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Abstract.

BACKGROUND: The COVID-19 pandemic caused a rapid adaptation of online education, requiring university students to
complete their schoolwork remotely. There is a gap in the evidence-based literature regarding these novel home workstations
and the potential to help students understand ergonomics and adjust their workstations.

OBJECTIVES: We aimed to determine if a remote ergonomics intervention would encourage students to make improvements
to their workstation and increase their knowledge of ergonomics.

METHODS: Participants completed an ergonomics quiz, workstation evaluation, activity time log, and photographs of
their workstation. There were three randomly assigned groups, the control group of 26 participants and the first and second
intervention groups with 25 participants each. The first and second intervention groups received information sheets regarding
proper workstations. The second intervention group was also required to participate in an ergonomics workshop. Six weeks
after receiving the interventions, the control group and two intervention groups completed the materials once again. Eight
participants from the control group, 12 from the information intervention group, and 14 from the participatory intervention
group completed the study.

RESULTS: One-way ANOVA tests between the three groups suggest there was no significant difference in ergonomic
knowledge or changes made to workstations. However, the remote participatory ergonomics group increased their level of
knowledge about ergonomics.

CONCLUSIONS: An ergonomics intervention did not impact one group to change their workstation more than others in six
weeks. Future studies on this topic should be conducted over a longer amount of time and with more participants to allow
for more opportunities for behavior and workstation changes.
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1. Introduction

In mid-March, 2020, the COVID-19 pandemic
began shutting down schools in the United States.
University students were sent home and all course-
work was pivoted to online formats. An urban
university in the Northeast followed suit, closing all
facilities and requiring coursework to be completed
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online. Beginning in the fall of 2020, this urban uni-
versity adopted a Learn from Anywhere (LfA) model,
a hybrid approach giving students the autonomy to
select returning in person or continuing with virtual
or asynchronous instruction. However, students who
chose to engage remotely or asynchronously were not
provided with any education or information on how
to set up an ergonomically correct workstation.
Research suggests that there are common issues
among at-home computer workstations [1]. Davis
and colleagues conducted a study to analyze the
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home offices of faculty members at the University of
Cincinnati [1]. Their research found that many work-
stations were not set up appropriately [1]. This is the
first in a quickly growing and needed body of litera-
ture regarding the impact of the COVID-19 pandemic
on the setup of home workstations.

Setting up a home workstation must use ergonomic
principles to help prevent students from developing
computer-related musculoskeletal pain, discomfort
or injury [1]. A previous study conducted in 2002
evaluated the frequency of computer-related mus-
culoskeletal discomfort among university students
[2]. Hamilton and colleagues found that 80.6% of
the participants experienced pain and discomfort
related to computer use. The prevalence of computer-
related musculoskeletal pain and discomfort among
non-remote learners suggests remote learners may
also experience these issues, especially as computer
use increases during the COVID-19 pandemic. The
prevalence results from Hamilton and colleagues’
study were consistent with a study conducted by Katz
et al. in 2000 identifying upper extremity muscu-
loskeletal disorders among college students [3].

As students are conducting their work remotely,
research on their workstation setups had to be done
using telehealth technology. Research supports the
ability to evaluate a workstation remotely using tele-
health technology [4—6]. In these studies, researchers
have utilized workstation checklists and photographs
to evaluate workstations [1, 4, 5, 7]. Telehealth
includes remote synchronous technology to conduct
live assessments of an individual’s workstation. Pro-
fessional ergonomists/occupational therapists were
able to correctly identify all issues with participants’
workstations, but on occasion identified ergonomic
issues that were not present [4]. Evaluating a worksta-
tion using telehealth technology is considered reliable
and accurate [4, 5, 7].

This research aims to answer the question: will
remote learners who receive an ergonomic interven-
tion via telehealth technology make adjustments to
their workstations? We developed a study to analyze
the potential impact of an ergonomic intervention
on the setup of students’ home workstation. We
investigated whether education regarding ergonomics
helped to minimize computer related musculoskele-
tal discomfort, pain, or injury. We hypothesized
that educating students about ergonomics and offer-
ing recommendations will encourage them to make
changes to their workstation and take periodic breaks,
resulting in the prevention of discomfort, pain, or
injury.

