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Pathways of Student Stayers, Movers, and Leavers in the
First Two Years of Undergraduate Engineering

Abstract

In this research paper the pathways of 720 engineering freshman entering a large, southwestern
university in Fall 2007 were tracked over their first four semesters along with their academic
achievement and demographic information. The same analysis was performed on 1855
engineering freshman entering the same large, southwestern university in Fall 2012. Based on
their junior entry status, we characterized student pathways in their first two years in terms of
stayers (stayed in engineering), movers (stayed at the university but in a different major), and
leavers (left the university). Our efforts address the research question: “What role does student
performance, gender, and sense of belonging have in student persistence and destination during
the first two years of engineering?” The results of our work indicate that student performance,
gender, and sense of belonging all influence education pathway in different ways.

Background

Retaining students in engineering through graduation is of importance for keeping the U.S.
competitive in the global economy. Because of this need, there is a national call for increasing
the amount of STEM (science, technology, engineering, and math) trained graduates, particularly
in engineering. Yet recent studies show that engineering enrollment has declined in recent years".
Even though the rate of attrition from engineering is similar to the rate of attrition from other
disciplines, students who switch majors are unlikely to pick engineering as their second major.
Therefore there is high student outflow from engineering without a matching inflow, resulting in
higher net attrition from engineering when compared to other disciplines?. Also, only about 50%
of students entering engineering as freshman at research institutions graduate with an
engineering degree® *. All of these factors drive research efforts in understanding what factors
impact retention and what can be done to increase retention in engineering.

Why students leave engineering is attributed to a multitude of reasons including curriculum
overload, poor teaching, and a student’s sense of belonging in engineering5'6. However, grades
appear to be less of a primary cause for students leaving engineering than intuition would
suggest. A U.S. Department of Education (DOE) study reported that only 8.5% of students who
leave engineering do so because of grades below C. However, 98% of the students surveyed
indicated poor teaching as a reason for leaving’. These results are echoed elsewhere®, and we
hope to compare our analyses involving grades to the ample related literature available.

In addition to how grades influence retention, this work also focuses on understanding how sense
of belonging impacts retention as well. A student’s sense of belonging in engineering is one of
the major factors indicating success in the field® *°. Our study focuses on only engineering
students in a large southwestern university. In particular, it examines whether reforms designed
to address students’ belonging could influence retention. The engineering school adopted various
strategies to address attrition of its engineering students in the 1990s. Many of these changes
mirrored the examples of the “ASEE Best Practices” such as formalizing tutoring opportunities,



elucidating programs of study, and adjusting advising procedures. In 2003 the college further
supported this effort by lowering the 128 credit hour graduation requirement to 120 credit hours.
Reducing student workload gave them more flexibility in their scheduling, making it more
feasible for them to graduate within the standard four-, five-, or six-year tracks. This is evidenced
by the fact that since 2003 the percentage of students graduating in four years has risen far more
dramatically than the percentage of students graduating in six years. These reforms were not
always consistent across the different engineering disciplines (or even classrooms), but the
college still experienced a substantial growth in its retention rates.

Starting in 2007 a more concentrated effort was made with the goal of advancing retention rates
even further. Prior to these efforts, most reforms implemented were programmatic in nature and
did not specifically target a student’s sense of belonging within their major. To rectify this, the
college instituted systemic changes to address students’ feelings of displacement as first- and
second-year engineering students. This new suite of strategies can be broken down as Co-
Curricular Experiences, Course Curricular Experiences, and Student Support Programs.

e Co-Curricular Experiences include undergraduate research opportunities,
engineering summer camps for freshmen, and professional student societies (often
specific to a student’s major). The intent of these programs is for students to be
able to bond with one another and with faculty outside of the classroom, all the
while honing their research and professional skills.

e Course Curricular Experiences refer to two mandatory courses all engineering
students in the college must take. The first is a student success course taken by all
entering university students focused on time-management and study skills. The
second is a revised introduction to engineering course designed for first-year
students, geared toward problem-solving and team-building tasks.

e Student Support Programs are many-fold and include upper-division engineering
students serving as peer mentors and undergraduate teaching assistants (UGTAS),
supplemental instruction made available through an engineering-specific tutoring
center, and a student residential community wherein all freshmen engineers live
together in a centralized, on-campus complex. Together these policies provide
both support and role models for students who may be struggling while also
promoting the development of close-knit, supportive cohorts within the greater
engineering community.

