A Longitudinal Study of Student Mental Health During the course of the
COVID-19 Pandemic

Abstract: This research paper supports the LEAD strategic priority “Inform.” While COVID-19
continues to be a concern, many of the restrictions and precautions associated with the early
outbreak have been relaxed. With academia and society slowly adjusting to this “new normal,” it
is important to know whether and to what extent the mental health of engineering students has
changed throughout the pandemic. This work explores that question by analyzing longitudinal
data collected four times from 2019-2021. We analyze how the prevalence of different
conditions changed with the onset of the COVID-19 pandemic, and whether they have returned
to pre-pandemic levels. Among other results, we found statistically significant increases in total
depressive disorders between our initial sample (Fall 2019) and a sample taken immediately
post-COVID (Spring 2020). While measured rates of depression decreased between Spring 2020
and Fall 2021, it was not statistically significant, potentially indicating that the student
population is still recovering on this metric. Conversely, our data shows a statistically significant
drop in moderate-to-major psychological distress between our Fall 2019 pre-pandemic sampling
and our Fall 2021 post-pandemic sampling indicating, potentially indicating an improvement in
overall mental health. Breaking the data down by gender, no significant changes were observed
across any measure during the four sample periods for women respondents. Men, however,
showed a significant increase in depressive disorders from Fall 2019 to Spring 2020. The biggest
jump in depression, however, was observed among respondents whose parents’ highest level of
education was a Bachelor’s degree.

Introduction

The COVID-19 pandemic led to numerous changes for engineering students across the nation.
Faculty and students were forced to rapidly adapt to online learning modalities as campuses
closed and individuals were affected by stay-at-home orders. Many students on residential
campuses were also forced to move back home during the middle of their academic year as
population-dense student dormitories were shut down to further minimize the risk of virus
transmission. Against this chaotic backdrop, it is not surprising that data collected during the
early stages of the COVID pandemic show a surge in mental health issues among engineering
and pre-engineering students [1], [2]. By Fall 2021, however, with COVID-19 vaccines widely
available, many colleges reopened for in-person learning and students began adjusting to a new,
post-COVID normal.

As this process continues, and as universities continue to face ongoing waves of disruption from
COVID-19 variants, it is important to understand how the mental health of students has changed
during the pandemic, and whether, and to what extent mental health screen rates have returned to
pre-pandemic levels. We explore this topic by analyzing the results of mental health screens
completed by a cohort of engineering students recruited from 8 universities across the United
States. Participants were sampled four times between Fall 2019, just before COVID-19 was
known to be widespread in the United States and Fall 2021 after many universities had reopened.



Background

Even before the pandemic, mental health was an area of particular concern for engineering
programs and students. While data from the U.S. shows engineering students suffering from
mental health disorders at similar rates to students in other majors, they are significantly less
likely to seek counseling resources for mental health issues than students in other majors [3], [4],
and students who do manage to access treatment have reported several discipline-related barriers
to successfully navigating their program [5]. Additionally, engineering programs have been
found to foster cultures of stress [6] and shame, and are known to expose students from
marginalized communities to microaggressions [7], [8]; making student mental health a
particularly salient concern for the engineering education community.

Mental health data collected during the pandemic showed that incidence of mental health
disorders, including anxiety, depression, and eating disorders significantly increased [9]-[11].
Data on engineering and pre-engineering students specifically show rates of depression
approaching 50% [1], [2].

While the development and widespread deployment of COVID-19 vaccines and a general
relaxing of COVID-19-related closures and isolation mandates have arguably relieved some of
the key stressors and disruption caused by the pandemic, existing research indicates that it might
take time for student mental health to recover to pre-pandemic levels; and that the conditions
most affecting student mental health may have changed during the pandemic. One longitudinal
study conducted Spring—Fall 2020 indicated that while levels of acute stress fell over time,
incidence of depressive symptoms increased [12]. Additionally, an analysis of mental health
outcomes surrounding previous pandemics and natural disasters has found that rates of
depression and anxiety remained elevated for years after disasters, with children showing higher
depressive and anxiety symptoms than adults [13]. These and other sources looking at the
psychological effects of COVID-19 and natural disasters, however, all note that there is a dearth
of longitudinal data that can show whether and to what extent mental health continues to be
affected in the aftermath of such events [12]-[14]. Therefore, the data presented here serves as
an important benchmark for understanding what COVID-19 mental health challenges our
students may still be facing as colleges continue to move into a post-COVID model of operation.