2. Methods
2.1. Participants

Participants were all undergraduate or graduate
students at an urban university located in the North-
east. The study took place in the spring of 2021.
Participants submitted the initial set of materials
during the first week of February and the post-
intervention set of materials in mid-March. The
participants were recruited using a digital flyer that
was distributed by organizations and clubs, posted
on residence hall bulletin boards, and advertised on
social media. To participate, students were required
to be current undergraduate or graduate students at
this specific university, completing at least 80% of
their work remotely, and using technology such as
Zoom. Seventy-seven students enrolled in the study,
were assigned ID numbers, and randomly split into
three groups: the control group, the first intervention
group, and the second intervention group. All par-
ticipants were asked to submit photographs of their
workstation as well as complete a quiz, an evalua-
tion, and an activity time log. Forty-six of the original
77 participants returned the initial materials and 35
participants returned all of the necessary materials.
Participants were not offered any incentive to partic-
ipate. Table 1 illustrates the demographic make up of
each group.

2.2. Measures

An ergonomics quiz was used to understand
participants’ knowledge of ergonomics and proper
workstation setups. This quiz contained 10 questions
and asked about various aspects of a workstation
(see Table 3). Participants completed the quiz prior
to receiving the intervention in order to establish a
baseline assessment of their ergonomics knowledge.
All questions included on the quiz were developed
using the information sheets that were later provided
to intervention groups. This was the first instance of
using this specific quiz, though quizzes have been
used in previous studies to establish pre-knowledge
of ergonomics and the change in participants’ knowl-
edge of ergonomics after an intervention [3, 8].

The Workstation Evaluation Questionnaire used
in this study is a simplified version of the Army-
Work Area Evaluation Checklist adapted by Karen
Jacobs from “Creating the Ideal Computer Worksta-
tion: A Step-by-Step Guide” [9]. The version used in
this study included 65 questions about characteristics
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Table 1
Demographic information
Characteristics Control Information Participatory
(n=8) intervention intervention
(n=12) (n=14)
Gender
Female 5 12 12
Male 3 0 2
Age 21.63 20.66 21.07
(£1.19) (£0.98) (£1.21)
Primary location
Family home 2 0 0
Off-campus apartment 4 5 9
On-campus apartment 1 2 3
Dorm 1 5 3
Year in school
Undergraduate first or 1 1 1
second year
Undergraduate third 1 5 3
year
Undergraduate fourth 4 6 10
year
Graduate student 2 0 1
Type of notes
Typed 3 2 3
Handwritten 2 6 4
Both 2 4 6
Neither 1 0 0
Hours spent on computer
per day
4-6 hours 3 4 3
6-8 hours 4 4 6
8-10 hours 0 1 2
10+ hours 1 1 1

of an individual’s home workstation. The subgroups
included work area, desk evaluation, chair evaluation,
footrest evaluation, monitor evaluation, keyboard
evaluation, lighting and glare, demographic char-
acteristics, and mouse, trackball, and other input
devices. Participants completed the questionnaire
both before and after the intervention was given.

Participants completed an activity time log over
the course of a week before the intervention and
six weeks after the intervention. Participants outlined
the activities they engaged in hourly. In this activity
time log, participants indicated where they completed
their work and their level of discomfort or pain. The
majority of participants completed the activity time
log digitally, with some participants manually filling
it out and digitally submitting it. The time log was
open ended with space to indicate activities, pain, and
location of conducting work for each hour over the
course of a week. Participants were asked to report
pain location and duration. Severity of musculoskele-
tal pain and discomfort was not measured in this
study.

2.3. Intervention

2.3.1. Group 1 — Information intervention group

After providing all of the necessary materials, the
first intervention group was sent two information
sheets regarding ergonomics. The two information
sheets were the Ergonomic Mousepad [10] and the
Home Office Ergonomic Tips [11] published by the
American Occupational Therapy Association. Partic-
ipants were encouraged to review the information on
the sheets at their convenience. No measures were
used to track review of the documents.

