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This study explored the impact of task workload on virtual reality (VR)

cybersickness. Cybersickness is a negative side effect of using VR to which

many users are susceptible. Previous research on the impact on task workload

on cybersickness has yielded no consistent relationships, but given that task

workload requires attentional resources, it is worth further investigation of how

a demand on attention might increase or decrease cybersickness. In this study,

mental workload of participants (N = 151) was modified in three different task

groups within the same virtual environment (VE). The Cybersickness Corn Maze

VR testbed contained cybersickness-inducing stimuli and tasks with varying

workload. The 0-Back group used a controller to select an object as a visual

attention task. The 2-Back group performed the 2-Back memory detection

task, using a controller to collect objects thatmatched the object presented two

objects ago. The No-Task group passively moved through the environment and

was not given a controller. Workload, cybersickness, dropout rate, presence,

and task accuracy were compared across groups. Workload was found to be

statistically significantly different in each group: highest in the 2-Back group,

medium in the 0-Back group, and lowest in the No-Task group, validating the

task design. Cybersickness in the 2-Back group was significantly higher than in

the No-Task (140% higher) and 0-Back (54% higher) groups measured by the

change in simulator sickness questionnaire (SSQ) total severity (Post SSQ - Pre

SSQ). The rate of participants’ dropout due to cybersickness was significantly

higher in 2-back (33%) as compared with 0-Back (10%), but 0-Back and No-

Task dropout rates were not significantly different. These results indicate that 1)

task workload affects cybersickness and 2) its effect could be based on a

threshold of workload. Presence increased with the addition of a task but

plateaued between the 0-Back and 2-Back groups, suggesting that presence

can be affected by task workload but only to a certain extent. Task accuracy was

shown to negatively correlate with cybersickness within the task groups. A

relationship between workload and cybersickness was found and warrants

further research into these concepts. This work highlights the need for task

workload and attention to be studied as components of the mechanisms

underlying cybersickness.
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Introduction

Cybersickness is the physical discomfort that can arise from

virtual reality (VR) experiences, and it presents a barrier to the

wide acceptance of the technology (Stanney et al., 2020). Because

VR is used in a variety of industries including training, medicine,

architecture, astronomy, data handling, teleoperation and

entertainment (Kolasinski, 1995; Stanney et al., 2020),

addressing cybersickness is critical. Cybersickness is similar to,

but not the same as, motion sickness. Cybersickness occurs in a

VR headset, usually while the user is stationary, while motion

sickness stems from physical motion of the person.

Cybersickness symptoms include stomach discomfort (e.g.,

burping, stomach awareness, salivation), oculomotor issues

(e.g., headache, eyestrain, difficulty focusing, blurred vision),

and general disorientation (e.g., dizziness, vertigo) (Stanney

and Kennedy, 1997).

Researchers studying cybersickness have sought to

understand its causes (Keshavarz et al., 2014; Chang et al.,

2020; Stanney et al., 2020), develop measurement instruments

(Davis et al., 2014; Chang et al., 2020), and identify possible

mitigations (Kim et al., 2008; Nie et al., 2019; Jasper et al., 2020).

However, existing research on causes of cybersickness frequently

focuses on the hardware systems, e.g., latency or field of view, or

on the dynamics of the imagery, e.g., with VR games rated

Comfortable, Moderate, and Intense by Oculus (Fernandes

and Feiner, 2016). While these factors are important, less

research has focused on the impact of the user’s task and its

associated mental workload on cybersickness. If this relationship

were better understood, perhaps VR experiences could be

designed with tasks that would effectively prevent users from

becoming sick.

Tasks, workload, and cybersickness

Tasks within VR provide context and purpose to a virtual

experience. Previous literature has denoted the potential impact

of tasks on cybersickness (Barrett, 2004; Chang et al., 2020). Two

major characteristics of tasks have been investigated: duration

and controllability (Chang et al., 2020). Duration of tasks is

related to the amount of time users spend in the virtual

environment, where longer exposures were found to produce

more symptoms of cybersickness (Kennedy et al., 2000).

Controllability can range between the user having no control

(i.e., a passive experience) or active control within the

environment (Stanney and Hash, 1998; Chen et al., 2011;

Mittelstaedt et al., 2018; Farmani and Teather, 2020). Passive

experiences have been found to induce more cybersickness than

active experiences.

However, it can be argued that duration and controllability

of a task have actually little to do with the nature of the task and

its workload. The research about duration of VR exposure and

cybersickness is usually independent of the task. Controllability

could affect cybersickness by giving the user more ability to

predict the outcomes of their actions or by simply engaging the

user in a task vs requiring no task, but does not offer insight into

how the workload of the task would affect cybersickness.

Overall, the mechanism of how a task might affect

cybersickness is unclear. Is it that the task requires attention,

and the user therefore has fewer attentional resources to process

cybersickness-inducing perceptual cues, per a model like

Wickens et al.’s (2021) human information processing

model? Or perhaps having a task increases users’ motivation

or presence, which somehow overrides feelings of

cybersickness? An engaging task may distract the user from

the symptoms of cybersickness, similar to the use of VR as a

pain management tool (Pourmand et al., 2018). Also, previous

research showed that video games served as a nausea-reducing

distraction for chemotherapy patients (Redd et al., 1987), and a

cognitive task reduced motion sickness in participants being

spun off-axis (Bos, 2015). Though these studies focused on a

different type of sickness, the effectiveness of the distraction

approaches suggest that adding a task may reduce

cybersickness. However, one study more closely aligned with

the present one, trying to distract participants from

cybersickness with a video-game like task (Zhou et al.,

2019), found no significant results.

