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Student Retention in Engineering: Interacting Factors Across Majors 
 
Introduction 
 

Student retention in engineering programs across the United States has become increasingly 
challenging in recent years. Roughly 50% of the engineering students fail to complete their 
studies [1]. The attrition rates are particularly high in regional universities, underscoring the need 
for strategies and interventions to improve retention rates. 

Previous studies [2], [3], [4], [5], [6] show that while high school GPA and mathematics 
preparation are strong predictors of retention, demographics such as gender and ethnicity have 
inconsistent effects across universities [2]. Non-cognitive and affective factors such as 
confidence, interest in engineering, and test anxiety have also been found to be strong predictors 
of retention [3], [4]. A study across multiple institutes on the impact of engineering identity on 
retention found a significant difference in the engineering identity scores of students who stayed 
in engineering through the end of their fourth year of college and those who did not [6].  
 
The focus of this work is to investigate the connection between factors that impact student major 
selection, engineering identity, demographics, and first-year retention. The goal is to utilize the 
results as a guideline for creating interventions in first-year engineering courses and experiences 
that will improve retention rates. The demographics information allows for a focus on 
populations that are more heavily impacted by attrition in engineering. The results have the 
potential to contribute to creating a path for widely improving retention in engineering programs. 
 
Methods 
 
The study was conducted at a regional private university in the Pacific Northwest. Students are 
admitted to the School of Engineering either into a specific major (civil engineering, computer 
science, electrical engineering, environmental engineering, or mechanical engineering) or as 
undeclared within engineering. Admission requirements are identical across all engineering and 
computer science majors. A student survey was created for students in the first-year course titled 
Introduction to Engineering (EGR 110). EGR 110 is required for all engineering majors, 
including those who are undeclared in the School of Engineering. The course introduces students 
to the engineering and computer science majors offered at the university through hands-on 
laboratory activities and culminates in a team-based design project in which students design and 
build a tabletop wind turbine. The study was approved by the university’s IRB, and consent was 
obtained from all participants. 

The survey was administered to 126 students across 5 sections in Fall 2023, and to 95 students 
across 4 sections in Fall 2024. The surveys asked students how certain they were in choosing 
their major, what factors contributed to them choosing their specific major (Table 1), and 
questions about their engineering identity (Table 2), using Godwin’s framework for engineering 
identity [7]. Major certainty was rated on a 5-point Likert scale (1 = not certain at all to 5 = 
extremely certain). For questions related to the importance of influencing factors, each factor 
was rated independently on a 5-point Likert scale (1 = not at all important, 5 = extremely 
important); students did not rank factors relative to one another but evaluated each separately. 
Questions on engineering identity were rated on a 7-point Likert scale (0 = strongly disagree, 6 = 



strongly agree). In addition, students self-reported demographic information, including gender, 
race, and first-generation college student status.  

Surveys were administered at the end of the introduction to engineering course and filled out 
anonymously with a random number assigned to each student to allow for within-subject 
comparisons.  
 
Retention data from the first to the second year was obtained from university administration and 
matched with the survey data. Erroneous responses (such as random ID numbers that didn’t exist 
in the initial database), incomplete responses, and duplicates were removed from the dataset. The 
final dataset consisted of 166 students, approximately a 75.1% response rate.  
 
Table 1. Students rated on a 5-point Likert scale how important each factor was in 
choosing the engineering (electrical, mechanical, civil, computer science) or non-
engineering major they are currently in (or will be in, if they were currently undeclared), 
with 1 = not at all important and 5 = extremely important.  

1. Personal interest 
2. Abilities/talents 
3. Job opportunities after graduation 
4. Salary levels 
5. Opportunity to serve the society 
6. Desired work/life balance 
7. Role models in family/friends in the same major 
8. What my family want me to study 
9. What I have been told to study (by teachers, etc.) 
10. How difficult I think the major will be 

 

 
 
   



Table 2. Survey questions related to engineering identity. The prompt for all the 
questions in this section is: To what extent do you agree or disagree with the following 
statements? The answer choice was a 7-point Likert scale from Strongly Disagree (0) to 
Strongly Agree (6) [7]. 
Construct Statement 

Recognition 
My parents see me as an engineer. 
My instructors see me as an engineer. 
My peers see me as an engineer. 

Interest 
I am interested in learning more about engineering.  
I enjoy learning engineering.  
I find fulfillment in doing engineering.  

