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ABSTRACT

The ongoing COVID-19 pandemic has significantly impacted adolescent health and lifestyle. This study aims
to evaluate adolescent physical and mental health, and behaviors and attitudes related to the COVID-19 pan-
demic. We surveyed 7-12" grade students in one Los Angeles independent suburban school (Sierra Canyon
School) and statistically analyzed their anonymous responses. Two surveys were administered: Survey 1 in
March 2021, when the school had been closed to in-person learning for approximately one year, and Survey 2
in May 2021, about six weeks after the school had opened for voluntary in-person learning. Survey 2 included
additional demographic questions about gender, political affiliation, and race/ethnicity to evaluate the correla-
tion between these factors and COVID-related issues. We used linear regression to analyze correlations between
parameters characterizing various aspects of health habits, attitudes, and behaviors and evaluated the statistical
significance of the differences using Student’s 7-test. We were most interested in analyzing the impact of school
reopening by comparing the data in Survey 1 to Survey 2. The main result is that the return to in-school learning
had a pronounced positive effect not only on the education quality but also on a number of various aspects of
adolescent health and behavior. In addition, the survey showed interesting, sometimes surprising, correlations
between distinct parameters, for example, the effects of gender on physical and mental health; or political af-
filiation on COVID-related attitudes and behavior.

Introduction

In March of 2020, the WHO declared the Coronavirus Disease 2019 (COVID-19) a pandemic. Several days
later, California became the first US state to institute a statewide stay-at-home order (Helsel, 2020), which
required all non-essential workers to severely limit daily activities and social interaction. This order and subse-
quent other mandates were in concordance with WHO and CDC guidelines that recommended masking, main-
taining six-feet social distance, and frequent hand washing (CDC, 2021). As a result of these safety protocols,
schools shifted towards virtual learning, significantly impacting adolescent health and lifestyle. Although not
specifically focusing on adolescents, past research during the SARS pandemic of 2002-2004 showed higher
rates of depression and PTSD in people in quarantine (Hawryluck, 2004).

While there have been published reports on public attitudes towards pandemic developments such as
vaccines, school closures, and quarantine (Largent, 2020; Mirahmadizadeh, 2020; Song, 2020), as well as over-
all adolescent physical and mental health (Moitra, 2020; Patafio, 2021), there are limited data on the changes
in health habits, behaviors, and attitudes of adolescents during the COVID-19 pandemic, particularly in the US.

The COVID-19 pandemic will have a formative effect on adolescents, and therefore it is important to
evaluate its short and long-term ramifications. A more detailed evaluation of adolescent behavior, mental health,
physical activity, diet, adherence to and attitudes towards COVID-related safety measures, and vaccination can
help educators, health experts, and political leaders develop programs to assist adolescents during and after the
pandemic. To address these issues, we administered two surveys (Appendix 1) to Sierra Canyon middle and
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high school students. Survey 1 was administered in March 2021, when the school had been closed to in-person
learning for about a year; Survey 2 in May 2021, about six weeks after the school had opened for voluntary in-
person learning. To our knowledge, this is the first COVID-related survey given to adolescents in one particular
school (based on a May 2021 PubMed search using the keywords “adolescent,” “COVID-19,” “health,” “mental
health,” and “high school”). Sierra Canyon School has a diverse student population of a similar socioeconomic
status (middle-high income), provides a rich learning environment, and is among the top schools in the Greater
Los Angeles area. As detailed in Appendix 1, we sought to analyze different aspects of physical health and
activities (regular exercising, taking a shower, etc.), dietary habits (having regular meals, eating fruits and veg-
etables, etc.), psychological wellbeing, social interactions; and COVID-related attitudes and behaviors (main-
taining social distancing, attitudes towards vaccination, etc.).The analysis of surveys’ responses showed that
the return to in-school learning had a positive effect on various aspects of adolescent physical and mental health.