Alternatively, per the information processing model, one

might expect that if managing cybersickness is a task that

requires attention itself, perhaps filtering out sickness-

triggering visual inputs to maintain health or using attention

to ignore sickness symptoms, then adding an additional task may

reduce attentional resources available to maintain health, leading

to greater cybersickness.

One way to measure the impact of a task is through overall

workload, which is the total cognitive workload associated with a

task, considering all potential sources and components (Hart and

Staveland, 1988). Workload has several contributing factors: the

task requirements, the circumstances under which tasks are

performed (e.g., time-pressure), and the skills, behaviors, and

perceptions of the operator (Hart and Staveland, 1988). There are

several approaches to measure workload, such as the Bedford

workload scale (Roscoe and Ellis, 1990) and the Instantaneous

Self-Assessment (ISA) (Tattersall and Foord, 1996). The NASA-

TLX, used in this study, is a self-report survey with subscales

mental demand, physical demand, frustration, performance,

temporal demand, and effort (Hart and Staveland, 1988).

Some research investigating a possible link between workload

and cybersickness has been done. Meusel (2014), using an earlier
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instantiation of the Cybersickness Corn Maze, identified a

positive correlation between mental workload and

cybersickness. Park Jung, 2020, working with nursing students

using a 360° immersive video trainer, and Venkatakrishnan et al.

(2020) using a driving simulator, corroborated this positive

correlation. However, Milleville-Pennel and Charron (2015),

also using a driving simulator, found conflicting results that

showed mental workload had a very low impact on sickness.

Souchet et al. (2021) conducted a literature review of papers

related to VR and cognitive load and suggest that cognitive load

can be affected by cybersickness, but they do not suggest a

specific relationship. Wei et al., 2018 showed that participants

who were less susceptible to visually-induced motion sickness

(VIMS, which includes cybersickness and simulator sickness)

performed better at a task and posited the reallocation of

attention during vection (i.e., perceived illusory self-motion)

as a possible explanation. Varmaghani et al. (2021) speculated

about the reduction of spatial ability and attention and those

factors’ impact on cybersickness, but found no significant

correlations between cognitive performance and cybersickness.

Based on these mixed results, the authors recommend that task

workload be measured by default in future cybersickness studies,

as recommended Gilbert et al. (2021).

Presence in VR and cybersickness

Presence is the experience of “being there” within the virtual

environment (Slater, 2003). There has been some confusion

between the ideas of presence and immersion. Slater (2003)

discusses the two terms and identifies immersion as what the

technology delivers from an objective hardware point of view,

which is identical across users. Slater (2003) then defines

presence as the human reaction to immersion, which may

vary between individuals.

A strong feeling of presence may help users fully engage

themselves within a VR environment, which could

potentially affect cybersickness. Weech et al.’s (2019)

review on presence showed a consistently negative

relationship between presence and cybersickness, such

that users who perceived a greater presence in virtual

environments experienced less sickness. Studies have

shown this relationship to exist in different VR contexts

such as nursing (Servotte et al., 2020), driving simulators

(Venkatakrishnan et al., 2020) or older adult research

(Dilanchian et al., 2021). However, not all studies concur.

Melo et al. (2021) evaluated the effect of different types of

roles within a VR experience and showed that participants

with the most control and ability to explore within a game-

like tasks experienced the highest levels of both presence and

cybersickness.

Loading VR participants with a complex task may make

them more likely to drop out of an uncomfortable

experience, or it may increase their presence in the virtual

environment, which has been shown to negatively correlate

with cybersickness (Weech et al., 2019), thus keeping them

engaged for longer. This study experimentally manipulated

task workload to evaluate the effect of workload on presence

and cybersickness.

Measuring cybersickness

In early iterations of simulators, participants who

experienced motion sickness symptoms without physically

moving were deemed to be simulator sick. Cybersickness, a

close relative of simulator sickness, is also caused by a visual

experience that is typically not associated with physical

movement. Simulator sickness and cybersickness slightly differ

in that cybersickness focuses on symptoms caused by using a VR

headset or head-mounted display (HMD) and have been

characterized by a subset of simulator sickness symptoms.

Simulator sickness has been shown to have relationships with

the following mental factors: previous experience with a real-

world version of the task being simulated, mental rotation ability,

degree of control, duration, among many other non-mental

factors (Kolasinski, 1995). Cybersickness’ relationship to

simulator sickness indicates the importance of mental factors

when considering the causes of cybersickness. Also, its close

relationship has led many researchers to use the SSQ, a measure

of simulator sickness, to measure cybersickness.

Chang et al. (2020) reviewed 77 experimental studies and

showed that the most widely used subjective measurement was

the simulator sickness questionnaire (SSQ). The SSQ was

developed based on the motion sickness questionnaire (MSQ)

and verified with a series of factor analyses. Kennedy et al.’s

(1993) SSQ has 16 items across three subscales (nausea,

oculomotor, and disorientation) with answers from 0 to

3 related to participant sickness symptoms. A higher SSQ

score in VR studies indicates the participant experienced more

severe cybersickness. Other measures exist, but SSQ was chosen

in this study because of its widespread acceptance (Stanney et al.,

2020) and ability to capture the range of sickness symptoms.

Four hypotheses

This study includes the following four hypotheses. The first

hypothesis suggests that increasing task workload will increase

presence. This hypothesis is related to work from Dilanchian

et al., 2021 that captured involvement and presence measures but

did not draw specific conclusions about the relationship between

them. This work predicts that as participants are given a higher

task workload, they will experience more presence due to greater

engagement in the VE. H1: Increased task workload will

correspond to higher perceived presence.
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The second hypothesis follows from previous work (Weech

et al., 2019) that showed a negative relationship between presence

and cybersickness: Participants with greater perceived presence

in an environment felt less sick. H2: Presence will negatively

correlate with cybersickness.