These different strategies and programs were made available to all engineering students,
regardless of their major. Many of the strategies targeted underclassmen engineers, with the
hopes of reinforcing these students’ early sense of belonging within the engineering
community™, as evidenced above.

Through tracking the education pathways of engineering freshman entering in 2007 and in 2012,
we hope to understand how grades and sense of belonging influence retention in engineering and
to answer the research question, “What role does student performance, gender, and sense of

belonging have in student persistence and destination during the first two years of engineering?”’



Methods

An abbreviated interrupted time series approach was used to determine the effectiveness of this
suite of strategies. Both enrollment status and retention data was available from 1998 through
2014. Using an online database called DataWarehouse, we tracked the pathways of 720
engineering freshman entering the engineering school in Fall 2007 over their first four semesters
along with their academic achievement and demographic information. We performed the same
type of tracking on 1855 freshman entering engineering in Fall 2012 for a comparison. In other
words, we employed a quasi-experimental design using the 2007 cohort as the pre-treatment
group and the 2012 cohort as the post-treatment group, the treatment being the suite of strategies
aimed at increasing students’ sense of belonging. We hypothesized that the two time points
would show the impact of the suite of strategies aimed at increasing retention.

Based on their junior year entry status, we classified the students into three groups: stayers
(stayed in engineering), movers (stayed at the university but in a different major), and leavers
(left the university). These groups were chosen to match previous studies in retention in
engineering®. For the movers, we also tracked what their major was at the start of their junior
year. The start of junior year was the chosen as the cutoff point because previous work has
shown that, in the engineering school studied, a student that remains in engineering for the first
two years is likely to graduate within 6 years'’. We identified the distributions of student
pathways and correlated them to student performance (cumulative GPA) and gender. For leavers
and movers, we kept track of their cumulative GPA when they departed from engineering. The
three cumulative GPA ranges considered in this study were below C (below 2.0 on a 4.0 scale),
at C (2.0-2.99), and above C (above a 3.0). These ranges were chosen because previous work
about engineering students indicated that these three grade ranges had a large impact on who
stayed in engineering based off of their first math course grade'?.



Results

Table 1 below shows the breakdown of the 2007 and 2012 engineering freshman cohorts.

2007 Cohort Total Male Female
Number of Students 720 576 144
Number of Leavers 167 146 21
Number of Movers 191 146 45
Number of Stayers 362 284 77

% Leavers 23% 25% 15%
% Movers 27% 25% 31%
%Stayers 50% 50% 54%

2012 Cohort Total Male Female
Number of Students 1855 1483 373
Number of Leavers 361 304 57
Number of Movers 299 219 80
Number of Stayers 1195 960 235

% Leavers 20% 20% 15%

% Movers 16% 15% 22%
%Stayers 64% 65% 63%

Table 1. Breakdown of the 2007 (top part of table) and the 2012 (bottom part of table) cohorts by
educational pathway and gender.

One can see that retention within engineering increased over time by nearly 15% due to the
change in stayers from 50% in 2007 to 64% in 2012. One interesting takeaway from the table is
that women leave less and move more than their male counterparts.

Figure 1 below compares cumulative GPAs of the 3 educational pathway groups for both
cohorts.
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Figure 1. GPA comparisons of the stayers, movers, and leavers for the 2007 (left) and 2012
(right) cohorts. The cumulative GPAs for leavers and movers were taken the semester before
they left engineering, and the cumulative GPAs for the stayers is the GPA at the end of their
sophomore year.

The graphs look nearly identical, indicating that not much change in grade distribution occurred
for the three groups before and after the suite of strategies. It is interesting to note that the
majority of movers (about 90%) had a cumulative GPA at or above C in both cohorts. Also, the
leavers are fairly evenly split between below C and the combination of at and above C. Both of
these findings indicate that factors besides GPA influence a student’s choice to leave or move.

