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ABSTRACT
Virtual reality (VR) is gaining increasing importance in an increasing number of places in daily life, particularly when gaming or
working. Moreover, immersive activities are often performed while
standing at physical desks and current devices can even register
the physical properties of a virtual workplace to match the virtual content with haptics in the real world in front of the user.
However, little is known about the effects of VR on how users perceive and ergonomically adapt to workplace desks when wearing
a head-mounted display (HMD). In this user study, we conducted
an experiment with 19 participants to investigate the effects of
non-sedentary VR on the postural risk level, workload, and preferred desk height. The results indicate that being in VR negatively
influences objective and subjective measures of ergonomics and
increases postural risk while the preferred desk height remained
unaffected. We found evidence that wearing the HMD negatively
affects the neck posture at non-sedentary workplace desks. We
contribute with our findings and highlight the need for improving
the field-of-view and weight of HMDs for lower postural risk levels
at workplace desks in non-seated VR.

CCS CONCEPTS
• Human-centered computing → Virtual reality; Haptic devices;
Empirical studies in HCI.
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1

INTRODUCTION AND BACKGROUND

Standing is a body posture often taken by workers or gamers when
the surrounding area must to be comfortably reached with the
arms or when the legs cannot comfortably be placed [7, 31]. While
standing at workstations can have a small but statistically significant positive effect in terms of fasting blood glucose levels and the
body mass index (BMI) [29], it also reduces the risk for real postural injuries such as tendinosis, tension neck syndrome, and back
pain [14, 24, 33]. In addition to the health-related issues, personal
preferences in workplace comfort likely led to an increasing spread
of height-adjustable desks that also so allow standing in front of
the workstation [10, 28].
Height-adjustable desks are not only used for ergonomic reasons,
but also for various applications that need to alternate between
standing and sitting. Particularly in virtual reality (VR), there is
also an increasing number of applications that can only be used
effectively while standing, especially when interaction require a
larger space for tracking and to avoid collisions with the physical
environment [3]. Thus, for spatial and embodied interaction as well
as for consistent (full body) tracking in VR with head-mounted
displays (HMDs) the ability to stand and adjust the table height can
be crucial not only for improved ergonomics of workplaces, but
also for the optimal usage of such systems.
Since using VR applications and tracking that often requires
interaction that cannot be performed while seated, ergonomics of
height-adjustable desks are particularly important for users who
want to use such desks in VR. However, little is known about the
ergonomics of VR combined with work desks while standing. Particularly, while considering the phenomenon of distance underestimation in VR with HMDs [2, 13, 21], it is also important to understand
if there are differences in the preferred table height adjustments. As
more and more users are likely to spend more and more time with
immersive technologies, health issues as a result of bad ergonomics
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Figure 1: The real (a) and virtual (b) workplace desk conditions using a height-adjustable, physical desk. A virtual marker at the
front, right corner of the table was used to visualize the height-adjusting button. The participants started from the minimal
position of the desk (c) and were asked to adjust the table according to their preferred height. To ensure the participants were
satisfied, they could rest their arms/hands on the table (d).
are particularly important for long-term use of such technologies
and subject of ergonomics research.
The research in workplace ergonomics is not only focusing on
how to design optimal workplaces but also utilizes VR technology
to optimize and inform the user on ergonomic properties of their
furniture. For example, while Whitman et al. generally highlights
the external validity of VR for postural and ergonomic analysis [34],
Mayer et al. use VR applications to support users in learning how
to set up a work place ergonomically correct [19]. Similarly, to
improve ergonomic awareness and postural feedback for personal
desks, Lee et al. use real-time feedback in VR to adjust and design workstation configurations and designs [16]. Such information
can be beneficial when training self-actuated furniture for automatic adjustments of personalized workplaces [17]. The advantage
of such ergonomic workplaces is particularly evident in production and manufacturing industry where using VR technology is
used for ergonomically optimized workplaces and can increase the
efficiency and task completion time of workers on optimized workstations [27]. Moreover, Grajewski et al. [8] highlights that VR can
provide virtual prototypes in professional working environments
helping to build and evaluate prototypes without the risk of accidents while testing them. However, in comparing VR and real
world workplace researchers repeatedly conclude that there are
still some sensory and task-dependent differences mainly caused
by lacking congruence between vision and haptics [4, 8, 26].
Both in real world as well in the virtual reality, designing workplaces ergonomically correct based on objectively assessments is
crucial for workplace users. One well-established and validated
tool is the Rapid Upper Limb Assessment (RULA) developed by
Namwongsa et al. [20]. RULA can assess the ergonomic risk of
upper body postures at workplaces while standing. Compared to
other ergonomic assessment tools such as REBA [11] or the strain
index [22], RULA seems to be the most effective as an measurement
tool while assessing the postural risk of a person in non-sedentary
settings [32]. Moreover, RULA can be used to assess ergonomic risk
for tasks assembly plants or even for children’s workplaces [5, 6].
The tool has also made a significant contribution to the ergonomic
analysis of devices in human-computer interaction (HCI). For example, Namwongsa et al. investigated how the usage of mobile phones
increases the user’s postural ergonomic risk particularly due to