The third hypothesis builds on H1 and H2. Engagement in a

VR task is expected to increase workload compared with a no-

task control condition. Higher workload is hypothesized to cause

greater presence (H1), which would then lead to lower sickness in

the higher workload condition (H2). H3: Participants given a VR

task will show higher levels of workload, presence, and lower

levels of cybersickness than participants without a task.

Task performance is expected to follow an analogous bell-

shaped trend to the Yerkes-Dodson Law (Cohen, 2011), which

notes that an increase in arousal (or in this case, workload) will

lead to an increase in task performance until the arousal

(workload) becomes too high and inhibits performance. Also,

cybersickness is expected to be negatively correlated with task

performance. In a study of the impact of cybersickness on

reaction time tests (Nalivaiko et al., 2015), higher nausea was

associated with longer (worse) reaction times. H4: Performance

in a game-based VR task will be negatively correlated with

cybersickness.

Materials and methods

Participants

The participant sample included 153 people (54 females,

94 males, three either non-binary or transgender, two prefer not

to answer). Participants were at least 18 years old (M = 25.0, SD =

9.5), fluent in English, had normal or corrected to normal vision,

and had no history of photosensitive seizure disorders.

Participants were compensated with a $10 e-gift card.

Task overview

Participants were passively navigated through the

Cybersickness Corn Maze, a maze designed to induce

cybersickness and present users with tasks of varying

workload (https://github.com/isuvrac/CyberSickness-

Cornmaze). The maze was a re-creation of a maze that was

previously used to study the effects of a hand-eye coordination

task on mitigating visually induced motion sickness (Meusel,

2014; Curtis et al., 2015). The sections of the maze were created

based on tasks from the Virtual Environment Performance

Assessment Battery (VEPAB; Lampton et al., 1994). The main

structure of the maze was based on the “Turns” task, which

consisted of many left and right 90° turns. This task was used by

Meusel (2014) and Curtis et al. (2015) to induce sickness in

participants. Other components were included in the maze to

further induce sickness such as trampolines, optokinetic drums,

nondescript ramps, and a spiral slide, which provide rotational

and translational scene oscillations (O’Hanlon and McCauley,

1974; So and Lo, 1998). For this study, the maze was recreated

with 3D corn plants, which differed from the original corn maze

that had images of corn mapped onto walls.

Participants experienced the maze by progressing through

turns and movements automatically (i.e., passively). Movement

speed accelerated along straightaways up to 13 m/s and

abruptly decreased to 0 m/s prior to each turn. Angular

velocity during turns accelerated from 0 rpm (revolutions/

minute) to 1 rpm. Throughout the maze, different animals

appeared at 3-s intervals. These animals were used for the

workload tasks that are explained below. The maze took

approximately 7 min to complete one lap, and participants

completed two laps during the study, for a total of 14 min of

exposure (or less if they chose to exit the maze earlier). A top-

down view of the maze, which consisted of two levels in order to

include a downhill slide, can be seen in Figure 1. A view from

within the maze is shown in Figure 2. Videos of the experiences

had by each task group can be found in Supplementary

Materials. This study was carried out in accordance with the

Institutional Review Board of Iowa State University (protocol

21–345). All subjects gave written informed consent in

accordance with the Declaration of Helsinki.

Independent variable (IV)

Task load group was the IV. Participants were randomly assigned

to one of three task load groups: 0-Back, 2-Back, and No-Task. In all

three groups, animals appeared at 119 possible locations throughout

the maze. There were three types of animals: skunks, cows, and pigs.

Participants in the 0-Back group were tasked with “collecting” skunks

by pointing and clickingwith a controller on every skunk. Participants

in the 2-Back group were required to remember the order of animals

that they saw and only collect (click) an animal if it was identical to the

one presented two animals back. The participants in both task groups

were given a controller for their dominant hand to point and collect

animals by using the back trigger (pulled with trigger finger).

Immediate auditory feedback was provided to participants via a

negative sound on errors and a positive sound on correct animal

clicks. The No-Task group served as a control. Participants in this

group passively watched the maze experience with no controller.

Animals were still present to ensure they received the same visual

stimulus experience in the maze as the other two groups, but

participants were not able to interact with the animals. The

sequence of animals was randomized separately for each

participant, with each potential location having equal odds (1/

3 chance) of being any of the three animals (skunk, cow, pig). The

likelihood of any animal being a correct 2-back target was also 1/3,

since for any given animal type two animals back, the current animal

had a 1/3 change of matching it. Task load was manipulated between
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participants to prevent potential carryover effects of cybersickness

symptoms across groups.

Dependent variables (DVs)

The primary DVs collected in this study were cybersickness,

workload, immersion, and task performance (see Table 1). For

cybersickness, SSQ scores were measured pre- and post-exposure

to the VR environment. The SSQ survey was administered via

16 Likert scaled questions (ranging from 0 (no symptoms) to 3

(severe symptoms)) on a computer to determine how sick a

participant was feeling (Kennedy et al., 1993). The SSQ total

severity (TS) score was used in further analysis and was

calculated per the original survey authors’ calculations. SSQ

TS Δ (change from Post–Pre) was used as the final dependent

variable. The pre-exposure SSQ (pre-SSQ) was administered

early in the pre-survey to reduce potential priming (Tversky

and Kahneman, 1973). The SSQ was administered again after the

Maze Exposure phase (post-SSQ). In addition to SSQ, attrition

rate (dropouts) of participants was also used as a measure of

cybersickness.

The NASA-TLX (Hart and Staveland, 1988) was

administered to participants upon completion of the maze.