Performance 

I am confident that I can understand engineering in class.  
I am confident that I can understand engineering outside of class.  
I can do well on exams in engineering.  
I understand concepts I have studied in engineering.  
Others ask me for help in this subject. 

 

 
Statistical Analysis 

A Wilcoxon rank-sum test was used to compare major certainty, factor importance, and identity 
metrics between students who remained in engineering and those who left engineering. Group 
differences (stayed in engineering, left engineering) were further examined by student 
demographic characteristics (male/female, first generation/non-first generation, and race, which 
was coded as white/non-white due to sample size limitations for other categories). Engineering 
identity statements were both analyzed individually and as grouped constructs: recognition, 
interest, and performance (Table 2). The analysis was conducted in JMP 18.2.2 (JMP Statistical 
Discovery LLC, Cary, NC), with significance set at p<0.05.  
 
Results and Discussion 
 
Data Summary 

Of the completed survey responses, approximately 59.6% identified as male, 29.5% as female, 
and the remainder (10.8%) as other/non-binary/preferred not to say. At the survey point, there 
were 42 civil engineers, 41 computer science majors, 15 electrical engineers, 63 mechanical 
engineers, 3 environmental engineers, and 2 undeclared engineering majors. Only 2 students 
changed majors within engineering (not including those that started as undeclared), and by the 
beginning of their second year, there were 36 civil engineers, 35 computer science majors, 13 
electrical engineers, 57 mechanical engineers, and 4 environmental engineers. 
 
Approximately 30% (50/166) of students self-identified as first-generation college students, and 
52.4% (87/166) as non-white. Approximately 12.6% of students (21/166) left their engineering 
major between the first and the second year, corresponding to an 87.4% retention rate, and the 
majority of these (71%; 15/21) left the university entirely. It should be noted that this study only 
examines retention from the first to the second year, and students may have left engineering or 
the university after their second year of enrollment.   



The population of the university and survey population is unique in that most students are non-
white, and nearly 1/3 of the students are first-generation college students. While not included in 
the formal analysis, 84.9% lived on campus during their first year for the fall 2024 cohort, while 
the rest commuted. This question was not asked in fall 2023.  
 
Differences in Factors  

Students who left engineering had lower certainty of their major at the end of the first semester 
(Figure 1, p = 0.044). All other factors for choosing a major did not significantly differ between 
students who stayed and students who left engineering. Although not statistically significant, 
students who left engineering reported a higher level of choosing engineering because they were 
told to do so (Figure 1). In addition, students who left engineering were less likely to report 
having role models in engineering compared to those who stayed in engineering indicated by a 
lower median score, though not statistically significant (Figure 1). 

These results show that students who are retained versus those who leave engineering may 
approach selecting their engineering major similarly, with primary reasons being their interest in 
the major, job opportunities available, and salary levels (Table 3). However, unsurprisingly, 
students who leave engineering are less certain about their major overall and may have been 
influenced or pressured by others to choose an engineering major initially. 

 
Figure 1: Box plots for student responses to the question of major certainty and factors 
affecting major choice. Students who left engineering (n = 21) are in red, while students 
who stayed in engineering (n = 145) are in blue. The box represents the interquartile 
range (IQR), with the inside line representing the median. The whiskers extend to 1.5 x 
IQR, and outliers are represented as plus signs. The asterisk denotes a statistically 
significant difference (p <0.05).  
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Table 3: Mean ± standard deviation for students who left engineering and students who 
stayed in engineering for major certainty and factors affecting major choice.  

  Left Stayed 

Major certainty 3.6 ± 1.1 4.0 ± 0.9 

F
ac

to
r 

Personal interest 4.0 ± 0.7 4.2 ± 0.8 
Abilities/talents 3.5 ± 0.9 3.8 ± 0.9 
Job opportunities after graduation 4.1 ± 0.8 4.2 ± 0.8 
Salary levels 4.0 ± 0.9 4.0 ± 0.9 
Opportunity to serve society 3.1 ± 1.2 3.5 ± 1.2 
Desired work/life balance 3.5 ± 0.9 3.7 ± 0.9 
Role models in family/friends in the same major 2.6 ± 1.4 2.6 ± 1.4 
What my family wants me to study 2.5 ± 1.1 2.2 ± 1.1 
What I have been told to study (by teachers, etc.) 2.6 ± 1.0 2.1 ± 1.1 

How difficult I think the major will be 2.8 ± 1.1 2.7 ± 1.1 
 

 

