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A B S T R A C T

Introduction: The main purpose of this cross-sectional study was to investigate whether visual discomfort acts as
a mediating factor between perceived visual ergonomic working conditions and self-rated visual performance
among office workers who carry out administrative tasks and computer-based work at the Swedish Tax Agency.
Methods: A questionnaire was sent to 94 office workers addressing: 1) perceived visual quality of the visual
display units; 2) prevalence of eye symptoms; and 3) self-rated visual performance. Eighty-six persons (54
women (63%), 31 men (36%), and 1 of unspecified sex) answered the questionnaire. Multiple regression analysis
investigated the association between visual ergonomic working conditions and visual performance, both with
and without visual discomfort as a mediator.
Results: The group mean of the Indexed survey questions indicated a reasonably good quality of visual ergo-
nomic working conditions, a relative absence of eye symptoms, and acceptable self-rated visual performance.
Results from multiple regression analysis showed a significant association between perceived visual ergonomic
working conditions and self-rated visual performance (r2= 0.30, β=0.327, p < 0.01). When visual discomfort
was used as a mediator, the association between perceived visual ergonomic working conditions and self-rated
visual performance remained the same (r2= 0.32, β=0.315, p < 0.01).
Discussion: It was remarkable to discover that self-rated visual performance was independent of visual dis-
comfort. Possible explanations include exposure factors not included in the current study, such as dry air and
sensory irritation in the eyes, psychosocial stress, time spent performing near work activities, or time exposed to
visually deficient working conditions.
Relevance to industry: The strong connection between satisfaction with visual ergonomic working conditions and
productivity in this study has implications for workplace profitability and staff satisfaction. If productivity is
enhanced by better visual ergonomic working conditions, then managers of workplaces may be able to improve
work outcomes by optimizing the physical work environment.

1. Introduction

The modern workplace is a digital landscape, where workers use a
variety of devices during the work day, such as desktop computers,
laptops, tablets, and smartphones. The use of digital technology has
changed work patterns and workloads over the past two decades, re-
sulting in a substantial increase in the amount of visual information
received and processed by workers. The increased visual and cognitive
demands of visual display work are associated with symptoms involving
the eyes/neck and vision (Blehm et al., 2005; Rosenfield, 2011). These

symptoms are collectively called computer vision syndrome (CVS), and
include itchy, dry eyes, blurry vision, and headaches (American
Optometric Association (2018); Rosenfield 2011; Gowrisankaran and
Sheedy 2015).

If office employees work in a visually comfortable environment,
then it might be expected that these individuals will be symptom-free
and can easily and efficiently complete their work tasks. Conversely, if
workers are exposed to visually deficient working conditions (for ex-
ample, poor illumination, glare, and difficult-to-read computer dis-
plays) and subsequently experience CVS symptoms, then they might
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have difficulty performing their tasks. A schematic description of this
hypothetical relationship is depicted in Fig. 1.

It is also possible that workers may exert additional visual effort “to
see well” in poor visual working conditions to meet expected perfor-
mance levels (see Richter et al., 2018), and this could contribute to a
reduced sense of visual work performance, along with an unhealthy
experience of stress (see Tanaka et al., 2014) (These relationships are
depicted in Fig. 1 in this article). Furthermore, if the work content is
mentally challenging, then the blink frequency may be reduced
(Rosenfield et al., 2015), which could be a risk factor for dry eye
symptoms. Other factors that may also come into play include pre-ex-
isting binocular vision problems (Rosenfield, 2011; Jaiswal et al.,
2019), pre-existing eye disease, and the wearing of spectacles/contact
lenses (Ranasinghe et al., 2016).

Previous academic research within the realm of visual ergonomics
has been focused on eye/neck health, and comfort and visual well-
being, as related to the quality of visually displayed work: for example,
the visibility of alphanumerical characters displayed on a computer
monitor (Richter et al., 2011), or workspace design and lighting
(Robertson et al., 2016). Although some evidence exists that lighting
conditions can enhance individual performance (Juslén and Tenner,
2005; Boyce, 2011), very little research identifies or explains other
underlying causes of reduced visual task performance, its impact on
productivity, or the relationship between visual ergonomic conditions
and visual performance in the workplace. Several authors have pro-
duced models to explain how the physical working environment, per-
formance levels, and well-being might relate to each other (Dul et al.,
2012; Foldspang et al., 2014); nevertheless, these relationships are not
fully understood. Consequently, there have been calls for focused re-
search investigating the relationships among work performance and the
technical and social science aspects of the workplace (Dul et al., 2012).