The six questions consider mental demand, physical demand,

temporal demand, effort, performance, and frustration. The

questions assess workload on a 21-point scale varying from

very low (1) to very high (21) or perfect (1) to failure (21) for

FIGURE 1
Top portion of the Cybersickness CornMaze (A) and bottomportion of themaze (B). Participants began in the bottom right of the top portion at
START and progressed through the maze until reaching DOWN to▽, where they descended to the lower portion via the diagonal ramp. Participants
travelled through the bottom portion of the maze until they experienced a dark grey spiral slide that put them briefly on a small even lower level,
before ascending on an escalator ramp to the brown box, which then teleported them back to START.
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performance. Total workload was calculated by adding the

subscale scores. No weighting procedure was used to aggregate

TLX scores (Moroney et al., 1992).

Additionally, an immersion questionnaire (Jennett et al.,

2008) was collected to have a quantitative measure of

participants’ immersion in the VE, with four-point Likert

scaled questions. A final score was calculated by summing

up the Likert responses, with questions 6, 8, 10, and 18 being

reverse coded, with a min-max scoring range of 31–155.

The pre-survey included a question gauging participants’

amount of experience in VR in case that served as a

moderating variable for the DVs: How often do you

typically use a VR headset? (Daily, Several times a week,

Once or twice a week, Once or twice a month, Once every

few months, Never).

Task performance was calculated for the 0-Back and 2-Back

groups, where errors included incorrect animals clicked (Type I

error) and failing to click animals that were supposed to be

clicked (Type II error). Overall accuracy in the task was

calculated as the number of correct responses divided by the

total possible responses ((total trials - total errors)/total trials),

with a minimum of zero and maximum of one, where “trial”

means the appearance of an animal. There were 238 possible

trials across two laps of the maze (119 per lap), or fewer if

participants dropped out, and thus performance was not

penalized for stopping early. Misclicks were also tallied if a

participant clicked in the scene but not on an animal. The

Cybersickness Corn Maze software automatically calculated

FIGURE 2
Screenshot of Cybersickness Corn Maze showing a cow that
might need to be clicked.

TABLE 1 Dependent variables.

Construct Metric Data Acquisition Variable type (Range)

Cybersickness SSQ TS Δ Change in total SSQ (all three scales) between Post- and Pre-Exposure
Questionnaires

Continuous (0–235.62)

Cybersickness Dropouts Cybersickness Corn Maze software log Boolean (True/False)

Immersion Total Immersion Score Post-Exposure Questionnaire Continuous (31–155)

Mental workload NASA-TLX Post-Exposure Questionnaire Continuous (0–21) overall; integer per
subscale

Task
Performance

Accuracy Cybersickness Corn Maze software log Percentage (0–100%), Maximum of
238 Trials

Task
Performance

Errors (Type I and
Type II)

Cybersickness Corn Maze software log Percentage (0–100%), Maximum of
238 Trials

Task
Performance

Misclicks Cybersickness Corn Maze software log Integer (0-Infinite)

FIGURE 3
The between-subjects study procedure.
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the performance of each participant and outputted data to a.csv

file for later analysis.

Procedure

Experimenters observed participants from a nearby desk to

ensure participants attended to the maze. The study had four

main phases: pre-exposure, training, maze exposure, and post-

exposure, as shown in Figure 3.

Pre-exposure and hardware
Upon arrival at the lab, participants first completed the

informed consent form, followed by the pre-exposure surveys.

After completing the pre-surveys, the participants were set up

in the VR HMD, an Oculus Quest 1. This model was selected

due to the greater stability provided by the head mounts than

the Quest 2. The Quest 1 was linked to a PC running Windows

10 with a NVIDIA GeForce RTX 2060 SUPER graphics card.

The experimenter measured the participant’s IPD with a ruler

or the EyeMeasure phone app (https://apps.apple.com/us/

app/eyemeasure/id1417435049). After getting the

participant’s measurements, the experimenter calibrated the

headset IPD setting to match the participant’s IPD. The

headset was then given to the participant for them to put

on while seated. The experimenter helped fit the HMD to the

participant’s head properly to ensure no wobbling or

undesired HMD movement during the study.

Training
The participants were then shown instructions within the VR

headset and were read instructions aloud to ensure they

understood the task. After verifying the participant

understood the instructions, the VR training started. This

training involved no locomotion through the environment,

though the participant did turn their head. While the

participant remained in one place within the VE, animals

appeared at 20 different locations in front of the player and

allowed the player to target them with a laser pointer coming out

of the controller and collect them by pulling the trigger on the

controller if in the 0-Back or 2-Back groups. The No Task

participants also experienced the appearance of animals but

just observed. This VR training took less than 2 min.

Participants were then asked if they had any questions before

advancing to the maze. Note that participants in the 2-Back

group, before their VR training began, experienced a 3–5 min

non-VR training session on the concept of the 2-Back task using

the website: https://www.psytoolkit.org/experiment-library/

experiment_touch_nback2.html.

Maze exposure
After completion of the training, the maze was started for

the participants. The participants were moved through the

maze experience with a pig, cow, or skunk appearing at a new

location in front of them every 3 seconds. Periodically an

animal appeared just around a corner, so exposure time was

slightly reduced but still greater than 2 s. This variation of

corner appearance, however, was identical for all participants,

since all participants experienced the same animal appearance

locations. Depending on the group, the participants had to

point and collect animals throughout the maze, with the

exception of the “No Task” group. Locomotion through the

maze consisted of an uncontrolled roller coaster-like

experience for up to 15 min. Participants were reminded

prior to the experience that they could stop any time by

removing the HMD, but that once the participant removed

the HMD, they could not return to the maze.