The table below shows when both leavers and movers depart from engineering for both cohorts.

After First Semester After Second After Third After Fourth
Semester Semester Semester
2007 Leavers 33% 39% 17% 11%
2012 Leavers 20% 35% 15% 30%
2007 Movers 20% 33% 28% 18%
2012 Movers 24% 28% 27% 21%

Table 2. When leavers and movers depart from engineering for the 2007 and 2012 cohorts. The
percentages are out of the educational pathway group (i.e. of the leavers in the 2007 cohort, 33%
of them left after their first semester in engineering). The table is grouped by educational
pathway for easy comparison.

No obvious trends in the time of departure from engineering can be identified by examining
Table 2, which leads us to suspect that there is not a specific semester that students after which
students are most likely to depart and that there was not change in when students depart from
engineering over time.



In addition, we examined which disciplines movers moved to. Although some students switched
majors more than once, we are reporting the major that the movers had at the start of their junior
year. Figure 2 below is a pie-chart of the disciplines that movers move to for both cohorts.
Individual majors were grouped into the following disciplines: Business, Physical/Life Sciences
& Tech/Math (i.e. physics, biology, etc.), Social Sciences/Education (i.e. political science,
psychology, etc.), Humanities/Art (i.e. English, communication, etc.), and Other. These groups
will be abbreviated as B, PLSTM, SS/E, H/A, and O respectively.
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Figure 2. Distribution of disciplines that movers selected at the start of their junior year for the
2007 (left) and 2012 (right) cohorts.

It appears that more movers in the 2012 cohort moved to technology-oriented fields in 2012 and
less to humanities/arts when compared to the 2007 cohort. Besides that, the distributions are
similar indicating little difference over time in movers’ discipline selection. We also examined
what role cumulative GPA has on what major movers select by their junior year, and the results
did not match the results of previous works®. Table 3 displays the grade distributions for movers
moving to each of the discipline groups from Figure 2.



2007 Cohort B PLSTM SS/E H/A @)
Below C 3% 11% 18% 15% 15%
AtC 25% 51% 52% 53% 35%
Above C 2% 38% 30% 32% 50%
Average GPA 3.2 2.8 2.6 2.8 2.9

2012 Cohort B PLSTM SS/IE H/A o
Below C 2% 8% 8% 3% 0%
AtC 17% 49% 50% 45% 68%
Above C 81% 43% 42% 55% 32%
Average GPA 3.2 2.9 3.1 3.0 2.7

Table 3. Grade distributions and average last cumulative GPA in engineering for movers moving
into Business (B), Physical/Life Sciences & Tech/Math (PLSTM) Social Sciences/Education
(SS/E), Humanities/Art (H/A) and Other (O).

In previous works, movers going to business had a lower average cumulative GPA distribution
than those going to physical sciences®. In our study, however, movers going to business had the
highest average cumulative GPA and the overall most right-shifted grade distribution. There are
many possible reasons for the differences between our study and previous works in this area
which will be explained in the discussion section below.

Finally, the education pathways of the 2007 and 2012 engineering freshman cohorts was
analyzed by gender as well. Table 1 shows the summary of education paths for both cohorts and
for both men and women. Figure 3 below shows the grade distributions for male and female
stayers at the end of their sophomore year.
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Figure 3. Grade distributions for male and female stayers at the end of their sophomore years for
the 2007 (left) and 2012 (right) cohorts.

Interestingly, women stayers have statistically significantly (p value less than 0.05) higher GPAs
than men in both cohorts, suggesting that GPA may have a more prominent influence on women
staying in engineering than with men. Corresponding trends can be seen in the leavers’ grade
distribution in Figure 4 below. Women leavers have lower GPAs than their male counterparts,
again indicating that GPA may have a higher impact on women’s’ education pathway than on
men’s.
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Figure 4. Grade distribution of male and female leavers when departing from engineering for the
2007 (left) and 2012 (right) cohorts.

Another interesting finding in terms of GPA is the difference in GPA distributions of male and
female movers. Figure 5 below shows the grade distributions of male and female movers.
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Figure 5. Grade distributions for male and female movers when departing from engineering for
the 2007 (left) and 2012 (right) cohorts.