Visual ergonomics is a critical part of the modern office environ-
ment. Therefore, the goal of this study was to investigate the effects of
perceived visual ergonomic working conditions on self-rated visual
performance and visual discomfort in an office environment at an ar-
bitrarily fixed point in time.

There were four interrelated research questions:

1. Are perceived visual ergonomic working conditions associated with
self-rated visual performance?

2. Are perceived visual ergonomic working conditions associated with
visual discomfort?

3. Is visual discomfort associated with self-rated visual performance?
4. Does visual discomfort function as a mediating factor between

perceived visual ergonomic working conditions and self-rated visual
performance?

2. Materials and methods

2.1. Study population

Participants in this study were office workers, who performed ad-
ministrative tasks and computer-based work at the Swedish Tax Agency
in a town in central Sweden. The office environment was open plan,
with four rooms each approximately 300–400m2. One of the walls had
open windows facing a street. The rooms were artificially lit with
fluorescent lamps. Within each room, 30–40 employees were seated in
groups of four. Each employee had a height-adjustable desk and used a
combination of desktop-mounted monitors (24″ and 27” displays) and
portable computer displays (e.g. laptop computer). The inclusion cri-
teria for the study were: participants must be at least 18 years old;
employees of the Swedish Tax Agency; and regularly use a computer on
a daily basis at work. Ninety-four workers were invited to participate in
the study.

2.2. Recruitment

Participants were selected as a convenience sample. This method
was chosen because the participants were geographically within close
proximity, and it was easy to maintain contact. Consent to perform the
study was given by the manager of the workplace, who informed the
employees about the study and advised them of their subsequent receipt
of an email invitation. An invitation was sent by the researchers to the
work email addresses of 94 employees on 8 January 2018, along with a
brief explanation of the study. Email reminders to participate were sent
on 11 January 2018 and 24 January 2018. The questionnaire was open
to responses between 8 January 2018 and 25 January 2018. No in-
centives were offered to participate, and participation was anonymous;
that is, the manager was unable to see which employees participated.
The survey was completed during the employees’ work time and took
less than 10min to complete. The study conformed to the standards set
by the Declaration of Helsinki. All participants gave their informed
consent before participation by clicking on the “I agree” button on the
front page of the online survey.

2.3. Design

This study investigated cross-sectional associations among visual
ergonomic working conditions, visual discomfort, and self-rated visual
performance. The cross-sectional design enabled the analysis of data
retrieved in January 2018, to detect established patterns and associa-
tions among visual ergonomic conditions, visual discomfort, and visual
performance.

Fig. 1. Schematic depiction of eye/neck, visual, and mental consequences of visually deficient working conditions. The path in bolded boxes, relating to a reduced
perception of visual work comfort, may affect visual work performance independently, or via mediation by computer vision syndrome (CVS) symptoms.
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2.4. Pilot study

A pilot version of the survey was sent to 17 people working in a
different office to obtain feedback on the usability of the survey.
Subsequent changes were made to the wording of some questions and a
revised survey was administered to one person, who regularly performs
computer-based work in an office. This person did not make any ad-
ditional suggestions for improving the survey.

2.5. Questionnaire

There are numerous ways to assess visual task performance: for
example, counting the number of words read during a given time or
measuring the ability to distinguish and recognize a small target, such
as an alphanumerical character. Whereas these strategies might be
easily conducted within a laboratory, they may not be reflective of the
performance of real tasks in workplaces. Productivity is one element of
performance, which has high face validity for work-related research.
Haynes (2008) describes three research strategies for its measurement:
simulated work environments (for example, comparison of task per-
formance between “good” and “bad” visual working conditions); in-situ
measurements with discreet outcome measures (for example, mea-
suring the number of work units completed by people working in
“good” and “bad” visual working conditions); and self-reported mea-
sures of productivity (for example, asking employees to complete a
survey estimating their own level of performance). Although self-re-
ported measures have been criticized (for example, respondents may be
influenced by the opinions of others (Vischer, 2018)), surveys and
questionnaires are commonly used to measure productivity (Clements-
Croome, 2018). It has been argued that the general consensus among
researchers as to the best research strategy with which productivity can
be measured is self-reported performance: for example, by asking an
employee to complete a survey (Haynes, 2008).