Post-exposure
After the participant removed themselves or completed the

entire maze, they were then asked if they needed water or time to

recover with an option to lie down on a nearby couch. After maze

completion or recovery, participants returned to the same survey

computer they used during Pre-Exposure. The participants filled

out post-surveys including: a post-SSQ, an immersion

questionnaire, and the NASA-TLX. Upon completion of the

surveys, the participants were cleared to leave if they were

feeling comfortable. Their $10 e-gift card was then emailed

to them.

Predictions

Per H1, increased task workload is expected to correlate with

higher perceived presence. Previous work (Weech et al., 2019;

Servotte et al., 2020) showed that increases in presence can

reduce cybersickness experienced. Thus, an inverse

relationship between presence and cybersickness is expected as

stated in H2. Per H3, the No-Task group is expected to have the

lowest perceived mental demand, temporal demand, effort and

frustration, with the 0-Back group having more, and the 2-Back

group having the most. The group that is predicted to have the

most sickness is the No-Task group, with the other task groups

showing less sickness. Previous work offers mixed results on the

effect of mental workload on cybersickness, but in this study the

complexity of the task is expected to distract participants from

cybersickness-inducing virtual effects. Per H4, performance

among participants is expected to be negatively correlated

with sickness, such that higher performing individuals in the
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task group are expected to have a lesser experience of sickness

symptoms. This expectation is due to the potential increased

difficulty of the task if a participant is experiencing sickness

symptoms. It is also expected that participants who are

performing better are more immersed into the environment

and the task, which has previously been shown to reduce

cybersickness (Servotte et al., 2020).

Results

Data analysis

A one-way ANOVA exploring the effect of task group was

performed on the measures for cybersickness, workload,

presence, and performance. Post hoc analyses using the

Scheffé post hoc criterion for significance was used to

determine the significance between task groups. Effect sizes

for each comparison were measured using η2, for which

0.02 is considered a small effect, 0.13 is a medium effect, and

0.26 is a large effect (Cohen, 1988). Levene’s test of equality of

variances was used to determine homogeneity of variance.

Shapiro-Wilk test for normality was also used.

All assumptions of the ANOVA were met (continuous

variables, categorical groups, independence of observations,

outliers, normality (except for the SSQ TS Δ), and

homogeneity of variance (except for the presence score

and the SSQ TS Δ). It was noted that these violations

were not a concern in the current study because the

sample size in each group is similar (Laerd Statistics,

2017). Statistics for main effects and pairwise comparisons

are described below.

The relationships between workload, presence, and

cybersickness were evaluated using Pearson’s correlations. Some

statistical analyses below have fewer participants than the totalN =

153 due to participants not answering all survey questions.

Because the procedure allowed participants to recover before

completing the post-SSQ, it is worth noting that the average

recovery time was 0.53 min, with only 11 participants requiring

more than 2.0 min of recovery. This recovery time could have

affected results by lowering the post-SSQ score for some

participants, but the authors felt this effect would not be large

given the larger sample size.

Cybersickness by task group

Boxplots showing the data from each group are shown in

Figure 4. The SSQ TS Δ was significantly different between the

three groups F(2,147) = 9.41, p < 0.001, η2 = 0.11. The No-Task

group (M = 24.7, SD = 27.5, n = 49) and the 0-Back group (M =

38.3, SD = 42.5, n = 51) were not significantly different (a mean

FIGURE 4
Boxplots of SSQ TS Δ by Group. * = significant difference at a p < 0.05 level; ** = significant difference at a p < 0.01 level.
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difference of 13.6, 95% CI [−6.1, 33.3]). The 2-Back group (M =

59.1, SD = 46.6, n = 50) had significantly higher cybersickness than

the No-Task group, with a mean difference of 34.4, 95% CI [14.7,

54.2] that was significant at p = 0.001. The 2-Back group also

reported significantly higher cybersickness than the 0-Back group,

with a mean difference of 20.8, 95% CI [1.2, 40.4] at p = 0.034.

FIGURE 5
Dropout Rate by Group: the percent of participants who did not finish both laps of the Corn Maze. * = significant difference at a p < 0.05 level.

FIGURE 6
Boxplots of Presence scores by Group; ** = significant difference at a p < 0.01 level.
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Cybersickness dropout rates

During the study, participants were informed that if they felt too

sick or uncomfortable to continue, they could permanently stop at

any time. The percentage of dropouts (# of early stoppages/# of

participants) are reported in Figure 5 for theNo-Task (19%, 9/47), 0-

Back (10%, 5/49), and 2-Back (33%, 17/51) groups. A chi-square test

of homogeneity was conducted between group and early dropout

(true/false) and found a statistically significant difference in

proportions across the three groups, p = 0.017. Post hoc analysis

involved pairwise comparisons using the z-test of two proportions

with a Bonferroni correction. The percentage of dropouts in the 2-

Back group was statistically significantly higher than the percentage

of dropouts in the 0-Back group, p < 0.05. The differences between

the No-Task group dropout percentage and the other groups were

not statistically significantly different, p > 0.05.

Presence by task group

Boxplots comparing presence scores by group are shown in

Figure 6. The presencemeasure was statistically significantly different

for the different groups evaluated in this study, F(2,146) = 29.25, p <

0.001, η2 = 0.33. The 0-Back group (M = 67.2, SD = 12.7, n = 51)

reported significantly higher levels of presence compared to the No-

Task group (M = 46.3, SD = 18.6, n = 49) with a mean difference of

20.9, 95% CI [12.9, 28.9] at p = 0.001. The 2-Back group (M = 68.3,

SD = 16.6, n = 49) then had higher presence than the No-Task group

with a mean difference of 22.1, 95% CI [14.0, 30.1] at p = 0.001. The

0-Back and 2-Back groups were not significantly different (a mean

difference of 1.2, 95% CI [−6.8, 9.1]).