Engineering Identity 

Examining engineering identity, students who left engineering rated lower on the following 
questions compared to students who remained in engineering: I am interested in learning more 
about engineering (p=0.007); I enjoy learning engineering (p=0.017); I find fulfillment in doing 
engineering (p=0.012); I understand concepts I have studied in engineering (p=0.005) (Figure 2, 
Table 4). When grouping the statements for the constructs of recognition, interest, and 
performance, interest was significantly lower for students who left engineering compared to 
those who remained (p=0.009) (Figure 3). While overall identity was not significantly different 
between the two groups (p=0.065), those who left engineering were lower (4.1 (1.3), median 
(IQR)) compared to those who remained in engineering (4.6 (1.2)). 



Figure 2: Box plots for student responses to the question about engineering identity. 
Students who left engineering (n = 21) are in red, while students who stayed in 
engineering (n = 145) are in blue. The box represents the interquartile range (IQR), with 
the inside line representing the median. The whiskers extend to 1.5 x IQR, and outliers 
are represented as plus signs. The asterisk denotes a statistically significant difference (p 
<0.05). 

 
Figure 3: Box plots for engineering identity constructs, which were calculated as the 
average for questions related to each construct. Students who left engineering (n = 21) 
are in red, while students who stayed in engineering (n = 145) are in blue. The box 
represents the interquartile range (IQR), with the inside line representing the median. 
The whiskers extend to 1.5 x IQR, and outliers are represented as plus signs. The asterisk 
denotes a statistically significant difference (p <0.05). 
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Table 4: Mean ± standard deviation for students who left engineering and students who 
stayed in engineering for engineering identity statements and constructs. 

 Left Stayed 
My parents see me as an engineer. 3.9 ± 1.1 3.8 ± 1.2 
My instructors see me as an engineer. 4.0 ± 0.9 3.7 ± 1.2 
My peers see me as an engineer. 3.9 ± 1.5 4.3 ± 1.5 

Recognition 4.0 ± 1.1 4.0 ± 1.3 

I am interested in learning more about engineering.  4.1 ± 1.2 4.0 ± 1.5 
I enjoy learning engineering.  4.0 ± 1.1 4.1 ± 1.3 

I find fulfillment in doing engineering.  4.4 ± 1.4 5.2 ± 1.1 

Interest 4.5 ± 1.2 5.2 ± 1.2 

I am confident that I can understand engineering in class.  4.5 ± 1.3 5.2 ± 1.2 
I am confident that I can understand engineering outside of class.  4.5 ± 1.2 5.2 ± 1.0 
I can do well on exams in engineering.  4.3 ± 1.1 4.7 ± 1.1 
I understand concepts I have studied in engineering.  4.2 ± 1.1 4.6 ± 1.2 

Others ask me for help in this subject. 4.1 ± 1.2 4.1 ± 1.3 

Performance 4.0 ± 0.8 4.6 ± 1.2 

Identity 3.4 ± 1.3 3.7 ± 1.6 
 

 

Our results indicate that overall engineering identity is linked with retention, and other studies 
have shown similar results [5], [6], [8].  Across these studies, the findings consistently show that 
stronger engineering identity, expressed through belonging, recognition, and perceived 
competence, is positively associated with student persistence and retention in engineering 
programs. Our results indicate that students’ interest is strongly related to retention, but also that 
students who leave engineering have less confidence in understanding concepts they’ve learned 
in classes. This is corroborated by anecdotal evidence from counselors and advisors that students 
struggle academically with math and chemistry courses in their first semester.  

Demographic results 

Retention rates did not differ between genders; other studies show that gender differences are 
unique to each institution [9], [10]. There was no statistically significant difference in 
engineering retention between white and non-white students (p=0.052), though non-white 
students made up 71.4% of the students who left engineering. Overall, 17.2% of non-white 
students who started in engineering left engineering, compared to 7.3% of white students. While 
there was no statistically significant difference in retention between first-generation students and 
non-first-generation students (p=0.060), 20% of first-generation students did not stay in 
engineering, compared to 9.3% of non-first-generation students. These results indicate that, 
while not statistically significant, both race and first-generation status are potential markers of 
retention in engineering, as expected and found by numerous other studies [11], [12].  