Methods

The findings presented in this article come from a survey that was presented to a cohort of U.S.
engineering students four times from Fall 2019 through Fall 2022.

Survey Design

The instrument used for this data collection was modeled off of the instrument used in numerous
studies of mental health in engineering students [15], [16]. It is composed of the Patient Health
Questionnaire [17], a survey used to determine rates of depression, anxiety, and eating disorders
in a population; The Kessler 6 [18], a survey designed to measure major and moderate [19]
psychological distress; and the PC-PTSD [20], an instrument designed to identify PTSD-like
symptoms in a population. The survey also included questions about respondent demographics,



including race/ethnicity, gender, disabilities, and sexual orientation. For this survey, “mental
health” is exclusively measured by analyzing the presence or absence of a potentially
diagnosable mental health condition; general aspects of “mental wellness” are not captured.

Longitudinal Design

The study that resulted in this data was designed to be introduced to first- and second-year
engineering students in year 1 of data collection, with follow-up data collected as the cohort of
respondents progressed through their program. Students interested in participating in follow-up
surveys were asked to provide a school and permanent email address. To limit participation to
first- and second-year students, our recruitment material specified that only first- and second-
year engineering or pre-declared engineering students should take the survey; where possible, we
also asked partner institutions to only send information about the survey to their first and second-
year students. The first-year survey also contained logic to screen for first- and second-year
participants: before being asked any mental health questions, the survey asked respondents their
year in the program and only allowed those reporting years 1 or 2 to continue.

Data Collection

With the approval of California Polytechnic State University’s Institutional Review Board and in
coordination with our partner universities, this survey was issued to first- and second-year
students at eight non-profit four-year universities in fall 2019 through early winter 2021 (before
the COVID-19 virus was known to be widespread in the U.S.). The partner universities are
located across the U.S. with sites in Arizona, California, Colorado, Florida, Iowa, and
Wisconsin. The initial data collection (t1) yielded over 900 results, with over 800 respondents
providing emails to be included in follow-up studies. Sites were selected to ensure broad
geographic representation of students across the United States. Sites contained a mix of both
public non-profit and private non-profit schools and were a mix of research-focused institutions
and primarily undergraduate institutions.

Between 2019 and 2021, we contacted students who provided their email addresses three
additional times to measure mental health with our survey instrument. The first follow-up
collection was conducted in Summer 2020 (T1.5), soon after the onset of the COVID-19
pandemic in the U.S. The second follow-up data collection (T2) occurred in late Fall of 2020,
and the third and final data collection (T3) occurred in Fall of 2021. These data collection points
are summarized in Table 1. For clarity, survey points will be referred to by T1-T3 throughout
this paper.

Table 1. Summary of data collections

Sampling \ Period collected

T1 Fall 2019—Winter 2020 (pre-COVID)
TI1.5 Summer 2020
T2 Fall 2020

T3 Fall 2021



Respondents

Despite the large number of respondents indicating interest in follow-up studies, relatively few
respondents participated in all four data collections. Therefore, for this analysis we include all
participants who participated in at least three of the four data collections. This resulted in a final
sample size of 162. Total participation for each data collection period is shown in Table 2.

Table 2. Number of participants who participated in at least 3 data collections.

Data Collection \ Participants
Initial (fall 2019—winter 2020) | 162

COVID onset (summer 2020) | 88

Second year (fall 2020) 149

Third year (fall 2021) 149

The demographics of these respondents are broken down in Table 3. The population is three-
quarters White, with a roughly even split among men and women. Due to the relatively small and
homogeneous sample size, analysis of this data set can only draw limited conclusions about how
mental health changed across demographic.

Table 3. Demographics of respondents who participated in 3 or more data collections.

Race or ethnicity (n)

White 121
Asian 21
Hispanic or Latino 12
Black or African American 2
Mixed Race 3
Prefer not to respond 3
Gender (n)
Man 77
Woman 81
Another 2
Prefer not to respond 2
Sexuality (n)
Heterosexual 131
LGBA 31
Parents’ Education (n)

Bachelor’s Degree 76
Post-Bachelor’s training 59
Completed some university 10
High school or equivalent 8
Associate’s degree 4
Some formal schooling 5



Data Analysis

Quantitative analysis of this data was conducted in the R open-source statistical computing
language [21]. After data was collected, mental health screens were scored for each respondent
for each data collection. As a condition of IRB approval, we were not able to require respondents
to answer any specific questions. Where respondents provided answers to only some questions in
a screen, if they provided enough information to score the instrument, their result was included
for that screen.

