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Abstract. A limited number of studies have focused on computer-use-related MSDs in college students, though risk factor
exposure may be similar to that of workers who use computers. This study examined computer use patterns of college students,
and made comparisons to a group of previously studied computer-using professionals. 234 students completed a web-based
questionnaire concerning computer use habits and physical discomfort respondents specifically associated with computer use.
As a group, students reported their computer use to be at least ’Somewhat likely” 18 out of 24 h/day, compared to 12 h for
the professionals. Students reported more uninterrupted work behaviours than the professionals. Younger graduate students
reported 33.7 average weekly computing hours, similar to hours reported by younger professionals. Students generally reported
more frequent upper extremity discomfort than the professionals. Frequent assumption of awkward postures was associated
with frequent discomfort. The findings signal a need for intervention, including, training and education, prior to entry into the
workforce. Students are future workers, and so it is important to determine whether their increasing exposure to computers, prior
to entering the workforce, may make it so they enter already injured or do not enter their chosen profession due to upper extremity
MSDs.
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ubiquitous. They are utilized in many types of work
settings, as well as in public facilities, such as libraries,
and in retail stores for customer use. Use in schools
and homes is also growing, which means that computer
use is no longer just an activity of adult workers. Com-
puter use may actually be more prevalent among some
groups of non-workers, namely students, than among
some adults who use computers for work. To illustrate
this point, a study at the University of Massachusetts
revealed that the proportion of students with no expe-
rience with computers fell to almost zero over a five yr
period in the early 1990s [29].

1. Introduction
1.1. Background

Worldwide personal computer (PC) use has grown
from 6.5 users per 1,000 people in 1985 to 663 per 1,000
in 2002 [9]. PCs per capita in the U.S. reached 80%
in 2006 and are expected to reach 98% by 2012 [10].
No longer just used in office settings, computers are
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As computers expand our horizons, research and re-
ports show some negative effects associated with com-
puter use, in the form of musculoskeletal discomfort
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and disorders (MSDs). Muscle pain and tendonitis tend
to be the most common diagnoses reported in epidemi-
ological studies of VDT users [13,14]. Carpal tunnel
syndrome is also known to be present in populations
of VDT users [47]. Carpal tunnel syndrome is an im-
portant health outcome due to the significant number
of lost work days with which it is associated (medi-
an lost work days were 27 in the US in 2006; BLS,
2006, Table R67). It is interesting to note that 2.2% of
carpal tunnel syndrome cases and 6.3% of tendonitis
cases reported in 2006 involved workers younger than
25 years old (BLS, 2006, Table R50). Risk factors
that are singularly identified to contribute to MSDs are
repetition, duration, force, and posture, and there is
strong evidence that jobs that impose combinations of
these factors increase a worker’s risk for developing
MSDs [5].

Numerous studies of adult workers have found as-
sociations between computer use and musculoskeletal
discomfort [6,18,21,25,28,30,41,45,46]. Repeatedly,
temporal and postural factors have been associated with
musculoskeletal symptoms and/or disorders in work-
ers who use computers. In a prospective study, Mar-
cus et al. [32] showed that increasing the number of
hours per week spent keying and having the keyboard
above elbow height increased the reporting of muscu-
loskeletal symptoms (MSS) and MSDs as determined
by physical exam. In a cross-sectional study, Bergqvist
etal. [3] showed that limited rest break opportunity and
frequent overtime, along with a poor match between el-
bow height and keyboard height, non-neutral postures,
non-use of arm support, and limited task flexibility re-
sulting in postural fixity, were related to discomfort and
MSD diagnosis through a physical examination.

Working under hard deadlines has also been iden-
tified as a potential risk factor for MSD development.
In a cross-sectional study of newspaper employees, up-
per extremity disorders and work-related factors were
evaluated through a survey of 973 participants [4].
The number of hours spent under a deadline and re-
ported hours of typing related significantly to muscu-
loskeletal risks. Fifty-three percent of the employees
reported spending 10 hours or more under a deadline,
and this factor was a significant predictor of neck and
hand/wrist MSD. The researchers implied that the in-
creased risk could be associated with the deadline, cre-
ating increased psychological stress, increased muscu-
loskeletal tension, a more constrained posture, or fewer
breaks being taken by the employees. Another major
contributor was the number of hours reported typing. A
dose-response relationship was identified. A two-fold

increase in risk was determined for those who typed 6-
8 hr/day, in comparison to those who typed 0-2 hr/day.
An odds ratio of 3.3 was determined for those who
typed more than 8 hr/day. This study also included a
random sampling of the respondents to observe their
actual typing hours. From the larger group, 76 workers
were chosen. For those with hand/wrist symptoms, re-
ported typing hours were 4.5 (sd 2.6), while actual ob-
served typing hours were 2.5 (sd 1.4). In the non-case
referent group, reported typing hours were 3.9 (sd 2.1),
but actual observed typing hours were 1.9 (sd 0.9) [4].
Although the workers tended to over-report their com-
puting hours, the variation remained consistent between
the two groups.