Methods

The project consists of self-administered surveys given to Sierra Canyon middle and high school students
through Google Forms (Appendix 1). Survey 1 was made available on March 3™,2021, and Survey 2, on May
6™, 2021, to students attending a Sierra Canyon science class. The majority of students answered both surveys
as they received an extra credit point, at their teacher’s discretion, on their class grade as an incentive for survey
completion. Only participating teachers knew the identity of the respondents, while the responses themselves
were unknown to the teachers. Surveys 1 and 2 (Appendix 1) shared questions investigating the participants’
physical health and dietary habits (questions (Q)3 to 7), mental health (Q8 and 9), social interaction (Q10 and
11), and COVID-related attitudes and behaviors (Q12 to 21). The physical health section encompasses partici-
pant behaviors regarding physical activity, personal hygiene, sleep, and time spent outside. The mental health
section utilizes the Patient Health Questionnaire (PHQ-9; question Q8) and asks a related question about the
difficulty to perform daily functions (Q9) (Spitzer, 1999). Other related questions are the frequency and quality
of social interaction, e.g., with friends (Q10 and 11). COVID-related questions (Q12 to 21) cover participants’
behaviors and attitudes to pandemic safety precautions, restrictions, and vaccines. Participants in both surveys
stated their grade level, while Survey 2 also included demographic questions (Q22 to 24) such as gender, polit-
ical affiliation, and race/ethnicity. The survey uses several types of questions, including multiple-choice, matrix,
and linear scales. The total number of respondents to Survey 1 questions was 488; to Survey 2, 320.

Both surveys had three categories of participants with regard to in-person school-related interactions
(Q2): none, some, or regular. The “no in-person interaction” subgroup included students who were exclusively
distance learners. The “some” subgroup encompassed distance learners who occasionally came to school for
extracurricular activities, for example, theater rehearsals. Importantly, however, the “regular in-person interac-
tion” had a qualitatively different meaning in Survey 1 versus Survey 2. In Survey 1, when school was still
closed, this subgroup included mostly athletes who came to school regularly for training. However, in Survey
2, “regular in-person interaction” encompassed students that returned to school. This difference is critical when
analyzing the impact of school opening by comparing the responses to Surveys 1 and 2, particularly in the
“regular in-person interaction” subgroup.

For statistical analyses, we first “digitized” the written answers, as detailed in Appendix 1, and created
a “cumulative score” by summing the answers of individual respondents to all sub-questions in a given category.
For example, the individual respondent’s answers to questions 3, 4, and 7 were summed to generate their phys-
ical health cumulative score. For PHQ-9 (mental health), we followed the standard scoring system (Stanford
Medicine). The range for the scores for different questions is stated in Appendix 1 and in Figure tables. For
most parameters, the greater score denotes the better outcome, for example, a higher level of physical activity.
By contrast, in the mental health questions (e.g., PHQ-9 cumulative scores 0-27), the greater score denotes a
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more negative outcome. In the dietary habits Q6 score, bad habits (e.g., eating junk food) were assigned negative
values, subtracting from the cumulative score.

We used Excel and Prism8 (GraphPad Prism, San Diego, CA) tools for statistical analysis. Correlation
between different categories (e.g., physical and mental health) was analyzed by linear regression; the difference
between the answers to a particular question (e.g., Survey 1 versus 2) was evaluated by Student’s #-test. When
correlation was negative, we stated R-values as negative. p<0.05 was considered statistically significant.

Results and Discussion

For each question, we have quantified the responses as a percent distribution of the total (Appendix 1); the
figures show representative results of statistical analyses. Figure 1 presents examples of descriptive statistics
illustrating changes (or lack thereof) in habits and behavior of the student population between Survey 1 (school
closed) and Survey 2 (school reopened). In particular, school reopening had little effect on personal hygiene
(Figure 1B), dietary habits (Figure 1C,D), or sleep patterns (Figure 1E). However, there were positive trends
towards COVID vaccination in the student population (Figure 1F). Of note, the corresponding questions (Q21
in Appendix 1) were formulated differently in Survey 1 and 2 because vaccination was not made available to
students’ age group in early March of 2021. The percentage of high school students who resolved not to get
vaccinated in Survey 1 (21%) decreased to 16% in Survey 2, with school reopened. More significantly, the
percentage in Survey 1 of high schoolers committed to getting vaccinated (55%) increased in Survey 2 to the
combined 68% of those who either got vaccinated by May 2021 (33%) or planned to get vaccinated (35%). In
other words, after COVID vaccines were made available to adolescents, more than 50% of the eligible student
population planned to be vaccinated or already had been.
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Figure 1. Descriptive statistics illustrating parameters of Surveys 1 and 2 (Appendix 1) characterizing physical
health, dietary habits, and attitudes towards COVID vaccination. (A) Respondents’ distribution according to
school grade level. (B) Personal hygiene habits. (C,D) Dietary habits. (E) Sleep patterns. (F) COVID vaccina-
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Figure 2. Parameters of psychological wellbeing in student population. (A,B) Student’s #-tests for PHQ-9 and
functional difficulty cumulative scores. (C) Linear regression for PHQ-9 and functional difficulty.