Workload by task group

Workload by group is shown in Figure 7. Workload was

statistically different for the groups F(2,136) = 67.25, p < 0.001,

η2 = 0.50. The 0-Back group (M = 6.9, SD = 2.6, n = 50) indicated

significantly higher workload than the No-Task group (M = 3.4,

SD = 3.0, n = 42) with a mean difference of 3.5, 95% CI [2.0, 5.0],

significant at p = 0.001. The 2-Back group (M = 10.7, SD = 3.3, n =

47) indicated significantly higher workload than the 0-Back

group, with a mean difference of 3.8, 95% CI [2.3, 5.3]

significant at p = 0.001. The 2-Back group also indicated

significantly higher workload than the No-Task group with a

mean difference of 7.3, 95% CI [5.7, 8.8] significant at p = 0.001.

FIGURE 7
Workload by Group boxplots. ** = significant difference at a p < 0.01 level.
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Task performance by task group (0-back
and 2-back)

Analysis of task performance for the two task groups

consisted of three different elements: task accuracy, misclicks,

and response time. An ANOVA was performed to evaluate

differences between the 0-Back and 2-Back groups. Regarding

task accuracy, the 0-Back group (M = 1.0, SD = 0.022)

demonstrated higher task accuracy than the 2-Back group

(M = 0.8, SD = 0.1), F(1,97) = 66.93, p < 0.001, η2 = 0.41.

Regarding misclicks, the 0-Back group (M = 46.3, SD = 29.4)

performed a higher number of misclicks than the 2-Back group

(M = 16.7, SD = 15.9), F(1,97) = 38.99, p < 0.001, η2 = 0.33. No

significant difference was found between response times by

group. Figure 8 compares the two task groups’ performance.

Correlations among DVs

The relationships between task workload,
presence, and cybersickness

Table 2 illustrates the Pearson’s correlation between

workload, presence, and cybersickness for each or the three

groups.

For the No-Task group, there was a statistically significant,

positive correlation between cybersickness and workload, r(42) =

0.46, p < 0.002, with workload explaining 21% of the variation in

cybersickness. The relationship between cybersickness and

presence was also evaluated. There was a non-statistically

significant correlation between cybersickness and presence,

r(49) = 0.01, p = 0.936, with presence explaining less than 1%

of the variation in cybersickness. Similarly, there was a non-

statistically significant correlation between workload and

presence, r(50) = 0.29, p = 0.066, with presence explaining 8%

of the variation in workload.

FIGURE 8
Maze task performance: (A) Accuracy by group; (B) misclicks by group.

TABLE 2 Pearson’s product-moment correlations between
cybersickness, workload, and presence by Group.

No-Task (n = 49) Cybersickness Workload

Workload 0.46a

Presence 0.01 0.29

0-Back (n = 51) Cybersickness Workload

Workload 0.47a

Presence 0.09 0.26

2-Back (n = 50) Cybersickness Workload

Workload 0.49a

Presence −0.36a −0.13

aStatistically significant at p < 0.05 level.
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For the 0-Back group, there was a statistically significant,

positive correlation between cybersickness and workload, r(50) =

0.47, p < 0.001, with workload explaining 22% of the variation in

cybersickness. The relationship between cybersickness and presence

was also evaluated. There was a non-statistically significant

correlation between cybersickness and presence, r(51) = 0.09, p =

0.542, with presence explaining less than 1% of the variation in

cybersickness. Additionally, there was a non-statistically significant

correlation between workload and presence, r(42) = 0.26, p = 0.073,

with presence explaining 7% of the variation in workload.

For the 2-Back group, there was a statistically significant, positive

correlation between cybersickness and workload, r(47) = 0.49, p <
0.001, with workload explaining 24% of the variation in cybersickness.

Additionally, there was a statistically significant, moderate negative

correlation between cybersickness and presence, r(49) = −0.36, p <
0.01, with presence explaining 13% of the variation in cybersickness.

There was a non-statistically significant correlation between workload

and presence, r(47) = −0.13, p = 0.384, with presence explaining 2% of

the variation in workload.

The relationships between performance and the
other variables

Pearson’s correlations, shown in Table 3, were calculated to

identify any relationships between the metrics of accuracy,

misclicks, response time, presence, cybersickness, and workload.

Analysis was completed on 3 subsets of the data: 0-Back group, 2-

Back group, and both task groups combined (0-Back and 2-Back).

Within the 0-Back group, there was a statistically significant

negative correlation between cybersickness and misclicks,

r(48) = −0.30, p = 0.041, with misclicks explaining 9% of the

variation in cybersickness. No correlation between accuracy or

response time was found to be significant for other variables of

interest for 0-Back.

For the 2-Back group, there was a statistically significant

negative correlation between cybersickness and misclicks,

r(49) = −0.34, p = 0.016, with misclicks explaining 12% of the

variation in cybersickness. There was a statistically significant

correlation between accuracy and presence, r(48) = 0.30, p =

0.037, with presence explaining 9% of the variation in accuracy.

A statistically significant negative correlation between workload and

accuracy, r(46) = −0.29, p = 0.048, with workload explaining 9% of

the variation in accuracy was found. Another statistically significant,

negative correlation between accuracy and average response time,

r(49) = −0.34, p = 0.017, with response time explaining 16% of the

variation in accuracy was found. No additional statistically

significant relationships were found for 2-Back participants.

For the combined dataset (0-Back and 2-Back), there were

significant relationships. First, there was a negative correlation

between sickness and accuracy, r(97) = −0.32, p = 0.002, with

accuracy explaining 10% of the variation in cybersickness.