Some interventions in the office worker population
have been shown to be effective in reducing VDT user
discomfort[1,38,47]. In one intervention study of adult
VDT workers, introduction of a preset tilt down key-
board tray showed significant improvements in wrist
posture, seated posture, and a reduction in upper body
musculoskeletal discomfort, when compared with a
control group that kept their current workstation set-
up [16]. In another study, incorporating rest breaks of
5 min every hour, in addition to the conventional two-
fifteen minute breaks, was shown to reduce discom-
fort [12].

The number of studies investigating children and
their computer use is growing. Harris and Straker [15]
found that 60% of a sample of 271 students, aged 10-17
years, reported discomfort with using their laptop com-
puters. An association of discomfort was found with
school grade levels, as well as time using the laptop.
The average daily usage of these children’s laptops was
3.2 hours, with a weekly average usage of 16.9 hours.
In one sitting, the mean minimum time before a break
was 11.5 minutes, but the maximum use time before a
break averaged 101.9 minutes. There was a statistically
significant association found between mean maximum
time on task and discomfort while using the computer.

In a survey of 382 high school students, 28% report-
ed hand discomfort after using the computer, 40% re-
ported neck/back pain, and 41% reported general body
pain [24]. Four percent had been self-diagnosed or
medically diagnosed with carpal tunnel syndrome, and
2.5% sought medical care for their pain. Jones and Orr
further concluded that since high school students are
establishing their lifestyle activities and patterns, the
increased computer use at a younger age may increase
the prevalence and trauma associated with computer
use as students become older.

Another study emphasized the importance of educat-
ing students about MSD and teaching students about
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healthy computing. ‘Students are at risks for RSIs
(repetitive strain injuries) because of student behavior,
laboratory arrangements, a lack of emphasis on pos-
ture in the curriculum, and the attitudes/perceptions of
faculty and administrators’ [39]. In their study of stu-
dents in grades 2-12, of those who experienced pain
while using a computer, 67% did not stop in spite of
the pain, and 73% did not tell a parent about their
pain. In their conclusion, Royster and Yearout urged
three objectives: [the] revision of the current curricu-
lum to include information concerning the potential
[danger] of repetitive stress injuries and additional em-
phasis on postures; additional guidelines concerning
computer workstation dimensions and laboratory set-
up; and increased funding designated specifically for
the purchase of ergonomic computer furniture. Cur-
rently, they suggested, computer literacy continues to
receive a greater emphasis than ergonomics.

In a study involving students in the 6" and 8"
grades, five different mouse and keyboard configura-
tions were offered, one including a keyboard and mouse
tray with adjustable features [31]. The adjustable fea-
tures configuration had a positive effect on posture, and
the students most frequently chose this option as a more
comfortable and easier set-up, demonstrating that in-
tervention benefits may extend beyond adult computer
users to child users, as well.

An understudied segment of the population that may
have an elevated risk for developing MSDs, in associ-
ation with computer use, is college students. The Na-
tional Center for Education Statistics reported the fall
enrollment in post-secondary institutions in 1999 to be
over 14 million, with enrollment expected to exceed 17
million by 2011 [36]. The use of computers by college
students is also expanding, with some institutions re-
quiring students to own a computer. Only a few studies
have investigated college students’ computer use, from
an ergonomics perspective.

A survey conducted by Alexander [2] aimed at as-
sessing the ergonomic knowledge of college students
in areas of general computer awareness, medical health
and safety, radiation, computer workstation and envi-
ronment, and computer workstation technique, found
correct response rates of 20% or less among the respon-
dents.

From San Francisco State University, a questionnaire
investigating the possible association of computer use
and discomfort received 95 student responses [37]. The
students reported an average daily computer usage of
2.9 hours, and nearly all students reported some level
of discomfort associated with computing. Eighty-one

percent of the students reported using techniques in or-
der to “feel better’, such as stretching, taking breaks,
and modifying their position or posture, but researchers
speculated that these tasks were done only as a relief to
discomfort and not as informed preventive measures.
Students also reported extreme time pressure on some
assignments, and the researchers felt that even if the
computing activity on these assignments was short that
stress could increase discomfort. However, no signif-
icant correlation between hours worked and reported
discomfort were found in this study. The researchers
concluded that healthy computing programs for the em-
ployees at the University should be integrated into the
student population as well [37].

A more structured study, with a 96% response rate,
found 53% of a class of graduating seniors experi-
enced symptoms in the upper extremity (UE) when us-
ing a computer. Symptoms of UEMSDs were asso-
ciated with being female, a computer science concen-
tration, and self-reported computing for more than 20
hours per week [26]. College students’ musculoskele-
tal discomfort is manifested in tangible ways, including
interference or difficulty with performing personal or
computer-related tasks. For example, 36% of a sample
of undergraduates reported difficulty with typing a 10
page assignment, due to UE discomfort [27].