2.3.2. Group 2 — Participatory intervention
group

The second intervention group received the same
information sheets the first group received and
also engaged in a participatory ergonomics work-
shop. Between two and five participants attended
each participatory workshop. The workshops lasted
approximately 30-minutes and included a short
lecture, practice questions, and problem solving exer-
cises. The researcher explained the elements of an
ergonomically correct workstation before asking the
participants to identify common issues and possi-
ble solutions. The intention was to give participants
the skills to troubleshoot their own workstations and
come up with potential solutions.

2.4. Procedure

Researchers obtained Institutional Review Board
(IRB) approval for the study. The principle inves-
tigator (PI) randomly assigned each participant a
code number. The PI created three randomly assigned
groups: the control group with 26 participants, the
first intervention group with 25 participants, and the
second intervention group with 25 participants. The
researcher then distributed the material and asked par-
ticipants only to refer to themselves as their code
numbers as to maintain anonymity. Approximately
one week later, the researcher hosted five ergonomic
workshops for the second intervention group. Partici-
pants were asked to attend one of the five workshops.
Attendance was taken at these workshops and a total
of 15 participants attended the participatory work-
shops. Ten members of each intervention group did
not complete their initial materials and were there-
fore deemed ineligible to receive the intervention.
The researcher distributed the information sheets to
the remaining 15 members of the first intervention
group and the 15 members of the second intervention
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group. Approximately six weeks after offering the
intervention, the same evaluation materials were dis-
tributed to the participants in order to understand any
changes participants made to their workstation and
rest schedule and any changes in computer related
musculoskeletal discomfort or pain.

3. Data analysis

Data analysis was conducted using Microsoft
Excel. The ergonomic quiz was scored on a scale
of 10 points to gauge ergonomic knowledge. Par-
ticipants’ workstations were given a score out of 58
based on how ergonomically correct their workstation
was according to the workstation evaluation. Two-
tailed paired #-tests were used to examine differences
between pre- and post-intervention scores on the
ergonomics quiz and workstation evaluation within
each group. One-way analysis of variance (ANOVA)
tests were run to determine any baseline differences in
quiz scores and workstation setups between the three
groups. Post-intervention ergonomics quiz scores,
changes in ergonomic scores, and changes in work-
station setup were compared using one-way ANOVA
tests, no post-hoc analyses were required. The pho-
tographs participants submitted were analyzed using
the workstation evaluation as a checklist to determine
if the changes made to workstations were improve-
ments or not productive changes. The researchers
manually counted pain duration recorded on activity
time logs.

4. Results

The results show that at baseline there was no
difference in scores on the evaluation (p=0.35) or
ergonomics quiz (p=0.43). Analysis of the post-
intervention scores on the evaluation and quiz
resulted in no significant difference between groups
on both the evaluation (p=0.39) and the quiz (p=
0.10).

The mean score on the ergonomic quiz before the
intervention for all three groups ranged from 3.5
to 4.36 out of 10, with the control group scoring
the lowest and the second intervention group scor-
ing the highest (see Table 4). The control group and
first intervention group scores did not significantly
change (t (6)=0.08, t(10)=0.10, p <0.05). The sec-
ond intervention group that received a participatory
intervention significantly improved their scores from
pre-intervention to post-intervention (t(12)=0.01,
p<0.05).

Table 2
ANOVA results
P-value

Ergonomics quiz

Pre-intervention 0.42903

Post-intervention 0.09564

Difference 0.78850
Evaluation

Pre-intervention 0.34835

Post-intervention 0.38999

Improvements 0.72044
Pain

Pre-intervention 0.42139

Post-intervention 0.47744

Mean baseline scores on the workstation evalua-
tion ranged from 28.08 to 32.63 out of 58 possible
points. The control group, first intervention group,
and second intervention group all made changes to
their workstations (M =9.38, M=11, M=10). None
of the three groups statistically significantly changed
their workstations (see Table 4). The average number
of positive changes that improved participants’ work-
stations was 1.25, 1.917, and 0.357 for the control,
first intervention, and second intervention groups,
respectively. The largest issues were that most par-
ticipants lacked a footrest and an external mouse.
The most common changes participants made were
to their chairs.