The experimental tool used in the present study was a digital
questionnaire in Swedish, constructed with the survey tool Sunet
Survey (https://www.sunet.se/about-sunet/). It consisted of 22 ques-
tions (see Appendix with questions translated into English). Questions
1–10 comprised multiple choice and short answer questions seeking
demographic information. Questions 11–14 asked participants about
their perception of the visual ergonomic working conditions at their
workplace, using a five-point Likert scale. The response scores were
combined, after reversing the scales of Questions 12–14, to create a
summed Index. The higher the summed Index, the worse the partici-
pant's perception of the visual ergonomic conditions within their
workplace. The minimum possible summed Index score was 4 and the
maximum summed Index score was 20.

Questions 15–17 related to the participant's visual discomfort and
required the participant to report their experience of eye symptoms at
work. These three questions were based on those developed by Knave
et al. (1985) concerning eight forms of eye discomfort. Participants
were asked to report the frequency and intensity of eye discomfort. For
example, “Do you have any of the following eye problems: redness”? If the
respondents answered “no” (0), then the survey took them to the next
question on symptoms. If the respondent answered “yes” (1), they were
then prompted to indicate the frequency (1= occasionally,
2=weekly, and 3=daily) and severity (1=negligible, 2= slight,
and 3=pronounced). The eye discomfort Index was calculated as the
sum of the eight eye symptom scores (minimum score of 0, and max-
imum score of 56). The higher the summed total, the lower the self-

reported visual discomfort (Knave et al., 1985).
Questions 18–22 asked participants about their self-rated visual

performance at the time of completing the survey. These questions were
modified from previous research in similar studies (Richter et al., 2011;
Lundqvist et al., 2016), and were constructed by two of the authors
using an 11-point Likert scale. The responses to these questions were
summed, after reversing the scale of Question 18, such that a higher
summed Index (minimum score of 0, maximum score of 50) reflected
poorer visual performance, as reported by the participant. The reversed
scoring on some of the questions in the digital questionnaire was done
to minimize potential problems of inattention and erroneous replies
resulting from participants mindlessly ticking “yes” to everything.

The internal reliability of the questionnaire was assessed using
Cronbach's alpha, and shown to be favorable (see Table 1).

2.6. Data analysis

At the end of the data collection period, the data were transferred to
the SPSS program (IBM SPSS 24.0 for Windows, SPSS Inc., Chicago, IL,
United States). The summed Index for visual ergonomics was treated at
an interval level as an independent variable (x). The summed Index for
self-rated visual performance was treated at an interval level and as a
dependent variable (y). Visual discomfort was also treated at an interval
level and included as a mediator variable.

Descriptive statistics were used to describe the sample, based on the
background questions and summed Indexes of the phenomena. The data
were approximately normally distributed. Inferential statistics were
used to answer the research questions and included multiple regression
analyses for research questions 1–4, and mediator analysis to answer
research question 4 specifically. In all analyses, the significance level
was set to 5% (0.05).

2.6.1. Multiple regression analysis
Sex, age, daily exercise, and screen time outside of work were in-

itially chosen as covariates, based on the results of previous research
studies (Dul et al., 2012; Ho et al., 2014; Mediouni et al., 2015).
However, as there were unequal numbers of male and female partici-
pants, sex was not included as a covariate in later analyses. Multiple
regression analysis using the remaining covariates showed that “age”
and “daily exercise” had no significant effects. Therefore, “screen time
outside of work” was the only covariate used in the final multiple re-
gression analysis.

Multiple regression analysis met the five statistical assumptions to
ensure reliable results (Brace et al., 2009; Borg and Westerlund, 2012):

1. The dependent variables were on an interval or ratio level.
2. The sample size was appropriate in relation to the number of test

variables. The number of test variables was calculated along with the
degrees of freedom: that is, the total number of observations that were
free to vary when the statistical measure was calculated (Brace et al.,
2009). This calculation was done by dividing the sample size by 10.
Thus, in this study, it meant that the degrees of freedom were all 8 (86/
10= 8.6) (see Field, 2015).

3. A linear correlation existed between the predictor and criterion
variables (Brace et al., 2009). Table 2 shows how this assumption was
met.

Table 1
Cronbach's alpha.