Katz and colleagues also investigated how UE disor-
ders affected symptomatic graduate and undergraduate
students [11]. The students reported that computers
have an essential role in their academic, social, and per-
sonal lives. One of the participants described using a
computer as early as age 5. Having an UE disorder had
negative impacts on physical and emotional well being,
including altering career aspirations to paths with less
computer intensive obligations. Students’ expectations
and perceptions of medical care providers were overall
negative. Most students reported that they were told
to discontinue computer use, and students felt that this
suggestion was not realistic. Students also reported a
delay in seeking medical treatment, because they did
not feel their symptoms were serious enough, they were
unsure of quality of medical care, or they were ‘busy’
with other parts of their lives. Of the two groups, grad-
uate students in the study reported seeking medical care
later than undergraduates. The groups’ recommenda-
tions were for attention to early interventions instead of
directing efforts toward those who already experience
symptoms. The students believed information about
MSDs needed to reach all students, and special empha-
sis needed to be made to ensure they understand the
chronic nature of MSDs if left untreated. Suggestions
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were made for complete ergonomic evaluations of com-
puter workstations, along with providing checklists of
information in labs and examples of ergonomic adap-
tations of current workstations, along with ergonomic
equipment in labs, for students to try [11].

To determine the prevalence of symptoms related to
computer use in college students, Hupert et al. [19]
asked students if they had experienced upper extremity
pain while computing, within the last two weeks. Forty-
two percent reported pain or discomfort and 41% indi-
cated that this pain or discomfort had limited their abil-
ities to perform academic or extra-curricular activities.
Only 16% reported seeking medical attention; 23% re-
ported taking medication for the symptoms. This study
was replicated in another college student population in
2007. The results showed some increases in the per-
centage of college students reporting symptoms (54%)
and the percentage of students reporting that the dis-
comfort or pain limited their abilities to perform aca-
demic or extra-curricular activities (67%) [20]. Eighty-
six percent of a small sample of participating under-
graduates reported ever experiencing upper extremity
pain or discomfort while working on the computer or
after working on the computer [33].

Although it seems apparent to many that computer
users are at risk of developing MSDs, there remains
a low level of awareness of college students’ risks, as
compared with professional workers. This signals a
need for more research, among other actions. In those
studies involving college students, few included a di-
verse population of graduate and undergraduate stu-
dents. Usage patterns of college students have only
been quantified in general terms of weekly or average
daily computer usage. Computer use on specific days,
such as during the week versus the weekend, has not
been described in available research; the days that col-
lege students use computers could vary depending on
a variety of factors, such as academic concentration or
class standing. Patterns of use throughout the day have
not been described (use/break patterns). With only a
limited number of studies evaluating college students,
the research need is clear. College students are the
incoming work force. Compared to the current office
worker, today’s students started to use computers much
earlier in their lives, and will continue to surpass the
current typical office worker’s lifetime usage by the
time he/she is only midway through his/her career [31].

1.2. Specific aims of the current study

The specific aims of the current work were to 1)
develop, among different groups of college students,

profiles of computer use patterns and musculoskeletal
discomfort specifically associated with computer use,
2) compare student use patterns with similarly obtained
patterns from professionals that use computers, and 3)
identify associations between patterns of use and mus-
culoskeletal discomfort. Since musculoskeletal dis-
comfort and disorders are a concern for workers who
use computers, it is appropriate to determine whether or
not college students may be entering the workforce in a
healthy state or entering with existing musculoskeletal
problems that might be assumed to worsen or remain
at a chronic level if they continue to use computers in
their professional careers. Also, college students could
be developing poor computing habits and some type of
intervention incorporated into the university environ-
ment could be helpful to reduce the likelihood of poor
computing habits.

Based on the existing relevant literature, an inves-
tigational model of student computer use and mus-
culoskeletal discomfort was developed to guide the
design of the current study (see Fig. 1). The first
block partitions the sample of computer users into sim-
ple categories of ‘professionals’ and ‘students’, and
then subdivides the students by major and by gradu-
ate/undergraduate status. The second major block il-
lustrates an emphasis on developing more refined use
profiles by considering separately the weekday, week-
end, and overall weekly use, as well as a more refined
picture of the hour-to-hour use of computers. Finally,
this model also examines patterns of continuous com-
puter use (the amount of time sitting at a computer be-
fore taking a break), as previous research has shown
reduced discomfort with increased break frequency.

2. Methods

The surveys and protocols for this study and the study
of the professional workers (PW) were approved by the
appropriate human subjects protection review boards of
the authors” institutions. All participants were required
to provide informed consent prior to participating in
the studies.

2.1. Subjects

Students from North Carolina State University, The
Ohio State University, and The University of South
Florida, were recruited to participate in a survey. Con-
venience sampling was utilized: students were recruit-
ed from classes of faculty members known to the au-
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UE Reported Discomfort
(UEPain)

Personal Factors
Gender
Age

Fig. 1. Graphical representation of current study.

thors, and as they entered or exited from campus com-
puter labs. Students received no compensation for their
participation. Approximately 700 students were invit-
ed to participate in the study. Of those 700 students,
655 (93%) accepted or requested a card that gave them
the survey’s URL and a unique access code for the
web-based survey. 267 surveys were completed, for a
response rate of 38%. Due to duplication, neglect, or
errors in responses, 26 responses were excluded from
the analyses.