Cybersickness also negatively correlated with misclicks,

r(97) = −0.38, p < 0.001, with misclicks explaining 15% of the

variation in cybersickness. Accuracy, r(93) = −0.52, p < 0.001) and

misclicks, r(93) = −0.40, p < 0.001, also showed a significantly

negative correlation with workload with accuracy accounting

for 28% and misclicks accounting for 16% of the variance in

workload. There was a statistically significant, correlation

between accuracy and misclicks, r(98) = 0.35, p < 0.001 with

misclicks explaining 12% of the variation in accuracy. There

was a statistically significant, negative correlation between

average response time and accuracy, r(97) = −0.30, p =

0.003, with response time explaining 9% of the variation in

TABLE 3 Pearson’s correlations of performance metrics for 0-Back and 2-Back groups individually and combined.

0-Back Cybersickness Workload Presence Accuracy Misclicks

Accuracy −0.22 −0.26 −0.22

Misclicks −0.30a −0.25 0.08 0.09

Response Time −0.02 0.05 −0.20 −0.27 −0.05

2-Back Cybersickness Workload Presence Accuracy Misclicks

Accuracy −0.23 −0.29a 0.30a

Misclicks −0.34a −0.07 0.28 −0.03

Response Time −0.01 −0.05 −0.00 −0.34a 0.07

Both Cybersickness Workload Presence Accuracy Misclicks

Accuracy −0.32a −0.53a 0.13

Misclicks −0.38 −0.40a 0.11 0.35a

Response Time 0.02 0.07 −0.09 −0.30a −0.09

aStatistically significant at p < 0.05 level.
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accuracy. No additional significant correlations were found for

this group.

Effect of VR experience

Based on data collected on the pre-survey about participants’

previous VR experience, sickness scores were collapsed into first

time VR users (M = 38.6, SD = 39.3, n = 69) vs previous VR users,

which included a range of categories from daily use to once every

few months (M = 42.6, SD = 44.3, n = 81). A one-way ANOVA

comparing sickness scores for these two groups found no

significant difference, F(1,148) = 0.32, p = 0.570, η2 = 0.002.

Effect of practice from lap 1 to lap 2

An additional analysis of task accuracy was performed to explore

whether there was a practice effect between the two maze laps for

participants in the two task groups who completed both laps. Maze

accuracy was calculated as the ratio of errors to the number of trials

experienced; this method did not penalize participants who dropped

out early. Lap Accuracy Δ (Lap 2 Accuracy – Lap 1 Accuracy) was

calculated to determine differences between laps. Across both 0-Back

and 2-Back groups, 62% of participants had higher accuracy on Lap 2,

8% of participants had the same accuracy on both laps, and 30% of

participants had lower accuracy on Lap 2. An ANOVA was

performed to determine if there were differences between the 0-

Back group (M = 0.01, SD = 0.03) and the 2-Back group (M = 0.007,

SD = 0.06), for the Lap Accuracy Δ. No significant difference was

found F(1,86) = 0.14, p = 0.410, η2 = 0.002. Using Pearson’s

correlation to assess the relationship between Lap Accuracy Δ
and cybersickness, a significant small positive correlation was

found, r(96) = 0.25, p < 0.019, with Lap Accuracy Δ explaining

21% of the variation in cybersickness. This findingmeans that sicker

participants tended to perform better on the second lap, and vice

versa: less sick participants performed worse on the second lap.

Discussion

Hypothesis 1: increased task workload will
correspond to higher perceived presence

The hypothesized relationship betweenworkload and presence

was partially supported in this study. Manipulating task workload

caused significant differences in presence, with both task groups

(0-Back, 2-Back) experiencing higher presence than the No-Task

group. However, presence did not differ significantly between 0-

Back and 2-Back. Also, the correlations between workload and

presence within the groups were not statistically significant. In

future research, it may be worth exploring whether the relationship

between presence and workload is affected by the difficulty of the

task. Adding a task increased presence (moving from No-Task to

0-Back), but this effect plateaued rather than presence

continuously increasing as the difficulty of the task increased.

It is worth considering the impact of the ongoing nature of

the 0-Back and 2-Back tasks. Participants had to attend to

them continuously throughout the Corn Maze experience. If

these tasks had been more sporadic, perhaps with animals

appearing only at certain times during the maze or once per

minute, could the lower level of workload still have increased

presence in comparison with the No-Task condition? The

authors suggest that the answer is likely no: fewer animals

would present less workload, less engagement, and less

presence, leading the results for 0-Back and 2-Back to be

closer to those of No-Task.

Hypothesis 2: presence will negatively
correlate with cybersickness

This relationship was partially supported. There was a

significant negative correlation between presence and

cybersickness in the 2-Back group. However, there was no

significant correlation between presence and cybersickness in

either the 0-Back or the No-Task group. Based on previous

work (Dilanchian et al., 2021; Melo et al., 2021; Servotte et al.,

2020; Weech et al., 2019, 2020), a negative correlation between

presence and cybersickness was expected. The negative correlation

between presence and cybersickness sickness symptoms in the 2-

Back group suggests that presence has a greater benefit as task

complexity increases. Since no correlation between presence and

cybersickness was found for the 0-Back group, which did also

include a task, this finding suggests that the impact of presence

impact on cybersickness may depend on the type of task being

conducted in VR. Also, because the existence of a presence/

cybersickness correlation differed between the 0-Back and 2-

Back groups, it suggests that presence alone is not enough to

mediate sickness symptoms; the task is likely involved. However,

the nature of that involvement remains unclear. This finding also

suggests that for experiences where high workload and high

sickness are possible, increasing the presence of the user may

be important for keeping sickness low. It may also imply that in

contexts with a risk of cybersickness, it may not be possible to

design a high workload task that does not increase cybersickness.