Visual discomfort Visual performance Visual ergonomics

0.922 0.895 0.912

Table 2
Correlations and Pearson's r.

Visual
discomfort

Visual
performance

Visual
ergonomics

Visual discomfort – 0.257a 0.242a

Visual performance 0.257a – 0.456b

Visual ergonomics 0.242a 0.456b –

a Correlation is significant at the 0.05 level.
b Correlation is significant at the 0.001 level.
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4. The data needed to be screened for outliers and tested for nor-
mality and homoscedasticity.

5. The data needed to be tested for multicollinearity. The variance
inflation factor (VIF) was calculated for each predictor variable. The
rule of thumb to avoid a VIF> 10 was satisfied (Borg and Westerlund,
2012).

2.6.2. Mediator analysis
Mediator analysis was performed to investigate the fourth research

question. A mediator exists in a causal sequence between two variables,
whereas a moderator is not part of a causal sequence between two
variables (Baron and Kenny, 1986; Preacher and Hayes, 2004).

The Baron and Kenny (1986) and Preacher and Hayes (2004) model
assumes a three-variable system, which consists of four different ana-
lytical steps that are named C, a, b, and ć (see Fig. 2).

The first step was to investigate the association between the in-
dependent variable (visual ergonomics) and the dependent variable
(visual performance) with multiple regression, using screen time out-
side of work as a covariate (see path C in Fig. 2). This answered re-
search question 1.

The second step was to investigate whether the chosen mediator
variable could indeed be used as a mediator. This required the sa-
tisfaction of two terms (associations): (1) a significant association ex-
isted between the independent variable and the mediator variable; and
(2) a significant association existed between the mediator variable and
the dependent variable (Baron and Kenny, 1986; Preacher and Hayes,
2004). The first term was investigated using multiple regression ana-
lysis between visual ergonomics and visual discomfort, with screen time
outside of work as a covariate (see path a in Fig. 2). This calculation
also answered research question 2. The second term was investigated
using multiple regression analysis between visual discomfort and visual
performance, with screen time outside of work as a covariate (see path
b in Fig. 2). This association did not answer any specific research
question, but was performed to complete the mediator analysis, ac-
cording to Baron and Kenny (1986) and Preacher and Hayes (2004).

The third step in the analysis was to investigate the association
between the independent variable and the dependent variable, with
inclusion of the mediator variable, and screen time outside of work
again used as a covariate (see path ć in Fig. 2). This was also conducted
with multiple regression analysis.

The fourth step was to investigate whether mediation existed in the
associations observed. Mediation analysis was based on a comparison
between C and ć, using the R-squared (r2) and standardized coefficients
(β). If visual discomfort mediated the association, then r2 would be
higher in C than in ć. If it did not mediate the association, then r2 would

be higher in ć than in C. If the standardized coefficients (β) were sig-
nificant for both paths C and ć, then this would indicate that visual
discomfort did not mediate the association. If, on the other hand, the
standardized coefficients (β) were not significant in ć, this would in-
dicate that visual discomfort mediated the association between the
dependent variable (self-rated visual performance) and the independent
variable (visual ergonomics) (Baron and Kenny, 1986; Preacher and
Hayes, 2004).

Finally, the indirect effect was estimated using the SPSS PROCESS
tool developed by Andrew Hayes (http://www.afhayes.com). This re-
presented the variance in the outcome that is shared by the mediator
(visual discomfort) and the predictor (visual ergonomic working con-
ditions), but which cannot be attributed to either one in isolation. This
was equivalent to paths a and b in Fig. 2. For more information about
the SPSS PROCESS tool, see Field (2015).

3. Results

3.1. Descriptive analysis

Out of 94 email invitations sent, 86 workers responded (54 female
participants, 31 male participants, and 1 participant of non-specified
sex; age range 23–64 years, mean age=42 years, SD=12 years). This
represented a 91% response rate. Participants reported their use of
computers as being between 10 and 25 h per week at work, and 0 and
6 h per week outside of the workplace. Thirty-two participants (37%)
had an eye examination in the two years prior to the study. More de-
tailed descriptive statistics are included in Table 3.

The summed totals for each part of the questionnaire (visual ergo-
nomic conditions, visual discomfort, and visual performance) are pre-
sented in Table 4 and Fig. 3. These data show no significant differences
in the scores between sexes or between those who had, or did not have,
an eye examination within the previous two years.