2.2. Survey instrument

The questionnaire used in the current study was
based on one used to study professional workers who
use computers for work [42]. A subset of questions
from that research was adopted for the current study.
The questions focused on computer use in relation to
location, duration, frequency, posture, and discomfort.
The single question on discomfort was worded as fol-
lows: When using the computer, or after using it, how
often do you experience any physical discomfort (such
as stiffness, soreness, aching, numbness, tingling, pain,
etc) in the areas listed below? A list of 13 body regions
followed, and participants selected one of five frequen-
cy responses (from Never to Almost always) for each
body region.

Some questions were tailored specifically to suit stu-
dents, such as one concerning locations of comput-
er use, which provided responses that included home,
campus home, computer lab, and library. Comput-
ing habits queried included computer use measured in

hours per day, software application usage, and typical
computing time frames during each day, selected from
atable of two-hour time divisions (8—-10 am, 10 — noon,
etc). Duration of computer use before taking a break
was determined by asking students how often they sit
continuously while using the computer for a specific
amount of time (more than X min, where X = 30, 60,
90, and 120). Response choices ranged from Never to
Almost always. Respondents were also asked to de-
scribe how often they found themselves assuming awk-
ward postures while using a computer. Demographic
information collected from the students included age,
gender, class standing, major, and a question on when
they began using computers. The instrument has a
7.8 grade level readability, as measured by the Flesch-
Kincaid readability scale. The survey instrument is
contained in Appendix C of the thesis by Noack [35].

2.2.1. Response processing and compacting

Categories of class major and class standing were
condensed. Responses were divided into either En-
gineering (Eng) or Humanities and Social Sciences
(HSS). Seven responses were dropped, because they
did not fit into these categories. Class standing was
condensed to undergraduate or graduate.

In estimating hours worked per day on a computer,
answers from those students who chose to provide a
range of hours, rather than a single value, were con-
verted to an average of the provided range, and a max-
imum and minimum, which equaled the ends of the
range. For weekly computing hours, averages for each
day (Mon-Sun) were summed to provide an estimate
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of weekly computing hours. For weekday computing
hours, only the average hours of Monday thru Friday
were summed. Weekend use was taken as the summed
average computing hours for Saturday and Sunday.

From the set of four questions that asked how likely
the students were to sit continuously working at the
computer for X amount of time before taking a break,
a weighted average of the four individual sitting time
descriptions was calculated, to provide a single score
(PCSITSCR), that ranged from 1-5 [42].

For characterizing frequent discomfort specifically
associated with use of a computer, the number body
parts for which a subject reported discomfort occurring
Quite often or Aimost always was summed. This was
referred to as the PCPain score [42]. Frequent discom-
fort in the upper extremity (including the neck and up-
per back) was also computed, and was referred to as
UEPain.

2.3. Independent variables

When just considering the student data, the indepen-
dent variables were Class (graduate or undergraduate),
Major (Eng. v. HSS), and Gender. The interaction
between Class and Major was also considered. Other
second order interactions were not considered. When
comparing the college student (CS) and professional
workers” (PW) data, the independent variables were
Category (CS v. PW) and Gender. The interaction term
was also included in the models. Due to the potential
association between age and MSD, when making sta-
tistical comparisons between the CS and PW, only data
from subjects under 35 years of age were utilized from
both groups.

2.4. Dependent variables

The dependent variables of interest were based on
questions about the participants’ computer use in the
areas of frequency, duration, posture, discomfort, de-
mographic information, and previous computing expe-
rience. Some of these responses were evaluated quali-
tatively in descriptive statistics, while others were for-
mally addressed via statistical analyses.

2.5. Satigtical analysis

The survey produced ratio and ordinal data. JMP
(SAS, Cary NC) was used for analysis. Throughout the
analysis, a probability of less than 0.05 indicated a sig-
nificant effect. Residuals were examined for normali-

ty (only moderate departures found) and homogeneity
of variance (assumption met), as prescribed by Mont-
gomery [34]. The data for reported computing hours
were analyzed through a one-way analysis of variance
(ANOVA). The ANOVA procedure was used to evalu-
ate differences in computing hours among the groups
of students, and comparisons were also made between
the professional workers and the students. The data
set used to test these latter differences was the data set
that eliminated those respondents over 34 years of age.
Non-parametric tests were used to compare the groups
where ordinal scales were used. The Wald Chi-Squared
test was used for the analysis that tested the effects
of the independent variables on PCPain, UEPain, and
PCSITSCR.

3. Results

Descriptive statistics are presented first, followed by
statistical analyses of musculoskeletal discomfort and
potential risk factors. Statistical comparisons between
CS and PW utilize only the data for participants under
age 35, in both groups.

3.1. Demographics

Basic demographic information (age, gender, and
race/ethnicity) is provided in Table 1, for all partici-
pants. As a point of interest, almost half of the CS
(45%) began using computers prior to starting high
school, while this was the case for only 11% of the PW.
CSdistribution by class standing and major is presented
in Table 2.

When the data were reduced to just those subjects
under 35, there remained 201 students (mean age of
23.6 years, s.d. 3.6; 121 females and 80 males) and
60 professionals (mean age of 30.5 years, s.d. 2.9; 30
females and 30 males).