bad neck postures [23]. Researchers are currently also working
on the implementation of real-time analyzes based on the RULA
score for the direct visualizing of the postural ergonomics with
high development and system effort for posture correction and
training [1, 18].
With increasing importance of embodied and spatial interactions
in VR it is not only important to understand how users work or
play in simulated environments, but also to understand how the
postural ergonomics change due to co-located parts in the real
and virtual world – such as physical workplace desks [15]. In this
paper, we present the results of an experiment with 19 participants to investigate the effects of non-sedentary VR on the postural
risk level, workload, and preferred desk height. We compared our
measurements of users situated in the real and virtual world. We
contribute with our findings that postural risk can be increased
through wearing an HMD and highlight the need for improving the
device ergonomics such as the field-of-view (FoV) specifications for
lower postural risk levels at workplace desks in non-sedentary VR.

2

METHOD

To investigate the effects of wearing an HMD while being at a
non-seated virtual workplace, we conducted an experimental user
study with the Environment as the independent within-subject
variable comprising the levels real workplace and virtual workplace.
The factor implies the usage of an HMD with all its limitations and,
thus, is maybe not solely responsible for the manipulation. Using
a physical height-adjustable desk table, we measured the participants’ body height, their preferred desk height, the ergonomic and
postural influence on their body posture while standing, and their
perceived workload. Postural ergonomics were determined using
the RULA tool [20], which can only be determined while standing
at workplaces. We measured the angles of the necessary body parts
and determined the RULA sub-component scores (C, D) based on
angles of the lower and upper arm, wrist, shoulder, neck, trunk and
upper leg orientation [20]. The RULA score is based on postural angles, which have been measured using a digital goniometer to avoid
any biases. Final scores were assessed according to the original procedure worksheet [20]. The participants’ body size and the adjusted
desk height were measured with a laser distance meter. Perceived
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Figure 2: From left to right: Mean values of the RULA scores indicating the postural risk, the raw NASA-TLX, a custom item on
subjective ergonomics (rated from 1-7), and the table height measured as a function of subject height (in cm) in the real as well
as the virtual environment. RULA and NASA-TLX scores were in VR significantly higher. Subjective ergonomics was lower in
VR. Linear regression (right plot) showed an effect of subject height, but no effect of the environment on table height. Dashed
line indicates the overall means, dotted line show the recommended surface height for elbow placement [7]. All error bars
show 95 % confidence interval.
workload of standing at the workplace was assessed using the raw
NASA taskload index (NASA-TLX) [9] after each condition.
After providing informed consent, participants were introduced
with the functionality of the height-adjustable desk (580 - 1230
mm) and the HMD – an Oculus Quest 2 operating as a stand-alone
device and with 120Hz to prevent any motion sickness. The Oculus
Quest 2 has an FoV of 104.0° (horizontal) and 98.0° (vertical). Moreover, the device has currently the highest precision ( 0.06 mm) in
object tracking among off-the-shelf devices for room-scale VR [12].
Participants were surveyed for their demographics and if they had
any experiences with desk adjustable desks, VR and if they suffer
from any issues caused by bad body posture.
Before starting the experiment, the participants’ height was measured. In the virtual condition, the participants took on the VR
headset and were instructed as follows: "Adjust the preferred desk
height in a way to feel most comfortable in". To make sure the
participants were satisfied, they could rest their arms/hands on the
table. We used the Oculus Quest 2 wireless controllers to track and
display the virtual desk’s height adjustments using a virtual replica
of the desk in the Unity Game Engine. In the real condition, participants adjusted the desk without HMD. After the participants were
satisfied with the height they had set through themselves, the angle
measurements were taken by the experimenter. The procedure was
repeated three times. Desk height was then set to the minimum
level in order to ensure the same basis for the subsequent condition. After each condition, the participants were asked to remove
their hands from the table, filled in the NASA-TLX questionnaire
and three custom questions (1-7 point Likert item on how well the
height adjustment worked, the perceived comfort, and ergonomics),
and started with the next condition. The order of the conditions