The range of Indexes given by participants was large for each ca-
tegory. However, the reports of visual ergonomic conditions showed a
small standard deviation, indicating relatively consistent reports by
participants about the conditions in the workplace.

The standard deviations within the results for visual discomfort
were relatively large, but there was an overall low rate of reported
problems (mean score of 10.4 out of a possible maximum score of 56).
Similarly, visual performance showed a large standard deviation within
the results, but overall, the participants gave positive reports for their
self-rated visual performance (mean score of 15.72 out of a maximum
of 50).

3.2. Associations between visual ergonomic working conditions and visual
discomfort

The first model, which tested associations between perceived visual
ergonomic conditions and self-rated performance, using screen time as
a covariate (corresponding to research question 1, path C in Fig. 4),
explained 30% of the variance in self-reported visual performance (F (2,

Fig. 2. Simplified version of the analysis.

Table 3
Descriptive results of the sample.

Min Max Mean SD

Age (years) 23 64 40 12.18
No. of years at the workplace 0 42 11 11.56
Daily exercise (how often, of 30min durationa) 1 5 4 .92
Sleep qualityb 1 5 4 .82
Screen time at the workplace (h/week) 10 25 22 7.08
Screen time outside of the workplace (h/day) 0 6 1 1.44

a 1= less than once/month; 2= once/month; 3= 2–4 times/month;
4= 2–3 times/week; 5=4 times or more/week.

b 1= very bad; 2= bad; 3=moderate; 4= very good; 5= excellent.
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83)= 19.087, p < 0.0001, r2= 0.30). The second model, which tested
associations between perceived visual ergonomics and visual dis-
comfort, using screen time as a covariate (corresponding to research
question 2, path a in Fig. 4), explained 12% of the variance in self-
reported visual discomfort (F (2, 83)= 5.451, p=0.006, r2= 0.116).
The third model, which tested associations between visual discomfort
and self-rated visual performance, using screen time as a covariate
(corresponding to research question 3, path b in Fig. 4), explained 24%

of the variance in self-reported visual performance (F (2, 83)= 12.827,
p < 0.0001, r2= 0.232). The fourth model (visual ergonomics, visual
discomfort, and screen time, corresponding to research question 4, path
ć in Fig. 4) explained 32% of the variance in visual performance (F (3,
85)= 12.880, p < 0.001, r2= 0.320) (see Table 5). However, the
variance component associated with visual discomfort was non-sig-
nificant (p > 0.05). This result indicated that visual discomfort exerts
no effect as a mediator. This result was supported by the r2 and β data.
The value of r2 in path C (0.30) was similar to that in path ć (0.32). The
value of β for visual ergonomics also maintained its significance from C-
path analysis to ć-path analysis (from 0.327 to 0.315). See Table 5 and
Fig. 4 for more information.

The indirect effect of visual discomfort on self-rated visual perfor-
mance (that is, paths a and b in Fig. 4, when combined) was estimated
as β=0.056 (bootstrapped CI -0.062–0.416). The effect size of the
indirect effect (that is, paths a and b in Fig. 4, when multiplied) was
estimated as β=0.013 (bootstrapped CI -0.014–0.096). These boot-
strapped samples contained values lower than 0, which indicated the
absence of any indirect effect of visual ergonomic working conditions,
through visual discomfort, on self-rated performance. This result fur-
ther validated those obtained from the mediation analyses reported
above.

A graphical depiction of the associations among visual ergonomic
conditions, visual discomfort, and the predicted visual performance
effects from the model (used to test research question 4) is shown in
Figs. 5 and 6. These two figures were produced after regression analysis
testing for path ćwas performed, and gave a visual representation of the
data presented in Table 5. Fig. 5 shows that visual ergonomic conditions
(x-axis) do have an impact on the linear predicted visual performance
(y-axis), when screen time outside of work and visual discomfort are
included in the same linear regression model. In contrast, Fig. 6 shows a
lack of association between visual discomfort (mediator in the linear
regression analysis) (x-axis) and the linear predicted visual perfor-
mance (y-axis), when screen time outside of work and visual ergo-
nomics are included in the same linear regression model.

4. Discussion

This cross-sectional study investigated the associations among per-
ceived visual ergonomic working conditions, visual discomfort, and
self-reported visual performance of administrative staff who regularly
perform computer-based office work.