3.2. Computer use practices

102 students reported using both desktop (DPC) and
notebook (NPC) computers. Another 122 students re-
ported only using DPCs, but just 10 used only NPCs.
91% of the students reported that they used a computer
every day in a typical week. The likelihood of comput-
er use for each day during the week is depicted in Fig. 2
for the CS. Similarly, 91% of the PW were classified as
‘heavy users’, meaning that they used their computers
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Table 1

Demographic information for the CS and PW: age, gender, and race/ethnicity. Number of responses to each question

provides sample size information

College students N for CS question  Professional workers N for PW question
n=234 n = 302
Mean age, years (sd)  25.2 (6.4) 44.4 (9.9) 300
Gender, n (%) 87 Males (37%) 181 Males (61%) 299
147 Females (63%) 118 Females (39%)
Race/ethnicity, n (%) 179 Caucasian (76%) 272 Caucasian (90%) 297
31 Asian (13%) 8 Asian (3%)
27 Other (11%) 23 Other (7%)

Table 2
Distribution of all student subjects by class standing and college
major

Engineering  Humanities & social sciences
Undergraduate 76 64
Graduate 49 45

for work on all, or at least the vast majority, of days
they worked.

Both CS and PW were asked about the likelihood of
using a computer during specific time periods through-
out the day. For each two hour time period, the re-
sponse choices were the same as those listed in Fig. 2.
Figure 3, depicting Very likely responses, shows that
the professional workers appear to concentrate their
computer use during normal business hours, while the
college students’ computing hours shift towards the
evening hours. The CS, as a group, were at least Some-
what likely to use a computer for 9 of the 12 2-hr time
slots, while that number was 6 of 12 for the PW. Hours
of computer use during the week and on weekends are
presented in Table 3. Together, this information indi-
cates that college students may spread out their com-
puter use over more of the day, and then have less ex-
tended recovery time (2:00 a.m. — 8:00 a.m.) between
computing hours, compared to the professional workers
(6:00 p.m. — 6:00 a.m.).

3.3. Musculoskeletal discomfort

PCPain and UEPain differed only between male and
female students, and was not a function of Class or
Major. Average PCPain was 2.4 (sd = 2.6) for females
and 1.2 (sd = 1.5) for males (p = 0.0032). Average
UEPain was 2.0 (sd = 2.1) for females and 1.1 (sd =
1.3) for males (p = 0.0042).

PCPain did not differ by category (that is between
the CS and PW; the analysis was limited to participants
under 35 years of age), but did still differ by Gender
(p = 0.0004). UEPain differed by both Category (p =
0.0008) and Gender (p = 0.0017), though there was no

interaction between these factors. The data are sum-
marized in Table 4.

A subsequent examination of differences in frequen-
cy of discomfort by body part, provided an explana-
tion for the effect of category on UEPain (see Fig. 4).
Compared to the professionals, greater percentages of
students experienced frequent discomfort in several ar-
eas that contribute to the UEPain score: left and right
forearm-elbow regions, the right shoulder, and the neck.
By contrast, greater percentages of professionals expe-
rienced more frequent discomfort in the low back and
the eyes, than did the students. The difference for the
eyes is particularly striking: very few students reported
frequent eye discomfort, while the prevalence for PW
exceeded 30 percent.

3.4. Hours of computer use

For the college students, hours of computer use dif-
fered only by Class, and not by Major, Gender, or Class
X Major. Hours of computer use for graduate students
exceeded those of undergraduates for weekday hours
(p = 0.0022), weekend hours (p = 0.0228), and total
weekly hours (p = 0.0021). As can be seen in Table 3,
average hours of use are similar between graduate stu-
dents and PW. If treated as a single group, however, to-
tal hours per week of use for CS are less than PW (p =
0.0061;29.1, sd =15.6,35.1, sd = 12.6, respectively).

No statistically significant association was found be-
tween students’ hours of computer use and discomfort.
However, graphical representations of the data revealed
some tendency for fewer hours of computer use to cor-
respond with greater UEPain and PCPain. This is may
be the result of those with more frequent pain limiting
their use of computers. As an anecdotal example of
this, no students with PCPain >5 reported usinga com-
puter for more than 12 hours on the weekend, whereas
weekend use for 17 of the 194 students with PCPain
<5 ranged from 13-28 reported hours.
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Fig. 2. Likelihood of college student computer use throughout the week.
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Fig. 3. Percentage of participants who were Very likely to use a computer at specific intervals during the day.