ANOVA analysis was used on the dataset to determine if the incidence of any mental health
screen across all respondents changed significantly between data collection times. This analysis
was repeated per demographic group to determine how mental health changed within different
populations of engineering students over time. Due to the small sample size and relative
homogeneity of the data, several demographic groups had to be condensed to allow for statistical
analysis. Unfortunately, gender had to be operationalized as a binary between Man and Woman
due to a lack of data from respondents indicating “another.” These factors are summarized in
Table 4. Additionally, mental health measures were operationalized as “moderate or major
psychological distress,” “any depressive disorder,” “any anxiety disorder,” “PTSD,” and “any
eating disorder.”
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Table 4. Condensed demographic categories

Category Factor

Gender Man
Woman

Race or Ethnicity White
Asian
Another

Parent’s Education | Bachelor’s degree

Post-Bac degree or training

Some college or Associate’s degree
High school or some formal schooling

Limitations

Some issues with this study may limit the generalizability of these results. First, this study was
originally intended to provide longitudinal data on how the mental health of engineering students
changed as they progressed through their program and our participants were all first- or second-
year engineering students as of the first data collection. As a result, it is not fully possible to
differentiate changes in mental health that occurred because of COVID-19 versus progressing
through an engineering program. Additionally, since not all respondents completed all four data
collections, the respondent population is slightly different for each timeframe, possibly skewing
results. Finally, the homogeneity of the sample population limits our ability to determine how the
pandemic affected different marginalized groups in engineering education. Despite these
limitations, we believe that this dataset still provides an overview of how mental health for
certain populations of engineering students changed during the pandemic.



Results

The overall mental health screening rates for our respondents are shown in Figure 1. Rates of
moderate-to-major psychological distress appear to drop as time goes on. For other conditions,
incidence appears to increase between T1 and T1.5 (pre-to-post COVID-19, before decreasing
back towards pre-COVID levels.
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Figure 1. Mental health positive screen rates across.

The results of our ANOVA analysis of how incidence of conditions changed over time are
summarized in Table 5. We found that only the changes in moderate-to-major psychological
distress incidence of depressive disorders were statistically significant to a 95% confidence
interval.

Table 5. Significant changes in mental health between samplings.

Condition Time period | Absolute p
Change (%)
Moderate—major distress 1-3 -10.4 .00069
2-3 -9.5 021
Any Depressive 1-1.5 13.2 .0049
1.5-3 -15.4 .0046

Results of the per-demographic ANOVA analysis are summarized in Table 6. Respondents who
reported their gender as men saw a significant jump in depressive disorder from the initial pre-



COVID data collection to the first post-COVID data collection. Respondents who report that
their parents’ highest level of education is a Bachelor’s degree had a large jump in overall
incidence of depressive disorder between the pre-COVID and immediately post-COVID data
collections. Their rates of depression significantly decreased after the first post-COVID
collection.

Table 6. Significant changes by demographic

Demographic Condition Time | Absolute p
Change (%)
Men Any Depressive | 1-1.5 | 12.1 .042
Parent with Bachelor’s | Any Depressive | 1-1.5 | 35.9 .00032
1.5-2 | -26.0 .020
1.5-3 |-29.2 .0067

For comparison, rates of depression versus time broken out by gender and by parents’ education
are shown in Figure 2 and Figure 3.
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Figure 2. Total depression by gender.
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Figure 3. Total depression by parents' education.

Discussion

The longitudinal sample of students from eight partner universities across the U.S. shows a
significant increase in depression from T1-T1.5. Since this correlates with the onset of the
COVID-19 pandemic, this result is not surprising and is indeed consistent with what other
studies have found. Our data also reveals that between T1.5 and T3, incidences of depressive
disorders have receded by roughly the same amount that they increased during the initial phase
of the pandemic.