The results indicate that the perceived deficits in visual ergonomic
working conditions are associated with a reduced perception of visual
performance, but not reduced visual comfort. Visual discomfort did not
function as a mediating factor between visual ergonomic working
conditions and visual performance. Thus, a worker's experience of CVS
appears to be unrelated to their self-estimated visual performance.

The finding that self-estimated visual performance is positively
correlated with the perceived visual ergonomic working conditions
likely represents an authentic effect. For example, if the computer
display lacks optical clarity, or if the lighting conditions are sub-op-
timal, then it is reasonable to expect that an individual will have dif-
ficulty performing their work, and therefore require more time and
visual effort to complete the task. This is supported by Juslén and
Tenner's (2005) analysis, which reported that visual ergonomics

Table 4
Summed Index of the three scales.

Possible Index range Total Women Men
Min Max Mean SD Mean SD Mean SD

Visual ergonomics 4–20 5 18 11 2.94 11 2.65 11 3.43
Visual discomfort 0–56 0 41 11 11.02 11 11.09 10 11.07
Visual performance 0–50 5 42 16 9.51 16 9.69 15 9.45

The higher the summed Index, the worse the overall rating for that scale.

Fig. 3. Box plots with median, interquartile range, 5th and 95th percentiles of
individual summed Indexes of 1: Visual performance, 2: Visual discomfort; and
3: Visual ergonomics.

Fig. 4. Graphical illustration of the main results of mediator analysis. The va-
lues of β and the p denote the unique variance contributions from the in-
dependent and/or mediator variables, respectively. The values of r2 denote the
explained variance for the model as a whole (with inclusion of the covariate of
screen time outside of work).
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(lighting conditions) can affect a person's visual performance; the study
of Dianat et al. (2016), which reported that 43% of employees in a
manufacturing plant reported an adverse effect on their job perfor-
mance, due to the lighting; and the study of Dianat et al. (2013), which
showed associations among lighting in a hospital, employee satisfac-
tion, and self-reported job satisfaction.

Visual discomfort was not a mediating factor between visual ergo-
nomic working conditions and visual performance. However, it would
be worthwhile to explore some of the possible reasons why this might
be the case. Firstly, several of the eye discomfort symptoms included in
the questionnaire could have been attributed to dry eye, and there is a
link between eye discomfort and relative humidity (Wolkoff et al.,
2012). This study was conducted in the northern hemisphere during
winter, when air-conditioning provides heated air to the indoor en-
vironment. The relative humidity in the office was not measured during
the study but heating usually renders the air “dry” (low humidity).
Therefore, the humidity could have contributed to some of the

discomfort reported by participants. Moreover, daylight at this latitude
is restricted to between 9 a.m. and 3 p.m.: that is, 6 h. Furthermore,
historical meteorological data available online (https://rl.se/vadret/
historik.php) indicated cloudy or partly cloudy weather during daylight
hours at the times of data collection. Glare from natural sources of
daylight were therefore an unlikely cause of visual discomfort in this
study, which otherwise may have affected self-estimated performance.

Secondly, there is evidence in the scientific literature that if a person
is satisfied with their workplace, then they are less likely to report
eyestrain and headache symptoms, and less likely to report poor work
performance (Robertson et al., 2016). Satisfaction could be related to
social factors within the workplace, such as positive relationships with
co-workers and supervisors (Robertson et al., 2016), or personal control
over elements within the workplace, such as lighting (Haynes, 2008).
Both studies suggest that reports of discomfort in poorly designed
workplaces can be moderated by positive social relationships

Table 5
Specific descriptions from the results of multiple regression.

Research questiona Path Covariate/independent
variable

Dependent variable β p CI
L

CI
U

Model r2 Tolerance VIF

1 a Screen time Visual discomfort 0.258 0.023 0.285 3.661 0.12 0.865 1.156
Visual ergonomics 0.147 0.189 −0.277 1.382 0.865 1.156

2 C Screen time Visual performance 0.352 0.001 1.039 3.602 0.30 0.865 1.156
Visual ergonomics 0.327 0.001 0.429 1.688 0.865 1.156

3 b Screen time Visual performance 0.434 0.000 1.538 4.188 0.24 0.903 1.108
Visual discomfort 0.122 0.232 −0.068 0.278 0.903 1.108

4 ć Screen time Visual performance 0.332 0.001 0.864 3.516 0.32 0.812 1.232
Visual discomfort 0.077 0.428 −0.100 0.233 0.884 1.131
Visual ergonomics 0.315 0.002 0.384 1.659 0.847 1.181

a 1: Are perceived visual ergonomic working conditions associated with visual discomfort? 2: Are perceived visual ergonomic working conditions associated with
self-rated visual performance? 3: Is visual discomfort associated with self-rated visual performance? 4: Does visual discomfort function as a mediating factor between
perceived visual ergonomic working conditions and self-rated visual performance? CI L, lower limit of the confidence interval; CI U, upper limit of the confidence
interval; VIF, variance inflation factor.