The surveys addressed an important question of how the COVID pandemic and school closure and
reopening affected students’ psychological wellbeing (Figures 2-4). School reopening positively impacted stu-
dents’ mental health as assessed by the commonly used Patient Health Questionnaire (PHQ-9; Spitzer, 1999),
although the trend did not reach statistical significance (p=0.074; Figure 2A). In particular, there was a signifi-
cant decrease in the difficulty of performing daily functions (Figure 2B). (Note that higher scores on PHQ-9
(Q8 in Appendix 1) or functional difficulty (Q9) questions signify a worse mental health condition.) That these
two parameters of psychological wellbeing are tightly correlated is demonstrated by their linear regression
(Figure 2C). Tellingly, the mean value of the PHQ-9 cumulative score we obtained (Figure 2A) is classified as
mild depression (Stanford Medicine).

As another illustration of the changes, the percentage of students who reported extreme difficulty in
performing daily functions decreased with school reopening, while that of students with no functional difficulty
increased (Figure 3A). The data in Figure 2 and Figure 3A relate to the whole student population surveyed.
Interestingly, the analysis showed an even greater improvement in performing daily functions within the
“regular in-person contacts” subgroup (Figure 3B, top table), which in Survey 2 encompassed students who
returned to school. In contrast, there was no improvement (and even an upward trend) in functional difficulty
among students in the “no in-person school contacts” subgroup (Figure 3B, bottom table), which in Survey 2
consisted of those who continued staying at home.
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Figure 3. Changes in the level of functional difficulty with school reopening. (A) Effect of school reopening
on the lowest and highest levels of difficulty performing daily functions. (B) Changes in the level of functional
difficulty within the subgroups of students with regular or no in-person school contacts (z-test).

A related aspect of students’ psychological wellbeing is how the respondents assessed the quality of
their social interactions (e.g., with friends). This parameter markedly improved with school reopening (Figure
4A). The effect was even more pronounced (almost two-fold increase; Q11 in Appendix 1) among students who
specified the highest quality of social interaction (Figure 4B). Interestingly, the (negative) correlation between
the quality of social interaction and mental health (PHQ-9) scores was only moderately tight (Figure 4C); it
became stronger in Survey 2, i.e., with school reopening.

Compared with marked effects of school reopening on students’ mental health, there was lesser change
in the parameters of their physical health, including personal hygiene and dietary habits, and sleep patterns. In
fact, the surveys did not show any significant effect on the above parameters (Figure 1B-E). The overall/cumu-
lative score for students’ physical health (based on Q3,4,7), however, did improve significantly between Survey
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1 and 2 (Figure 5A). Linear regression analyses (Figure 5B,C) showed a moderately strong positive correlation
between the overall physical health and good dietary habits, and a somewhat stronger (negative) correlation
with parameters of mental health (PHQ-9 cumulative score). One, quite expected, factor contributing to im-
proved physical health habits has been the increased time spent outside (Figure 5D), particularly among students
with the highest rate of outside activities (Figure SE). Of note, the overall level of students’ physical health was
quite high in both surveys (mean cumulative score of 12.1-12.7 out of 15; Figure 5A), contrasting the mild-
depression level of their mental health (mean PHQ-9 cumulative score of 7.5-8.4 out of 27; Figure 2A).
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Figure 4. Changes in the quality of students’ social interactions with school reopening. (A,B) Effects of school
reopening on the overall (A; #-test) and the highest (B; score 5) level of social interaction quality. (C) Linear
regression between the quality of social interaction and mental health (PHQ-9).
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Figure 5. Changes in physical health habits with school reopening. (A,D) Effects of school reopening (z-test)
on (A) the overall physical health score and (D) the rate of outside activities. (B,C) Linear regression analyses
for the correlations of the overall physical health with dietary habits scores (positive), or with PHQ-9/mental
health cumulative score (negative). (E) Percentage of students reporting the highest outside activity rate.
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The analyses of various aspects of COVID-related attitudes and behavior, as well as data on
vaccination, are presented in Figures 6-8. Overall, student attitudes towards COVID-related governmental
measures (questions Q14-16 in Appendix 1), including their support for school closure (in Survey 1) and
reopening (in Survey 2), became more positive with time (Figure 6A). On the other hand, COVID-related
behavior (Q12; social distancing, masking, etc.) became somewhat more “relaxed,” as shown by decreased
mean score (Figure 6B), likely in response to school reopening and increased vaccination rate (Figure 1E,F) at
the time of Survey 2. Note, however, that this was before the more infectious Delta variant of the virus became
prevalent. The correlation between COVID-related attitudes and behavior (Figure 6C; linear regression analysis
of Survey 1 data) was rather modest; in Survey 2 that correlation was even weaker (not illustrated). Panels D—
F in Figure 6D present examples of statistics for specific COVID-related questions, such as the opinions on the
effectiveness of government’s strategies and restrictions at reducing the pandemic spread (Q14 in Appendix 1).
Compared to Survey 1, the percentage of those who answered “not effective” decreased almost by half in Survey
2, while that of the most favorable “very effective” answer increased by 70%, indicating a pronounced shift
towards a more positive attitude. Interestingly, whereas 10.9% of all Survey 1 respondents were against school
closure (Q15 in Appendix 1), only 3.1% of students were against school reopening (Q16) at the time of Survey
2 (Figure 6E; the “not at all supportive” data). Correspondingly, the percentage of students who were somewhat
or very supportive of school closure (55.1%) was less than of those (64.1%) with similarly positive attitudes
towards school reopening (Figure 6E). Perhaps the most clear expression of students’ attitudes towards school
closure and reopening is their answers to Q20 about the effect on the quality of learning (Figure 6F). The
percentage of students in Survey 2 who thought that their education quality significantly worsened with school
reopening (8.8%) was 2.4-fold smaller than of those who expressed the same opinion about school closure
(21.3%) in Survey 1 (Figure 6F). Conversely, the percentage of students in Survey 2 who thought that their
education quality significantly improved with school reopening (20.0%) was 2.7-fold greater than of those who
considered that school closure had a beneficial effect (7.4%) in Survey 1 (Figure 6F).
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Figure 6. COVID-related attitudes and behavior. (A,B) Changes in student (A) attitudes towards the
effectiveness of government’s strategies at reducing pandemic spread and (B) COVID-related behavior (#-test).
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(C) Correlation between COVID-related attitudes and behavior (linear regression of Survey 1 cumulative
scores). (D-F) Trends in student responses to specific questions regarding (D) attitudes towards governmental
COVID-related policies, (E) support for school closure or reopening, and (F) effects of school closure and
reopening on the quality of learning.