One-way between groups ANOVA tests were
conducted to determine if participation in an inter-
vention group significantly impacted the number of
improvements made to a workstation and ergonomic
knowledge levels. There was no significant differ-
ence in changes made to individuals’ workstations
between the control, first intervention, and second
intervention groups (p =0.72). Results concluded that
there was not a significant difference in ergonomic
knowledge levels between groups (p =0.79). Table 2
contains the complete ANOVA results.

Pain duration of varying levels of pain did not
significantly change from pre-intervention to post-
intervention (see Table 2). A one-way between groups
ANOVA did not indicate a statistically significant
change in pain levels between the participants in
the three groups who reported discomfort or pain
(p=0.22).

5. Discussion

The results of our study suggest that receiving
an ergonomic intervention does not impact students’
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Table 3
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Ergonomics quiz questions

Category Number of Sample question Sample answer
questions
Monitor 4 “Your computer screen should be ...~ “Perpendicular to the window”
Chair 2 “In your chair, you should . ..” “Sit so that your back is against the back of the chair
and slightly reclining”
Breaks 1 “When should you take a break from your computer” “Every 20 minutes”
External devices 1 “Which external input devices are people “Both an external mouse AND keyboard”
encouraged to use?”
Arm position 2 “Wrists should be ...~ “Kept straight and hovering above keyboard”

Table 4
Statistical results (mean and standard deviation)
Pre-intervention Post-intervention Change T-tests
score score (t-value)

Ergonomics quiz

Control group (n=28) 3.5(1.69) 4.88 (0.99) 1.38 (1.92) 0.083

Information intervention (n=12) 3.83 (1.59) 5(1.81) 1.17 2.21) 0.095

Participatory intervention (n=14) 4.36 (1.39) 6.07 (1.27) 1.71 (1.94) 0.005
Evaluation

Control (n=28) 32.63 (7.33) 33.88 (4.29) 9.38 0.401

Information intervention (n=12) 28.08 (6.501) 30.17 (6.49) 11 0.101

Participatory intervention (n=14) 29.86 (6.60) 30.21 (7.50) 10 0.823
Pain (hours)

Control group (n=38) 5.25 7 2.8 0.735

Information intervention (n=12) 15.33 15.3 -2.33 0.336

Participatory intervention (n=14) 7 6.71 -0.63 0.557

ergonomic knowledge or changes made to their work-
stations more than students who do not engage
in an intervention. Neither the use of information
sheets nor participation in a participatory work-
shop impacted students enough to make significant
improvements to their workstations. The findings of
the analysis of the ergonomics quiz supported the
impact of a participatory intervention on knowledge
regarding ergonomics. All but one participant in the
participatory intervention group improved or main-
tained their score on the ergonomic quiz. Despite the
significant improvement in scores, the participatory
intervention group’s scores were not notably better
than the mean scores of the other two groups. Scores
on the ergonomics quiz at the pre-intervention stage
averaged around 3.9 out of 10 points and 5.3 out of 10
points at the post-intervention stage. The low initial
scores indicate a potential lack of knowledge about
ergonomics and the proper workstation setup. These
low scores are consistent with Nahar and Sayed’s
study where they found that 74% of the student par-
ticipants were unaware of proper ergonomic practices
[6]. College students’ inexperience with ergonomics
is concerning considering the substantial levels of
computer related musculoskeletal pain and discom-
fort that has been previously recorded [2, 6, 12].

Participants in the information intervention group
received the information sheets through email and
were told to review them at their convenience. This
request did not include a time frame or details on
how often to review the information, as we intended
to leave that decision to the individual participants.
There were no measures used to evaluate how often
or if participants reviewed these materials. Therefore
we are unaware if the participants actively engaged
with the written materials or not, which may account
for the lack of statistically significant changes in
ergonomic knowledge and workstation setup.