were counter-balanced for each participant to avoid any carry-over
effects.
We recruited 19 participants (14 male, 5 female) via mailing lists
of our institution. The mean age of the participants was 23.15 years
(𝑆𝐷 = 1.80) ranging from 20 to 27 years. Students were compensated
with credit points for their participation. Eight participants stated
to have any previous experience with VR devices, three of them
owned an HMD. The average time of the participants spent at the
desk a week while sitting was 22.73 hours and 2.42 hours while
standing. Neck and back were the body parts for complaints, eight
of them reported having no bodily issues at all.

3 RESULTS
3.1 RULA Score
The RULA score has been calculated according to original work [20].
An increased score indicates an increased postural ergonomic risk.
Muscle and Force Load index of the RULA subcomponent remained
constant according to the RULA posture table (Step 12-14) as no
weight has been lifted. The average RULA score (see Figure 2)
of the participants at the real workplace was 𝑀 = 2.702, (𝑆𝐷 =
0.339) and of the virtual one 𝑀 = 2.93, (𝑆𝐷 = 0.492). ShapiroWilk’s normality tests indicated that the mean scores were normal
distributed (real: 𝑊 = .912, 𝑝 = .082, virtual: 𝑊 = .942, 𝑝 = .291). A
paired t-test revealed a statistically significant difference between
both conditions, 𝑡 (18) = −2.233, 𝑝 = .038, 𝑑 = 0.503 (medium
effect size). Thus, the RULA score and associated postural risk was
significantly higher in VR than in the real world.
The score consists of a number of individual angle measurements
that are subsequently mapped based on a look-up table and calculated into a score. Individual sub-scale scores from the RULA tool
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Table 1: Parameter estimates of the linear regression on the RULA score as outcome. Two coefficients (trunk and leg) could not
defined because of singularities. Variance of each parameter contributes to the variance of the score. While the partial-eta
square 𝜂 2 is associated with the partial variance of the predictors in percent, 𝜂𝑝2 and 𝜖𝑝2 are unbiased estimators of the variance.
Effect size estimates on the RULA score were highest for the neck assessments, which indicates that the neck mostly contributes
to the (negative) RULA scoring.
Factor

Standardized 𝛽

𝐹 (1, 33)

𝑝

𝜂2

𝜂𝑝2

𝜖𝑝2

Cohen’s 𝑓𝑝

0.481
0.149
0.658
0.962

70.174
29.701
127.784
39.419

<.001
<.001
<.001
<.001

0.233
0.098
0.425
0.131

0.680
0.473
0.794
0.544

0.670
0.457
0.788
0.530

1.458
0.948
1.967
1.092

Lower Arm
Upper Arm
Neck
Leg
are not foreseen from the original work for a deeper analysis, however, we were interested in which of the components contributed to
the increased risk scores through the behavior of the participants
without considering the environment as factor. Therefore, we performed a linear regression analysis using the RULA score as the
dependent variable and the sub-scores as predictors. The regression
2
equation was significant, 𝑅 2 = .89, 𝑅𝐴𝑑
= .876, 𝐹 (4, 33) = 66.77,
𝑗
𝑝 < .001. All parameter and effect size estimates can be found in
Table 1. The results indicate that the sub-scores of the neck assessments showed the highest effect sizes. As no weights were lifted
during the experiment, legs and trunk were consistently assessed
by similar sub-scores. Thus, these findings cannot be generalized
to other situations, but they indicate that neck negatively affected
the RULA score in our experiment.