Fig. 5. Graphical illustration of ć-path analysis: Visual ergonomic working
conditions (x-axis) versus linear predicted values of visual performance (y-axis).
The higher the rating of visual ergonomic working conditions (Index) when
controlling for screen time outside of work, the poorer the perception of visual
ergonomic conditions at the workplace.

Fig. 6. Graphical illustration of ć-path analysis: Visual well-being (x-axis) versus
linear predicted values of visual performance (y-axis). When screen time out-
side of work was controlled in the analysis, ratings of visual discomfort and
visual ergonomic working conditions were unrelated to the self-rated visual
performance.
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(Robertson et al., 2016) and the responsiveness of others (such as
managers) to complaints about the work environment (Haynes, 2008).
These factors were not explored in this study, but their inclusion in
future studies could shed light on potential mediating factors.

Thirdly, there is some evidence of a link between cumulative ex-
posure to near work and adverse effects on visual function in young
people, aged 18–31 years (Iribarren et al., 2001), which in turn could
manifest as CVS symptoms. The participants in this study had a broader
age range (23–64 years) than that in the study of Iribarren et al. (2001),
so it is difficult to draw comparisons between the results of that study
and the current investigation. Even if age is used as a proxy for near
work exposure (that is, assuming older workers have a greater cumu-
lative exposure to near work than younger workers), age did not prove
to be a significant factor: that is, it was not a covariate in this study.
Self-assessed visual performance also did not vary with age in the
present study, unlike another study in which the work ability scores of
nurses increased with age up to 45 years, and then decreased sig-
nificantly owing to personal health conditions and physical workload
(Chiu et al., 2007). Possible reasons for this outcome may be that,
unlike nursing, office work with a computer is primarily nonphysical in
nature. Nevertheless, it may be useful to include questions on near work
exposure in future cross-sectional investigations.

A speculative explanation for visual well-being not acting as a
mediator extends from the previous cumulative exposure hypothesis. It
is possible that CVS symptoms manifest only after a person has been
exposed to poor visual ergonomics at work over a certain period. If this
is true, then perceived visual performance may be a more sensitive
indicator of poor visual ergonomic working conditions than CVS
symptoms. This speculation is supported by the strong statistical re-
lationship between the visual ergonomic working conditions and visual
performance reported in this study. This does not mean that CVS
symptoms are unimportant, or should not be measured in future stu-
dies, but it does have implications for study design. For example, a
delayed onset of CVS symptoms, triggered by deficient visual ergo-
nomic working conditions, would desynchronize the statistical asso-
ciations between the two exposure variables, when assessed in a cross-
sectional study design.

4.1. Methodological considerations and future work

The strengths of this study include its homogeneous sample of
participants (they all worked within the same office environment) and
91% response rate, which contributed to the statistical validity of the
results. The satisfactory magnitude of Cronbach's alpha observed in the
present study is also indicative of the internal consistency and relia-
bility of the test scores.

Potential weaknesses of this study include the self-assessments of
the number of hours of screen time outside of work, as well as the es-
timates of visual performance, which may have been prone to over- or
underestimations. An overestimation of the duration of computer work

of between 1 and 2 h was reported by IJmker et al. (2008). Previous
studies have shown that younger categories of computer workers gen-
erally overestimate their duration of computer use at work (IJmker
et al., 2008). Misclassification of self-assessed productivity (that is, both
over- and underestimates) is reportedly not related to symptom status
in several studies (see IJmker et al., 2008). The literature on this topic
suggests that differential misclassification is likely: that is, there is
roughly an equal amount of over- and underestimation present in
sample estimates. Nonetheless, future research on productivity would
benefit from objective measures of duration of screen time, particularly
as they relate to differentiating the impact of age.