The workstation evaluation included 58 questions
specific to an individual’s workstation. We com-
pleted the evaluation with answers that represented
an ergonomically correct workstation. Each partici-
pant’s workstation was given a score out of 58 based
on how many of their answers matched those of the
model workstation. This process was repeated with
the post-intervention evaluations. When comparing
individuals’ pre- and post-intervention evaluations, it
appeared as though most participants made numerous
changes to their workstations, with the means for each
group falling between 9 and 11 changes. However,
on average, the improvements made were signifi-
cantly less. Improvements were defined as changes
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Fig. la. Participant at initial workstation. Example of a partici-
pant completely changing their workstation location from a family
home to an apartment, resulting in many changes including a lum-
bar supportive chair, armrests, and laptop height, while making
potentially unproductive changes such as facing a window.

made that increased the participant’s score, mean-
ing the change made their workstation more similar
to the ergonomically correct one. The photographs
were used to visually compare the participants’
workstation setup at the pre-intervention and post-
intervention stages and to identify improvements
and not productive changes. The mean improve-
ments for the three groups fell between 0.3 and 2
changes made. This indicates that participants filled
out the evaluation differently the two times they com-
pleted it for reasons other than actively attempting
to improve their workstation. The reasoning behind
these changes could be that participants did not use
a tape measure when answering questions and esti-
mated the measurements differently before and after
the intervention. Some participants may have entirely
changed the location of their workstation, as dis-
played in Fig. 1a and Fig. 1b. One participant added
another workstation in order to rotate in the use of
a standing desk, as shown in Fig. 2. Additionally,
participants made changes that were not beneficial,
such as the participant in Fig. 3a switching to a chair
without lumbar support in Fig. 3b. Twenty-two partic-
ipants completed the evaluation faster after receiving
the intervention. The speed with which participants
completed the evaluation could be a potential reason

Fig. 1b. Participant at final workstation. Example of a partici-
pant completely changing their workstation location from a family
home to an apartment, resulting in many changes including a lum-
bar supportive chair, armrests, and laptop height, while making
potentially unproductive changes such as facing a window.

for the difference in number of changes and improve-
ments.

Six questions of the workstation evaluation
addressed the use of a footrest. A footrest is a helpful
component of a workstation as it impacts the angle
of the knee [6]. The first question asked “If your feet
do not rest completely on the floor when the chair
is properly adjusted, is a footrest used?”” The answer
choices included “Yes”, “No”, and “I do not have a
foot rest”. Only two participants responded that they
used a footrest. Thirty-one of the thirty-five respon-
dents stated they did not have a footrest. It is unclear
if these participants do not use a footrest because
their feet comfortably reach the ground or because
they do not own one when one should be used. Addi-
tional options such as “My feet comfortably rest on
the floor” should have been included in this question.

The second set of materials was requested during
a particularly stressful time for students. The univer-
sity where this study was conducted cancelled the
week-long spring break that is usually scheduled and
replaced it with multiple, sporadic “wellness days”. A
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Fig. 2. A participant used home objects to create a standing desk
in her rotation of workstations.

Fig. 3a. Chair with lumbar support. An example of a participant
who made an improvement by raising her laptop and an ineffective
change by selecting a different chair without lumbar support.

Fig.3b. Chair withoutlumbar support. An example of a participant
who made an improvement by raising her laptop and an ineffective
change by selecting a different chair without lumbar support.

previous study conducted during the COVID-19 pan-
demic indicates that students’ mental health issues,
specifically levels of depression and anxiety, signif-
icantly increased during remote learning [13]. This
study concluded that the levels of depression and anx-
iety students experienced returned to baseline during
their break [13]. These findings suggest that the lack
of a continuous break from school could put increased
stress on the students where this study was conducted
as they were not provided the much needed break
from schoolwork to recover their mental health. Par-
ticipants in this study were asked to submit materials
in mid-late March, soon after the time when spring
break would have normally occurred. This element
of increased stress potentially contributed to the high
attrition rate and increased speed in which partici-
pants filled out the evaluation.

