
7.5% 92.5%

Variables Input into the Analysis: 
Math ACT Score, High School GPA, Grade of A, B, or C in Calculus 1-4
Grade of A, B, or C in Physics 1-2, Number of D’s and F’s in Calculus 1-4
Number of D’s and F’s in Physics 1-2, Number of A’s – F’s in Engineering Courses
Final GPA as an Engineering Major
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Since 24% of students dropped out the first year, there are 543 students used in the discriminant analysis.
Results indicate the model has high sensitivity, with 96.2% of persisters accurately predicted.
Results indicate the model has high specificity, with 92.5% of nonpersisters accurately predicted.
One number we are really concerned with is that 7.5% of students were predicted to persist in engineering based on their factors, but instead they left engineering.
Need to conduct qualitative research to determine reasons why certain students did not persist.



Second- and Third- Year 
Engineering Persistence Model

Pre-College Factors

ACT Math Score
High School GPA

College Academic Factors

Engineering GPA

Number of A’s, B’s, C’s, D’s and 
F’s in Engineering Courses

Grade of C in Calc 1

Number of D’s and F’s in Calc 1

Number of D’s and F’s in Calc 2

Grade of A, B, or C in Calc 3

Grade of A, B, or C in Calc 4

Number of D’s and F’s in Calc 4

Number of D’s and F’s in Phys 1

Number of D’s and F’s in Phys 2

Persistence

Year 4
Engineering Student
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Need to conduct qualitative research to determine reasons why certain students did not persist.




Qualitative Questions

See Handout



Questions
or

Comments?

Feel free to contact
kim.ball@msstate.edu
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