3.2

Raw NASA-TLX Score

The NASA-TLX score (see Figure 2) of the participants at the real
workplace was 𝑀 = 22.123, (𝑆𝐷 = 6.853) and of the virtual one 𝑀 =
23.596, (𝑆𝐷 = 7.163). Shapiro-Wilk’s normality tests indicated that
the mean scores were normal distributed (real: 𝑊 = .965, 𝑝 = .683,
virtual: 𝑊 = .967, 𝑝 = .722). A paired t-test revealed a statistically
significant difference between both conditions, 𝑡 (18) = −2.455,
𝑝 = .024, 𝑑 = 0.208 (small effect size). Thus, the TLX score was
significantly higher in VR than in the real world.
We also looked into the individual NASA-TLX subscales. There
was no significant difference between the ratings of mental effort,
physical demand, temporal demand, and frustration (all with 𝑝 >
.078 and 𝑑 < 0.129, with negligible effect sizes). Only the effort
subscale showed significant effects, 𝑍 = 0, 𝑝 = .004, 𝑑 = 0.472
(small) between the ratings of the real workplace (𝑀 = 1.842, 𝑆𝐷 =
0.781) and the virtual one (𝑀 = 2.386, 𝑆𝐷 = 1.193).

3.3

Physical Workplace Desk Height

The subjects’ average height was 𝑀 = 177.84 𝑐𝑚, (𝑆𝐷 = 7.85). The
average table height on the real workplace was 𝑀 = 112.44 𝑐𝑚,
(𝑆𝐷 = 4.68) and the average virtual table height 𝑀 = 112.15 𝑐𝑚,
(𝑆𝐷 = 4.52). The average relative difference between height of the
participants and the real table was 𝑀 = 65.4 𝑐𝑚, (𝑆𝐷 = 4.93) and
the virtual one was 𝑀 = 65.69 𝑐𝑚, (𝑆𝐷 = 5.56). A paired t-test
could not reveal any statistically significant difference between
the relative subject-table difference, 𝑡 (18) = −0.771, 𝑝 = .450,
𝑑 = 0.062 (negligible effect size). A linear regression equation with
table height as a function of body height and the environment was

2
significant, 𝑅 2 = .585, 𝑅𝐴𝑑
= .561, 𝐹 (2, 35) = 24.69, 𝑝 < .001. An
𝑗
general linear model could reveal a significant effect of body height,
𝐹 (1, 35) = 49.29, 𝑝 < .001, however, not of environment, 𝐹 (1, 35) =
0.09, 𝑝 = .77. The model indicates that body height is a good
predictor (𝛽 = .448, 𝑝 < .001) while the categorical environment
does not significantly predict any variance of workplace desk height
(𝛽 = −.289, 𝑝 = .768). As the environment had no effect, we also
determined the final regression equation ignoring the real and
2
virtual space, 𝑅 2 = .584, 𝑅𝐴𝑑
= .572, 𝐹 (1, 36) = 50.57, 𝑝 < .001,
𝑗
with 𝑓 (𝑥) = 0.448𝑥 + 32.621.
We also analyzed the absolute desk heights (see Figure 2). Wilcoxon
signed rank test with continuity correction was performed on the
absolute height of the desk as the assumption on normality has been
violated (real: 𝑊 = 0.886, 𝑝 = .027, virtual: 𝑊 = 0.864, 𝑝 = .011)
but the differences between the real (𝑀 = 112.44, 𝑆𝐷 = 4.68) and
virtual (𝑀 = 112.15, 𝑆𝐷 = 4.52) workplace were not significant,
𝑍 = 136.5, 𝑝 = .099, 𝑑 = 0.051. Statistical power sample estimate to
find a significant effect at 80 % is 𝑁 = 1990.