Looking at the per demographic statistical analysis, the population with the biggest significant
change in depression is those students whose parents’ highest level of education is a bachelor’s
degree. The overall incidence of depression among this population increased from 15.5% to
51.4% of respondents at T1.5, before decreasing to 22.2% by T3. We also observed a statistically
significant increase in depression among respondents who identify as men from T1-T1.5. This
data is particularly interesting since men and students whose parents have achieved a Bachelor’s
degree represent two traditionally overrepresented populations in engineering education.
Looking at the overall incidence of depression among demographics in Figure 2 and Figure 3
both men and student’s whose parents’ achieved a bachelor’s degree had among the lowest
incidence of depression of all population groups in T1, but show among the highest incidence of
depression during T1.5. One possible explanation for this is that the T1.5 sample is not fully
representative of the study population: it had roughly half the respondents of the other samplings
and may be more susceptible to self-selection among our total participant pool. Another
explanation is that as majority populations in engineering programs, men and students whose
parents earned a bachelor’s degree are more comfortable on campus and derive more of their



identity from being in a residential college program than their peers from marginalized
backgrounds. The uncertainty that accompanied the onset of the COVID-19 pandemic and
related campus closures may have removed some of these advantages and acted to equalize rates
of depression across populations. Indeed, we see that during T1.5 rates of depression among men
are roughly equal to rates of depression among women, and rates of depression among those
whose parents have bachelor’s degrees approach the rates of depression of first-generation
college students. If this is the case, our data may suggest that some of the mental health
disparities among demographic groups that have been documented in engineering education are
due to campus cultures and other aspects of residential education that disparately benefit
majority-in-engineering populations.

While Figure 3 shows spikes in depression in Fall 2020 for respondents whose parents had less
than a Bachelor degree, these trends were not statistically significant.

The other major trend we observe in the data is that overall rates of moderate to major
psychological distress significantly decrease from the pre-COVID T1 sample to the final T3
sample. There is also a significant decrease in this measure from T2 to T3. One possible
explanation is that mental health in engineering education improves as students progress through
their programs and near graduation. Previous research has shown that the transition to college is
often associated with higher levels of stress and psychological distress [22], [23] which may be
mitigated as students spend more time in the program and near graduation. Another possibility is
that as time went on, the students who were able to adapt, thrive in their programs, and improve
their mental health were more likely to persist, while those who were not left engineering and
stopped participating in the study. Since only those respondents who completed three or more
surveys were included in this analysis, those who left engineering and stopped responding are
not represented in this data. Unfortunately, given the limits of our data collection, there is no way
to know whether or to what extent these factors cause the observed decrease in psychological
distress.

Conclusions

This study examined how rates of mental health disorders changed in engineering students
changed during the pandemic. Within our sample population, only rates of depression and
moderate-to-major psychological distress changed significantly. While depression peaked in the
first sampling after COVID-19 became widespread in the United States, by the end of the
sampling it had receded to roughly pre-COVID levels. Major-to-moderate psychological distress
decreased from pre-COVID levels by the T2 and T3 samplings, indicating that certain measures
of mental health improved for our respondent population.

Analyzing the data on a per-demographic basis, men and those whose parents achieved a
bachelor’s degree were the only groups to show a statistically significant spike in depression. In
the immediate aftermath of COVID, men’s rate of depression surpassed that of women, while
students whose parents earned a bachelor’s degree had a rate of depression second only to first-
generation college students. Given that both populations are traditionally in the majority in
college programs, it seems that the challenge of COVID-19 and related campus closures acted as
an equalizing factor for mental health across groups.



Ultimately, other than a decrease in moderate-to-major psychological distress, our data showed
that there were no statistically significant differences in the mental health between the initial pre-
COVID measurement and T3: for this cohort it appears that mental health has largely returned to
pre-COVID rates. It is important to note that all the students in this study were already in college
by the time COVID-19 became prevalent within the United States and were nearing graduation
at the time of the final data collection. Things may be different for those students who started
college during the remote learning phase of the pandemic and for those who had their high-
school education disrupted by the pandemic and are only now starting to matriculate in college.
Further study is needed to determine how the pandemic may have changed the mental health
landscape for these students.

It is also important to note that this study only looked at mental health in terms of diagnosable
mental health conditions: while our data shows that rates of these conditions have normalized,
there may be lingering mental wellness issues and other lasting effects of the pandemic not
captured here.
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