Levels of discomfort and pain were reported using
an activity time log. On the time log, participants were
asked to record when and where they experienced
pain, including what physical environment they were
in at the time. Fifteen participants did not record any
discomfort or pain. This could be because they did not
experience pain or because they did not understand
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the instructions. The other 20 participants indicated
an average of 7.8 hours of pain. Common areas of pain
included the lower back, upper back, neck, shoul-
ders, and hip regions. These common areas of pain
are consistent with previous research on the topic.
Nahar and Sayed found neck pain and lower back
pain to be the most common areas of musculoskeletal
dysfunction [6]. Participants were not asked to iden-
tify the magnitude of their pain and therefore only
reported the location and duration. Of the partici-
pants who reported pain, the information intervention
group had the highest mean post-intervention. Both
intervention groups reported less pain on average
than before receiving the intervention group. Previous
studies found that the prevalence of musculoskeletal
discomfort among university students was significant
[2, 6, 12]. Katz et al. determined there was a statis-
tically significant relationship between hours spent
on a computer and musculoskeletal disorders [12].
Hamilton and colleagues attempted to replicate these
findings, but concluded there was not a causal rela-
tionship between the two variables [2].

5.1. Limitations

A significant limitation of the study was the partic-
ipation, including attrition and group size. Recruiting
participants was a major challenge of the study
because of the COVID-19 pandemic. Information
was distributed through residence halls, clubs, and
social media posts, which may not have garnered
attention or interest in the same way in-person recruit-
ment could have. There were high attrition rates at
the beginning of the study with approximately 10
participants from each group not returning materi-
als or dropping out of the study. An additional 10
participants left the study during the six-week period
between the intervention and final data collection.
There are many potential reasons for the high attri-
tion rate. Students may have had a lack of interest in
the topic or a lack of time to participate. The univer-
sity where this study was conducted cancelled their
spring recess, which may have led students to believe
they did not have time to participate in this study
among mounting pressure of schoolwork. There were
low numbers of participants to begin with, which
was exacerbated by the high attrition rate. The study
offered no incentive for participation.

The six-week period in between the interven-
tion and post-intervention evaluation may not have
been enough time for participants to make adequate
changes to their home workstations. Potential barriers

for workstation changes include financial situations,
time constraints, spatial restrictions, and motivation
levels. COVID-19 vaccine rollout became more effi-
cient during this six-week period and the university
announced a return to in-person instruction for the
Fall 2021 semester. This announcement may have
been a deciding factor for students to not make
changes, as they are now aware their home work-
station will not be the location of their future classes.

Providing participants with information sheets as
an intervention cannot justifiably be considered an
intervention since engagement with the materials was
not tracked. Therefore, using data from this interven-
tion may lead to inaccurate conclusions. Limiting the
study to one type of intervention that may not have
been effective hindered the study significantly.

5.2. Future research

Future research should be conducted with a longer
longitudinal approach. A longer timeline and a
larger number of participants could significantly
impact the results. Furthermore, using different
or more objective evaluation measures, such as
additional photographs or an occupational thera-
pist or professional ergonomist evaluating individual
workstations, may give future researchers a bet-
ter understanding of at home workstation setups.
A similar study with a more effective intervention,
such as ergonomic assessment with recommenda-
tions specific to an individual’s workstation, is needed
to properly assess the efficacy of ergonomic inter-
ventions for remote college students. Our findings
indicate that the utilization of a measure dedicated to
musculoskeletal pain and discomfort in future stud-
ies will provide an easier interpretation of changes in
participants’ discomfort or pain levels.

6. Conclusion

As work-from-home becomes a universal experi-
ence and the “new normal,” it is of utmost importance
to educate students on ergonomics to help pre-
vent musculoskeletal pain and discomfort. Research
in this area is forthcoming as the scientific com-
munity continues to address relevant and critical
topics. Students learned a significant amount about
ergonomics through the participatory ergonomics
workshop offered in this study. The six-week period
of time between the intervention and follow up data
collection was not long enough for impactful changes
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to be made. Visually assessing workstations demon-
strates that changes were made with the use of
homemade items. These results show promise for
a more in depth intervention to have a meaningful
impact on university students’ home workstations.
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