Figure 5 shows that female movers have higher cummulative GPAs when departing from
engineering. Figure 1 already demonstrated evidence for the claim that GPA is probably not the



primary reason movers move. Figure 5 supports the claim that GPA is even less of a reason
female movers move when compared to male movers. We suspect that either a lack of sense of
belonging in women or a chilly climate towards women in engineering may be responsible for
the for the difference (though we can cannot be sure). This will be explored further in the

discussion section.

Table 4 below shows what disciplines male and female movers select by the start of their junior
year for the two cohorts. There does not appear to be much difference between men’s and
women’s discipline selection in either cohort. However when compared to the 2007, there was a
sizeable increase in females going to PLSTM majors in 2012.

2007 Cohort 2012 Cohort
Female Male Female Male
B 9% 19% 14% 22%
PLSTM 24% 30% 45% 32%
SS/E 24% 27% 26% 23%
H/A 22% 16% 9% 11%
@) 20% 8% 6% 12%

Table 4. Distribution of selected disciplines for male and female movers moving into Business
(B), Physical/Life Sciences & Tech/Math (PLSTM) Social Sciences/Education (SS/E),

Humanities/Art (H/A) and Other (O).

One last item we examined was the grade distributions of male and female movers for both
cohorts. Table 5 below shows both the discipline selected and GPA when departing from
engineering for male and female movers.




2007 Cohort B PLSTM SS/E H/A O

Female | Male | Female | Male | Female | Male | Female | Male | Female | Male

Below C 0% 4% 0 14% 9% 21% 10% 17% 11% 18%
AtC 50% 21% 18% 59% 36% 56% 40% 58% 44% 27%
Above C 50% 75% 82% 27% 55% 23% 50% 25% 44% 55%

Average GPA 3.0 3.2 3.4 2.7 3.1 2.5 3.0 2.7 2.9 2.8

2012 Cohort B PLSTM SS/E H/A o
Female | Male | Female | Male | Female | Male | Female | Male | Female | Male
Below C 9% 0% 3% 10% 0% 12% 14% 0% 0% 0%
AtC 9% 19% 50% 49% 38% 55% 43% 42% 80% 65%
Above C 82% 81% 47% 41% 62% 33% 43% 58% 20% 35%
Average GPA 3.3 3.2 3.0 2.8 3.2 2.8 2.9 31 25 2.8

Table 5. Grade distributions for male and female movers moving into Business (B),
Physical/Life Sciences & Tech/Math (PLSTM) Social Sciences/Education (SS/E),
Humanities/Art (H/A) and Other (O for both the 2007 (top part of table) and 2012 (bottom part
of table) cohorts. The cumulative GPAs were taken their last semester in engineering.

Looking at Table 5, there do not appear to be any major differences between the average GPASs
of male and female movers that selected a particular discipline. There also doesn’t appear to be
change between the cohorts in terms of GPA and discipline selected for both male and female
movers. Table 5 is evidence that there is not much difference between male and female mover
GPAs for either cohort. Additionally, there is also not much change between cohorts GPAs for
each discipline group when keeping gender constant. Overall, gender does not seem to be a
major factor in what discipline a mover moves to; GPAs between male and female movers is
nearly the same, and there is not much change in GPAs for each discipline group when
considering cohorts controlled for gender.

Discussion

Recall that the research question is “What role does student performance, gender, and sense of
belonging have in student persistence and destination during the first two years of engineering?”’
This discussion will focus on each of the three areas (i.e. performance as measured by
cumulative GPA, gender, and sense of belonging) individually.

From Table 1, one can clearly see that retention for all students increased from about 50% to
65% despite increasing enrollment. This fact suggests that the suite of strategies most likely




played a role in increasing retention over time. Another likely factor in the increasing retention
over time is efforts by the university as a whole to increase retention. However, even with the
other factors, 15% is large enough of an increase to suggest that the suite of strategies played a
role in increasing retention, and at least the suite didn’t harm retention either way. The suite of
strategies did not appear to have a role in GPA between the cohorts, when people depart from
engineering, or what disciplines movers moved to as evidenced in Figures 1 and 2 and Table 2
(as expected.) Overall the suite of strategies was successful in increasing retention when
considering the student body as a whole. The interested reader can see Judson et. al'* for a more
detailed examination of the suite of strategies effect on retention for different student subgroups.