Strategies for Intervention 

Our findings suggest that student interest in engineering is a primary indicator of retention in 
engineering from the first to the second year. While not surprising, this provides helpful data to 



support added interventions to increase retention at this and other universities. First-year courses 
could specifically focus on increasing student interest in engineering. Many studies have 
examined ways to increase student interest. The studies consistently find that student interest in 
engineering is a dynamic construct that often declines over time unless it is actively supported 
through engaging, relevant educational experiences. Potential mechanisms include connecting 
engineering to student lives and specific interests, sparking curiosity, and employing interactive 
and hands-on learning [13], [14], [15], [16]. The course already employs active learning 
techniques to complete labs and a culminating final wind turbine project. However, we recognize 
this project may not appeal to or interest all students. In future years, the project could be 
adapted for groups with specific interests, or we could incorporate mini-projects throughout the 
semester that are major- or interest-specific. Another idea would be to poll students at the 
beginning of the semester to include their specific topics of interest in the course assignments 
and projects. 

Students who left engineering in this study reported less confidence in understanding engineering 
concepts in their classes. To improve student understanding, especially in classes that are 
required for engineers but not in the engineering discipline (e.g., math, chemistry, physics, etc.), 
we suggest working closely with these departments to provide student support as needed (e.g., 
office hours, flexible grading policies, study groups, etc.). In addition, we suggest the utilization 
of peer assistants or peer tutors, both in and outside the classroom, to facilitate conceptual 
understanding.  

While not statistically significant, there were marked differences in demographics between those 
who left engineering and those who stayed. Those who left were more likely to be non-white and 
the first in their family to attend college. We suggest increasing support for students from these 
specific demographics. Previous studies have found interventions such as early, structured 
academic support (e.g., summer bridge programs) and mentoring models to normalize challenges 
for first-generation students are beneficial [11], [12]. In addition, psychological interventions 
such as value affirmation and inclusive classroom practices improve retention for minority 
students [12], [17]. 

To connect engineering education with some of the motivators for choosing the major (job 
opportunities and post-graduation salaries), we suggest partnering with engineering industry 
professionals as well as alumni. Alumni from various majors and with diverse backgrounds 
could provide guest lectures, be included in networking events, or provide facility tours for the 
first-year engineering students. This allows students to have more certainty about their major 
selection and can also help them make connections with possible role models. Hearing about the 
real-world application of engineering from someone who is working in the field may also 
solidify the interest area of students’ engineering identity, which was significantly different 
between students who stayed in engineering and those who didn’t.    



Limitations and Future Work 

Our study was limited by the relatively small number of students who left engineering in their 
second year (21/166). This 87.4% retention rate is relatively high, though it suffered from the 
selection bias of those who took the survey. Of all the students in engineering for these two 
cohorts (including those who did not take the survey), the retention rate was 81.7%. This is in 
line with the average of 82.21 % for first-year retention in engineering (not including computer 
science) at other universities, according to the recent comprehensive study by Marzouk [18]. 
Analysis of demographic data was also limited by small sample sizes; for example, non-white 
students were grouped, although it does not solely include groups traditionally defined as 
underrepresented in engineering (e.g., Asian identifying students). 

In addition, the results are limited to a small, predominantly undergraduate school. Class sizes 
are limited to 30 students in the introduction to engineering course, whereas many other 
institutions may have larger cohorts, larger class sizes, and major-specific introduction to 
engineering courses.   

Conclusion 
 
This work investigated the connection between factors that impact major selection, engineering 
identity, demographics, and student retention in engineering through student surveys. Regarding 
factors that impact major selection, students who left engineering had significantly lower levels 
of certainty about their major compared to students who stayed in engineering. In addition, 
though not statistically significant, students who left engineering reported higher levels of 
choosing engineering because they were told to do so, possibly pointing to a lack of internal 
motivation and interest. Students who left also reported lower levels (not statistically significant) 
on access to engineering role models.  

With respect to engineering identity, the survey questions were grouped into three categories: 
recognition, interest, and performance. Students who stayed in engineering showed statistically 
significantly higher levels of interest, but there were no significant differences in the areas of 
recognition and performance. The overall score for engineering identity was also higher for 
students who stayed, but the difference was not statistically significant. While demographic 
differences between students who stayed in engineering and those who left were not statistically 
significant, a higher percentage of non-white students left engineering compared to white 
students. In addition, the percentage of first-generation students who left engineering exceeded 
that of non-first-generation students.  

Based on our findings, we suggest targeted interventions to improve major certainty and 
engineering identity in the first year. These include, but are not limited to, building interest in 
engineering through course content updates, providing resources to increase confidence in 
understanding and applying material, and resources and community-building programs for first-
generation and non-white students.  
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