Survey 2 included questions about gender, race/ethnicity, and political affiliation (i.e., identifying as
Democrat, Republican, independent, etc.). Figure 7 presents the analyses of students’ responses to COVID-
related questions testing the potential impact of their political affiliation. This was interesting and relevant in
view of the widespread skepticism, even misinformation, among US citizens identifying themselves as Repub-
licans with regard to COVID protective measures (such as masking, avoiding large gatherings, etc.) and vac-
cination. Students identifying as Republicans did, indeed, adhere less to the recommended COVID-protective
measures (Figure 7A), such as social distancing or masking (Q12 in Appendix 1). However, to the credit of the
Sierra Canyon student population, there was no statistically significant difference (z#-test results) between self-
identified Democrats and Republicans with regard to planned or actual vaccination (Figure 7B) or in COVID-
related attitudes (not illustrated). The responses to COVID-related attitudes questions (Q14-16 in Appendix 1)
did not show significant difference even when tested as Democrats versus Republicans plus Independents (not
illustrated). On the other hand, students identifying as Republicans were more likely than Democrats (Figure
7C) to participate unmasked in public activities, such as indoor dining or attending sports games, after being
vaccinated (Q17 in Appendix 1).

A COVID-related behavior
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Figure 7. COVID-related attitudes and behavior: impact of political affiliation. Analyses of Survey 2 data (#-
test) on the differences between responses of students self-identified as Democrats or Republicans with regard
to (A) COVID-related behavior, (B) attitudes towards vaccination and the respondents’ vaccination status, and
(C) the likelihood of participating in public activities without masks if vaccinated.
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Figure 8. Gender effects on students’ health habits and COVID-related behavior. Male versus Female differ-
ences (#-test) in Survey 2 responses regarding the overall physical health (A), physical exercise (B) and dietary
(C) habits, mental health (D; PHQ-9 cumulative score), and COVID-related behavior (E).

The survey also revealed gender effects, sometimes quite large and surprising, on various aspects of
students’ health, attitudes, and behavior (Figure 8). Males scored statistically significantly better than females
with regard to overall physical health (Figure 8 A) and, specifically, exercising (Figure 8B) — possibly, because
of a higher prevalence of male athletes or a difference in season schedules. Perhaps more surprisingly, the mean
dietary habits cumulative score was also greater (i.e., more positive) for males than females (Figure 8C). But
the most pronounced gender effect was manifested in mental health parameters, resulting in strikingly worse
PHQ-9 cumulative score for females than males (Figure 8D). In fact, the mean value of this score for the female
student population (10.01; Figure 8D) is classified as moderate depression (Stanford Medicine). At the same
time, the survey did not show a significant difference (z-test) between male and female student population with
regard to COVID-related behavior (Figure 8E) or attitudes (not illustrated). In fact, the trend in COVID-related
behavior was more favorable for female students, almost reaching statistical significance (Figure 8E).