Table 3
Weekday and weekend hours of computer use reported by partic-
ipants; means and standard deviations are presented

Undergraduate Graduate PW

Weekday, hrs

All participants 20.4 (10.9) 25.3(12.8) 26.6 (9.0)

<35yrs 204 (11.2)  257(12.8) 29.3(9.4)
Weekend, hrs

All participants 6.2 (4.1) 7.6 (5.5) 5.3(6.4)

<35yrs 6.2 (4.2) 8.0 (5.7) 6.4 (7.4)

Table 4

Average PCPain and UEPain scores (and standard deviations), as a function of
gender and study category

College Students

Professionals

Female

Male Female Male

PCPain (possible range 0-13) 2.4 (2.5)
UEPain (possible range 0-8) 2.0(2.0)

12(15  23(5) 09(12)
10(13)  12(1.6) 04(0.8)

3.5. Continuous sitting

Class had a significant effect on the PCSITSCR com-
posite variable (p = 0.0004), while Gender and Major
did not. Graduate students tended to sit for more fre-
quent, and/or longer, uninterrupted periods of time at
a computer than did undergraduates (4.0 (sd = 0.6) v.
3.6 (sd = 0.7), respectively). As a single group, CS

had a higher PCSITSCR than did the PW (3.8 (sd =
0.7) v. 3.2 (sd = 0.8), respectively).

Within the college students, the correlation between
the reported discomfort (PCPain) and likelihood of con-
tinuously sitting (PCSITSCR) was 0.35 (p < 0.0001),
suggesting a relationship between static positioning and
discomfort. The correlation between the reported dis-
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Table 5
Percentage of respondents who were Quite often or Almost alwaysaware
of assuming awkward postures while using a computer

College students  Professionals

While using a desktop computer 30.4% 29.5%
While using a notebook computer 17.9% 21.3%
4. Discussion

comfortand likelihood of continuously sitting was sim-
ilar when all subjects under 35 were included 0.38 (p <
0.0001).

3.6. Awkward postures

Students reported being aware of assuming awkward
postures when using both desktop and notebook com-
puters. Table 5 presents dichotomized data for the CS
and PW, which show similar percentages, between the
two groups, of those reporting frequent awkward pos-
tures (answered either Quite often or Almost always)
for DPC and NPC use.

Frequent adoption of awkward postures was associ-
ated with frequent discomfort, expressed through the
PCPain score (p = 0.009). Figure 5 illustrates that
when students are compared on the basis of more fre-
quent or less frequent assumption of awkward postures
while using a desktop computer, a greater percentage
of the former group experiences frequent discomfort in
at least one body part (75% with PCPain >0), when
compared with the latter group (56%). Results were
similar for notebook use.

4.1. Musculoskeletal discomfort

The college students in this study reported experi-
encing frequent musculoskeletal discomfort specifical-
ly associated with the activity of using computers. Fe-
male students in this study reported a higher frequency
of discomfort associated with using a computer than
the male participants. This is consistent with previous
research, where gender was also found to be a signif-
icant factor [19,20,40]. In addition to gender, Katz
et al. [26] found academic concentration (major), res-
idential house, hours of computer use each week and
participation in intercollegiate athletics was associated
with UE discomfort specifically associated with com-
puter use. In contrast, and similar to the current study,
Hupert et al. [19] did not find major to be significant.
The study by Katz et al. [27], did not include all ar-
eas of the body to indicate discomfort — only the UE
was described. The current research inquired about
discomfort in the neck, trunk, and legs, as well as the
UE and found frequent discomfort in the neck region
to be the most common site of frequent discomfort for
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this sample of college students; this agrees with other
recent studies [19,20,33]. Previous studies of workers
who use computers have also found more discomfort
in females [7,22,32,42].

In the current study, the finding that UEPain was
greater in college students’ than in the PW was unex-
pected. Since office workers reported spending more
hours using a computer, if a dose-response relation-
ship existed between hours of use and discomfort, one
would expect that UEPain would have been higher for
the PW. The higher level of UE discomfort reported
by college students could be due to varying work envi-
ronments, however. College students use various com-
puters in a variety of locations: in computer labs, the
library, and/or their homes. The configurations of the
computers in public spaces on campus may not be suit-
able for some portion of users. Based on appearance,
the priorities in computer labs are providing the max-
imum number of workstations, with the highest level
of processing speed and software availability (for the
funds available). As a result, college students must
adapt to the conditions of the workstation, balancing
books and papers in the limited space provided, and
assuming whatever posture possible. In the current
study, students did report assuming awkward postures
while using computers, and an association was found
between frequent adoption of awkward postures and
frequent discomfort in one or more body parts.

Poor workstation design has been linked to discom-
fort in a number of studies. However, the availabil-
ity of adjustable furniture in college computer labs
may be limited or non-existent depending on fund-
ing priorities [39,49]. Studies have shown an as-

sociation between limited or insufficient table space
and neck/shoulder discomforts; other associations of
neck/shoulder discomfort include the high positioning
of the keyboard and VDT [3]. Along with discomfort,
tension neck syndrome diagnosis has been associated
with insufficient table space, and arm/hand discomfort
has been associated with non-neutral or extreme hand
positions [3]. Further, college students may not feel
the urgency to take measures to prevent pain. Cortés
etal. [11] in their focus groups of symptomatic college
students, found that, in general, the college students
“did not feel their symptoms were serious enough” to
report.