Additional objective information about the visual ergonomics of the
work environment would have strengthened the present study and
supplemented the subjective reports of participants. It may also have
helped to explain some of the findings: for example, the reason for the
correlation between sleep quality (which may be associated with stress;
see Aronsson and Stromberg, 1995) and symptoms of eye discomfort
among the female participants (Spearman's rho −0.226, p < 0.10).
However, the absence of objective data does not negate the validity of
the results reported in this study, as other authors have reported good
correlations between objective measurements and worker's subjective
satisfaction with visual ergonomic factors such as lighting (Dianat et al.,
2013, 2016).

5. Conclusions

The finding that perceived deficits in visual ergonomic working
conditions are associated with poorer self-reported visual performance
has potential implications for workplace profitability and staff sa-
tisfaction. If the productivity of office workers is enhanced by better
visual ergonomics, then managers may be able to improve work out-
comes by optimizing the physical work environment and investing in
more favorable workplace visual conditions.

It was remarkable to discover that self-rated visual performance is
independent of visual discomfort, because visual and eye symptoms are
established consequences of poor visual ergonomic working conditions.
Further research is required to explore other mediating factors in the
relationships among visual ergonomic working conditions, self-rated
and actual visual performance, and visual health and comfort.

Conflict of interest

The authors declare that this research was conducted in the absence
of any commercial or financial relationships that could be construed as
a potential conflict of interest.

Acknowledgements

One of the authors, Sofia Sundin, presented an earlier version of this
article in partial fulfillment for a Master degree in Occupational Health.

Appendix. Questions and scoring for survey

Questions Score

Background ques-
tions

1. Sex? • Female

• Male

• Other
2. Age? years
3. Marital status? • Married

• Partner

• Single

• Widow/widower
4. How long have you had your current job? no. of years
5. Height? cm
6. Weight? kg
7. How often do you engage in any kind of daily physical activity/exercise for a total of at least 30min?
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• < Once
monthly

• Once monthly

• 2–4 times monthly

• 2–3 times weekly

• > 4 times weekly
8. Have you been to an optician within the last 2 years to update the strength of your glasses, or tried a new pair of glasses or contact
lenses?

• Yes

• No

• Do not know
9. How is your sleep quality? • Very bad

• Bad

• Moderate

• Very good

• Excellent
10. Outside of working hours, how many hours of screen time do you engage in per day? no. of hours

Visual ergonomics 11. During working hours, how many hours do you spend in front of a computer monitor on average every week? [ ] 0 h
[ ]
[ ]
[ ]
[ ] 40 h

12.* How easy or hard is it for you to focus on alphanumerical characters when you read text on the computer monitor? [ ] Very hard
[ ]
[ ]
[ ]
[ ] Very easy

13.* How do you perceive the sharpness, resolution, and color settings on your computer monitor? [ ] Very poor
[ ]
[ ]
[ ]
[ ] Very good

14.* How do you rate your visual comfort in your workplace? [ ] Very bad
[ ]
[ ]
[ ]
[ ] Very good

Visual discomfort
Please indicate if you currently experience any of these eye symptoms? If you answer yes to any of the symptoms, please indicate the frequency and severity of
the symptom.
15–17 Burning? • Y/N

• Frequency

• Severity
15–17 Itching? • Y/N

• Frequency

• Severity
15–17 Sensation of gravel? • Y/N

• Frequency

• Severity
15–17 Pain? • Y/N

• Frequency
•Severity

15–17 Light sensitivity? • Y/N

• Frequency

• Severity
15–17 Redness? • Y/N

• Frequency

• Severity
15–17 Tearing? • Y/N

• Frequency

• Severity
15–17 Dryness? • Y/N

• Frequency

• Severity

Visual Performan-
ce

The following questions are focused on your perceived level of visual performance right now.
18.* How do you perceive your performance with computer-based work compared to your maximum performance? 0=Very poor

.

.

.
10=Very high

19. How often do you have to discontinue computer-based work because of visual comfort? 0=Very seldom
.
.
.
10=Very often

20. How often do you perform less computer-based work than you would like to because of insufficient visual comfort? 0=Very seldom
.
.
.
10=Very often

21. Does your visual comfort limit how long you can perform computer work? 0=Very little
.
.
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.
10=Very much

22. Does your visual comfort affect the quality of your computer-based work? 0=Very little
.
.
.
10=Very much

*The scales of these questions were reversed before statistical analysis.
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