3.4

Custom Questions

After each condition, we also asked participants three custom questions to subjectively assess the perceived easiness, comfort, and
ergonomics of changing the desk height in the real and virtual
workplace respectively. No control items were used. The items
were analyzed using Wilcoxon signed rank tests. There was no
effect on the item how well the participants could adjust the height
in real (𝑀 = 7,𝑆𝐷 = 0) or virtual (𝑀 = 6.421,𝑆𝐷 = 0.769), 𝑍 = 25.5,
𝑝 < .305, 𝑑 = 0.245 (small effect size). However, we found a significant difference between the subjective perceived comfort of the real
(𝑀 = 6.474, 𝑆𝐷 = 0.841) and virtual (𝑀 = 6.263, 𝑆𝐷 = 0.872) workplace, 𝑍 = 36, 𝑝 = .011, 𝑑 = 1.065 (large effect size). We also found
a significant difference on the subjective assessment of perceived
ergonomics (see Figure 2) between the real (𝑀 = 6.368, 𝑆𝐷 = 0.765)
and virtual (𝑀 = 5.842, 𝑆𝐷 = 0.765) workplace desks, 𝑍 = 64.5,
𝑝 = .041, 𝑑 = 0.689 (medium effect size).

4

DISCUSSION

In this work, we investigated the effect of an VR HMD on the
postural ergonomics on 19 participants while standing at a real and
virtual workplace desk. As VR headset we used the Oculus Quest 2
with an FoV of 104.0° (horizontal) and 98.0° (vertical). The results
indicate that wearing the HMD negatively influences the objective
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measures of the RULA score and subjective scales of workload
(TLX) and the perceived ergonomics (custom questions). We found
evidence that while using the HMD while standing, particularly
the neck posture at workplace desks was negatively affected. Due
to the limited FoV, we assume that the user is not able to see the
complete surrounding without bowing and angling the neck into
a less ergonomic position – leading to a worse ergonomic score.
The questions of the workload are task-related and our task for the
participants was to set the table until they stand comfortably. Thus,
it can be assumed that the significant difference of the effort rating
is related to both parts of the procedure (adjusting and standing
comfortably). Based on the results we conclude that wearing an VR
HMD increases postural risk due to bad neck postures, which are
likely be caused by the limited FoV of the HMD - or even the HMD
itself.
As wearing the HMD had no effect on the average table heights,
we determined the general linear relationship directly between
height of the participants and the preferred desk height with 𝑓 (𝑥) =
0.448𝑥 + 32.621. The equation can be used (and further refined) to
predict the preferred desk height for workplaces that can be situated
in the real as well as in a virtual world. We further contribute with
the finding that the postural ergonomics for VR HMD must be
improved in order to reduce the risk of suffering from postural
damage during long-term use. This can happen by enlarging the
FoV to match the natural human vision and/or by using noticeably
lighter headsets to not adversely affect the neck. The limitations of
the FoV can be tested, for example, by using a VR headset with a
much larger FoV – for example the Pimax Vision 8k X offering an
FoV of 200° [25], which approximately matches the human’s angle
of view.
Interestingly, there was no difference between the preferred
physical desk heights in the real world and in VR. The finding that
the table height does not change significantly can be explained by
the procedure in which the participants have adjusted the table
based on their body size just by using the haptic feedback when
leaning towards the table and did rather not on the visual signal,
which is interesting as previous work found that people rather underestimate distances in VR while using HMDs [2, 13, 21]. A study
without visual feedback could support the assumption that haptics
are in this case the more reliable cue (c.f. [30]). We particularly want
to point out that our study is not able to differentiate between the
effects of wearing an HMD and seeing the VR environment (e.g.,
with a limited FoV). Moreover, the drawn sample with a homogeneous group of students (no children, adolescents, or elderly) limits
the generalizability of the results considering a wider population.
Thus, more research is needed to understand if the effect on bad
postural (neck) ergonomics is rather caused by the weight (or the
presence) an HMD, its limited FoV, or other factors such as weight
or weight balance. It should also be noted that the risk can change
due to the tasks that typically occur at a workplace (assembling,
manufacturing, typing, writing, etc.) that should be considered by
future work. The problem might be worse in AR when the FoV
is even more limited. Another subject of future research could to
present and design visual content in VR in a way that balances or
rule out the postural risk in a positive way. This could finally help
HMD manufacturers to reduce the postural risk of the users while
wearing head-mounted devices.
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