4.2. Temporal and postural aspects of computer use

In this study, the primary difference between grad-
uate and undergraduate students was in the number of
hours of computer use, although average weekly hours
of use by both groups exceeded 20 hours per week, the
limiting value that Katz et al. [27] identified as a risk
factor in their research. Unlike that study, however, no
relationship could be identified between hours of use
and discomfort in the current study. This may be due
to the cross-sectional nature of the study. In retrospect,
it would have been useful to include a question about
any changes students may have made in their use of
computers as a result of musculoskeletal discomfort, as
observed in another study [49].

Compared with the current study, fewer daily hours
of use have been reported in other studies of undergrad-
uates (2.9 hours per day by Peper and Gibney [37]; 3.2
hours per day by Menendez et al. [33]). By contrast



K.L. Noack-Cooper et al. / College student computer use assessment 295

the undergraduate students in the current study reported
closer to a daily average of 3.8 hours, and the graduate
students a daily average of 4.8 hours, based on total
weekly computer use. In the previous studies [33,37],
the research focused on undergraduate students in upper
level classes, and only asked about general daily com-
puter use and not weekend/weekday computer use, as
the current study has addressed. Inquiring about com-
puting hours on specific days allowed for comparisons
of computing hours on weekdays and weekends. On
average, college students in the current study worked
more on the computer during the weekdays than the
weekends. During the weekdays, the daily average of
computing was reported as 5.1 hrs for graduate students
and 4.1 for undergraduate students. On the weekends,
the hours were lower, with an average of 3.8 comput-
ing hours for graduate students and 3.1 for undergrad-
uate students. Also notable was that graduate students
were not included in the previous research [19,20,33,
37,49], though in the current study class standing was
found to be significant, with graduate students report-
ing more computing hours than undergraduates. In a
study focused solely on graduate students, Schlossberg
et al. [40] found that computing hours increased with
year in graduate school; 56% of participants reported
greater than 40 hours per week by the end of their grad-
uate studies. The only other study to include graduate
students was a focus group study by Cortés et al. [11]
which was qualitative research. In that study the re-
search involved only symptomatic students, and it was
a small sample of students, only seven undergraduates
and nine graduate students.

Reported hours of use may not be a good esti-
mate of actual computing hours. Several studies have
demonstrated that both working adults and students
tend to over-estimate their computer use time [4,17,
43]. Bernard et al. [4] found newspaper workers with
hand symptoms reported 4.5 (s.d. 2.6) hours of use,
while observed typing hours were 2.5 (s.d. 1.4), an
overestimate of 80%. Their referent group overesti-
mated their use by 100%. In Menendez et al. [33],
college students reported 3.3 hours of daily computer
use, while the observed hours were 2.7 per day, or 22%
over reporting. Daily computer use can be variable
for many users (those who are not performing routine
tasks, such as data entry), making it difficult to provide
avalid, accurate estimate of average daily use [44]. The
current study allowed participants to provide average
daily use or use per specific day, and, as such, the es-
timates of computer usage could, potentially, be more
accurate and therefore the reported computing hours in
the current study may not be as inflated.

Another question in the current study referred to the
likelihood of using a computer during specific periods
of time. As a group, the professional workers report-
ed that they were at least Somewhat likely to use a
computer between 6:00 am and 6:00 pm. As a group,
the college students reported a pattern of computer use
over a greater range of times throughout the 24-hour
day, reporting being at least Somewhat likely to use the
computer between 8:00 am and 2:00 am. Under any
category of use certainty (except Not likely), college
students indicate more 2-hour usage periods than the
professional workers. This would tend to indicate that
college students spread out their computer use over the
24-hour day, whereas professional workers concentrate
their computer use into fewer hours. At this point, it
is not obvious whether one pattern would be more or
less harmful than the other. This would require further
study.

The participants also provided information as to how
likely they were to sit continuously using the computer
for X amount of time before taking a break, with in-
crements of 30, 60, 90, 120 minutes. The combined
response for this set of questions was given the vari-
able name PCSITSCR. A significant difference was
found for Class, with graduate students’ scores indicat-
ing longer and/or more frequent periods of continuous
time sitting at a computer than the undergraduates. Oth-
er studies [33,37] inquired about break patterns simi-
lar to the current study’s inquiry on time periods be-
fore breaks. However, Peper and Gibney [37] did not
quantify the time allocations; only the act of a break,
and the researchers deemed these to be alleviations of
discomfort or pain rather than a common practice of
healthy computing. In Menendez et al. [33], the stu-
dents reported an average of 3.2 hours of daily comput-
ing, interrupted by only an average of 1.4 breaks; total
estimated daily break time was 14.5 minutes. Katz et
al. [26] attributed differences in the number of reported
computing hours within different academic concentra-
tions to a workstyle effect. For example, ‘binge’ com-
puting would be more common within computer sci-
ence than in history. This could also be true of graduate
students meeting proposal/defense deadlines. From the
current study, the PCSITSCR for college students was
3.8 (s.d. 0.7) and for the professional workers, 3.2 (s.d.
0.8). This indicates that the CS are working for longer
periods of time and/or are more frequently working for
uninterrupted periods than the PW. Galinsky et al. [12]
studied the incorporation of a five minute rest break
every hour, in addition to the conventional two-15 min
breaks during the day, and found significantly lower
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discomfortand no decrement in performance. Through
an education program, the importance of breaks may be
further realized, and discomfort, associated with com-
puter use, possibly reduced.