The apparent role of GPA in educational pathways is mixed. On one hand, about 90% of movers
and 50% of leavers had GPAs at or above C, indicating that GPA is not the main factor if a
student moves from engineering, and that other factors besides GPA play a role in a student’s
educational pathway. This finding is consistent with the literature. A 2010 study by Eris
surveyed a cohort of engineering freshman 7 times over their 4 years in college and found that
motivation to study engineering, confidence in math and science skills, intention to study
engineering, and financial difficulties as reasons for non-persistence in engineering*?, which
demonstrates the variety of reasons that students depart from engineering. Though we did not
survey the students examined in our study, we expect similar variation in reasons for moving or
leaving from engineering. However, it is important to note that the majority of stayers did have a
GPA above C. Although GPA is probably not the main reason a student moves from
engineering, it may be one of the main reasons a student stays in engineering or leaves the
university. This finding is consistent with our previous work that relates retention to academic
performance®.

The destination of movers is consistent when comparing the 2007 and 2012 cohorts. However,
this works demonstrates that those moving into business had higher GPAs departing from
engineering than those moving into PLSTM majors, which is inconsistent with previous works®.
There are many possibilities for this discrepancy, including sample size and business school
reputation at the college examined. The study “Grade-Point Average, Changes of Major, and
Majors Selected by Students Leaving Engineering” by Ohland et al.? included engineering
students from many schools whereas our study included students from only one large,
southwestern university. Also, the business school at the sampled university has a high ranking
program with a minimum transfer cumulative GPA of 3.0 (currently)'. Therefore, it makes sense
that students moving into business would have higher GPAs than other disciplinary groups.
However, GPA does not appear to have much impact on what discipline a student moves to
overall, as seen in Table 3.

The role of gender in educational pathway is pronounced when considering GPA. Female stayers
had statistically significantly higher grades than male stayers in both cohorts, which suggests that
GPA plays a larger role in women staying in engineering than in men. In addition, gender did
not appear to be a factor in what discipline movers moved to for either cohort. Female movers
had higher average cumulative GPAs than male movers for both cohorts, indicating that GPA is
not as significant of a factor in moving when compared to men. We expect that this is because of



a lack of sense of belonging. Previous work about engineering students at the university
demonstrated that the suite of strategies mentioned in this study did not impact the rate of
retention within engineering for women?. Also, many previous works show that women
experience an unwelcoming, chilly climate in STEM more often than men*>*®, and this may be
the case at the large, southwestern university studied as well, which would decrease the sense of
belonging for women.

Conclusions

This study answered the research question “What role does student performance, gender, and
sense of belonging have in student persistence and destination during the first two years of
engineering?” Student performance as measured by cumulative GPA has an impact on education
pathway. Although GPA is probably not the main reason a student moves from engineering, it
may be one of the main reasons a student stays in engineering or leaves the university. Gender
has an influence on education pathway with respect to GPA. Female stayers had statistically
significantly higher grades than male stayers in both cohorts, which suggests that GPA plays a
larger role in women staying in engineering than men. In addition, gender did not appear to be a
factor in what discipline movers moved to for either cohort. Female movers had higher average
cumulative GPAs than male movers for both cohorts, indicating that GPA is not as significant of
a factor in moving when compared to men. Finally, sense of belonging has an impact on
education pathway as well. The suite of strategies introduced in 2007 appears to have played a
role in increasing retention overall within engineering, and because the components of this suite
of strategies have shown to increase sense of belonging in students™, we suspect that the increase
in overall retention was impacted by an increase in sense of belonging. To benefit sense of
belonging and reduce chilly-climate issues that appear to impact females’ pathways more than
males’, it is recommended that faculty development, particularly for creating an inclusive
classroom environment, be implemented at the institution studied.
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