Conclusion

The two surveys we administered addressed three main categories of issues: physical health (including personal
hygiene and dietary habits), mental health, and COVID-related attitudes and behavior. The mental health sec-
tion, in particular, included PHQ-9 questionnaire that is commonly used to evaluate depression (Spitzer, 1999)
and questions on satisfaction with social interactions (e.g., with friends). The COVID-related questions assessed
participants’ adherence to safety measures, such as masking and social distancing, and their attitudes and be-
havior regarding vaccination. Comparing the responses in Survey 1 versus Survey 2 allowed us to assess the
effects of school reopening; while analyzing the responses to demographic questions (in Survey 2) revealed
interesting, sometimes surprising, effects of gender or political affiliation on student habits, attitudes, and be-
havior.

ISSN: 2167-1907 www.JSR.org 9



HIGH SCHOOL EDITION

@ Journal of Student Rescarch

Volume 10 Issue 4 (2021)

Our study provides a detailed “snapshot” of adolescents’ health habits, attitudes and behavior during
the COVID-19 pandemic, based on the data from student population of one particular Southern California
School. Overall, judged from the parameters we analyzed, there was little change in students’ physical health,
particularly hygiene and dietary habits, between the “school closed” and “school open” conditions (except for
the expected increase in outdoor activities). In contrast, school reopening had a pronounced positive effect on
the parameters of mental health. That this improvement was, indeed, due to school reopening is supported by
the data that the difficulty of performing daily functions decreased only in the “regular in-person contacts”
subgroup (that is, for students who returned to school) but not for students who remained at home (the “no in-
person contacts” subgroup). The quality of social interaction is another parameter which improved with school
reopening; the importance of this parameter is illustrated by its negative correlation with the PHQ-9 cumulative
score indicating depression. Perhaps not surprisingly, the majority of respondents thought that their quality of
learning improved with school reopening while it worsened with school closure.

The surveys also showed that after school reopening, students had more favorable attitudes towards
governmental COVID policies, including school policies, with the majority of respondents being supportive of
California’s school reopening guidelines. There was no overall significant difference in COVID-related atti-
tudes between the students identifying as Democrats or Republicans, although we found statistical difference
with regard to certain aspects of COVID-related behavior (such as participating in public activities unmasked
after being vaccinated). Importantly, however, the majority (68%) of eligible students, irrespective of their
political affiliation, intended to get vaccinated or already had been by May 2021.

Interestingly, female students appeared to adhere more than their male schoolmates to safer COVID-
related behavior (although the difference was not statistically significant). What was surprising is that the survey
showed a pronounced gender effect on physical and mental health parameters, with female students faring
worse, especially on the PHQ-9.

In conclusion, the main result of our study is that the return to in-school learning had a pronounced
positive impact on various aspects of adolescent health and behavior during the COVID-19 pandemic.

Limitations

Our study was done in one particular school, which obviously limits its general relevance but also presents
certain advantages of the student population being diverse while relatively homogeneous in terms of socioeco-
nomic status (middle-high income level) and dedication to academic and athletic excellence. As specified in
the Introduction, a major incentive for responding to the surveys was that they were administered through sci-
ence classes (based on graduation requirements, all Sierra Canyon middle and high school students are expected
to take at least 3-year science courses) and assigned as extra credit. However, one cannot exclude voluntary
response and under-coverage bias, especially regarding personal hygiene or mental health questions. A limita-
tion of the study is that Survey 1 was administered in the middle of the pandemic, not at the beginning, which
would have allowed for a longer interval between the surveys and larger time period for the potential effects of
school closure. Another limitation is that, for technical reasons, Survey 2 had to be administered relatively soon
(about six weeks) after school reopening. To help making the responses more precise, questions were designed
to span shorter, defined periods of time, mostly referring to respondents’ experiences during the past one to four
weeks. Unfortunately, Survey 1 did not include questions about gender, race/ethnicity and political affiliation,
which would have allowed the analyses of how, for example, school reopening affected male versus female
habits, attitudes, and behavior. More importantly, if the participants’ responses were linked between Survey 1
and 2 (while remaining anonymous), this would have provided the opportunity for individual, not aggregate,
“longitudinal” analyses of students’ health habits, attitudes, and behavior.
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