Within college students, the correlation between fre-
quent discomfort and the composite score of time sit-
ting in front of a computer before a break was 0.35. The
correlation for college students and professional work-
ers under 35 was similar at 0.39. This was consistent
with Sommerich’s [42] research showing a correlation
of 0.31 found in the larger data set of the profession-
al worker study. This continues to reinforce the need
for education for computer users to take adequate rest
breaks, as increased rest breaks reduce discomfort [12].

4.3. Srengths and limitations of this study

There are several limitations to the current work that
should be noted. There was a low response rate, with
less than 50% of the solicited college students com-
pleting the survey. Those college students that did not
respond could not be contacted and therefore there is
no assessment of the differences between respondents
and non-respondents. Those that responded could eas-
ily have been students drawn to the nature of the study
or more apt to volunteer for research; each are potential
biases. In a few other studies a verification of the re-
sponses has been completed, such as comparisons of re-
ported computing hours to actual observed computing
hours; this was not done in the current study. The study
also did not specifically investigate non-school-related
use of computers; social networking and gaming add
significantly to some students’ computer exposure.

This study included a more diverse population than
previous studies. Both graduate and undergraduate stu-
dents were included. Forty percent of the students were
graduate students. The students of two academic con-
centrations were included, humanities and social sci-
ence (47%) and engineering (53%). Both males and fe-
males were well represented, with 63% of the students
sampled being female. Also, efforts were taken to con-
trol for duplicate responses to the survey. Each student
was given a separate 1D code, and those responses that
had identical ID codes or no ID code were not included
in the analysis.

If this study is considered as a pilot effort, suggested
improvements in methods include performing a more
detailed analysis over a longer period of time, similar
to the professional worker study [42]. Along with the
longer study time, following up to compare actual ver-
sus reported values for use patterns, where possible,

would improve the validity of the research. Including
physical examinations or a detailed clinical assessment
of those with symptoms could help further define the
scope of the college students’ risk of MSDs.

4.4. Suggestionsfor future work

Following a group of college students throughout
their academic career would be a next step. College
students could be medically evaluated and followed
over time. Research into this younger population could
further investigate the natural history of MSDs, because
people now begin using computers at such an early
age. Further, professional workers are developing their
computing habits at younger ages, in college or earlier.

Another progression would be to gather more de-
tailed information on work patterns. Further defined
work patterns could yield ideas for interventions, di-
rected at the college population, that would attempt to
accommodate the user of a variety of computers, at
various locations, during late hours, and all the other
components that could place college students at risk
for developing MSDs. Also, the comparison could be
made over time, to determine if computer use plateaus
among college students or increases, by comparing the
two different time periods of studies.

Variations on these suggestions could include some
students receiving one intervention technique over an-
other. This could determine the types of programs that
show effectiveness in a college setting. Studies involv-
ing younger college students and younger professional
workers, those with and without symptoms, may aid
in identifying effective interventions in colleges and
universities, and other educational systems as well.

5. Conclusions

Efforts to reduce exposures to risk factors associated
with MSD should not only include the workforce, but
those that are beginning to use computers, including
children in elementary school, middle school, and high
school. College students are adults, and therefore are
not a special population when compared to a devel-
oping child. However, proper workstation set-up and
healthy computing are not yet common place terms in
educational environments. For example, students at
one university must proceed through two links on the
student health services’ website, which eventually links
to a search engine’s general health website, then two
more links on this website before receiving any recom-
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mendations about healthy computing. On each website
there is no clear direct path to healthy computing, so the
student may become frustrated before finding the ad-
vice. As seen in other studies, health care professionals
may not have much more to offer than ‘limit computer
use’ as a primary suggestion to college students [11].

There remains a low level of awareness regarding risk
of MSD development in college students, associated
with computer use. This research was designed to
show that risk factors previously identified in groups of
professional workers, are also prevalent in the college
students’ environment.

The most important findings are the similarities and
contrasts between college students and professional
workers. As college students continue into advanced
degrees and become graduate students, the amount of
computer use on a weekly basis is very similar to the
professional workers. College students reported a high-
er frequency of UE and neck discomfort than profes-
sional workers. Also, college students reported us-
ing computers from early in the morning until late in
the evening, much later than the professional workers.
This reduced recovery time for the college students may
contribute to the higher frequency of discomfort.

Since Major was not found to significantly affect
any of the variables in this study, these results im-
ply that the issue of computer-related MSDs in col-
lege students should be addressed at the university lev-
el.  Without some intervention, college students are
more likely to enter the workforce with poor computing
habits and MSD. With some information on computer
ergonomics, a college student would know how to set-
up his/her own computer workstation, and appreciate
the potential risks of using poorly designed stations for
long periods of time. Students who experience symp-
toms would know to seek attention for them before they
progress to a permanent problem. The only known de-
fenses to MSD are prevention or intervention. Knowl-
edge and proper equipment are two factors that could
help reduce a future workforce’s risk of developing
MSDs as a consequence of using computers.
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