Hypothesis 3: participants given a VR task
will show higher levels of workload,
presence, and lower levels of
cybersickness than participants without a
task

This hypothesis H3 was partially supported. Sickness was

significantly higher in the 2-back group compared to the No-
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Task group but did not differ between No-Task group and the 0-

Back group. This implies that the 2-Back group had something

different about their experience that made them sicker. That

difference is likely the notable increase in workload of the 2-Back

task, which required greater attentional resources and use of

working memory than the 0-Back task, as shown by the lower

performance scores in the 2-Back task. Workload, originally

assumed to reduce sickness from H1, was shown to be a key

differentiator for the 2-Back task from the 0-Back task. From

these results, one may infer that increasing workload beyond a

certain point definitively increases cybersickness experienced.

This result aligns with results by Venkatakrishnan et al. (2020), in

which their structured equation model noted a correlation

between higher workload in a VR driving task and higher

cybersickness. In that study, participants drove around a virtual

city seeking a series of landmarks, a visual search task that included

some memory aspects, combined with a driving task, which used

both visual and psychomotor resources. That driving task placed

an arguably high demand on attentional resources, similar to the 2-

Back task. The current authors suggest that if the driving task had

been simpler, the results might have mirrored those of the present

study, with the 0-Back task’s workload reducing discomfort. There

may be a task workload threshold, past which cybersickness begins

to increase. It may be that after that threshold, a portion of

attentional capacity or workload capacity becomes allocated to

the task and is no longer available to manage cybersickness. These

results suggest that a mechanism exists such that adding a simple

task reduces discomfort in VR experiences, but a more complex

task increases the discomfort. Although the threshold cannot be

identified from the current work, these results may help constrain

the possible solution space for the mechanism. Future work should

seek to explain 1) where that threshold is, 2) what types of tasks

exist below that threshold, and 3) how the threshold differs

between individual users.

Increased presence was hypothesized to reduce sickness per

previous work (Weech et al., 2019). It was thought that increases

in workload would further immerse participants, and thus

increased workload, leading to higher presence, would

decrease sickness. The results demonstrated that adding a

lower-demand task alone did increase presence without

increasing sickness, but adding a higher-demand task did have

adverse effects on both sickness and dropout rates, confirming

previous work by Meusel (2014). Also, adding a task (comparing

No-Task to 0-Back) significantly changed neither the sickness

experienced, nor the dropout rate. For the participants in the 0-

Back group, it is possible that as users became more engaged and

involved with the experience, the task may have helped them

mitigate or cope with cybersickness symptoms they were

experiencing. Anecdotally, one No-Task participant supported

this idea with the quote, “I feel like if I had had something else to

think about, I would’ve been fine.” This investment and

engagement also coincided with tracking of misclicks, which

correlated negatively with cybersickness. These results, showing

that a low demand task (0-Back) had lower sickness and

dropouts, while the higher demand task (2-Back) made people

sicker, are worth comparing with those of Bos (2015), in which

participants experiencing off-vertical axis rotation and

performing a moderately demanding auditory memory task,

closer to the 2-Back task, grew less motion sick. This

difference could arise from the different sources of sickness

and their demand on attentional resources. In the rotation

context, the motion sickness arises without visual attention,

while in VR, cybersickness is visually induced (VIMS).

Perhaps with the rotation, participants had more available

attentional resources to focus on the task, and could thus be

more distracted from motion sickness, while in the Corn Maze

VE, participants had fewer attentional resources available for the

task due to the effort of processing the visual input of the VE.

Thus, when the higher-demand 2-Back task was added,

participants were overwhelmed. It could also be that the Bos

(2015) task was lower demand than the 2-Back task, and thus

didn’t surpass a demand threshold after which participants begin

to grow sicker. Instead, the Bos (2015) task could have worked

more like the 0-Back task, offering distraction without overload.

One additional consideration is that presence might have

been heightened by a participant having active control of

movement through the Corn Maze, rather than moving

passively. Active movement would likely have increased both

presence and workload, as demonstrated by Venkatakrishnan

et al. (2020), so results in the current study could have been quite

different. For example, the 0-Back task, at which participants

demonstrated good performance with passive control, might

have become less achievable with some attentional resources

dedicated to controlling movement. The 2-Back task, which

challenged some participants greatly, would become even

more difficult with active control. For example, the nature of

this task with 3-s animal appearances would require nearly expert

navigation to even see the animals in a timely fashion. On the

other hand, these tasks might have become better distractions

from cybersickness due to the increased difficulty.

Hypothesis 4: performance in a game-
based VR task will be negatively correlated
with cybersickness

H4was partially supported by the results. For each task group

individually, no direct relationship between sickness and task

accuracy was found, but for both active task groups combined (0-

Back and 2-Back), a negative correlation was found. This

correlation does not imply a causal relationship, however, as it

is not obvious if performing well at the task made participants

less sick, or if being less sick made participants perform better.

Participants’ levels of cybersickness also showed a significant

negative correlation with misclicks for the 0-Back and 2-Back

groups. This performance measure captured how many times
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participants clicked but it was not on an animal. As a result,

misclicks may give some insight into how curious or invested

they were in the game. More engaged players may have clicked

multiple times as they attempted to click animals, resulting in a

lot of extra clicking to ensure they hit the target. This sort of

investment may be considered to be a proxy measure of presence

and thus coincide with the negative correlation between

cybersickness and presence found for the 2-Back participants.

Being more invested or involved in the gameplay helped players

reduce sickness experienced.

The analysis of performance differences on Lap 1 vs Lap

2 revealed a positive correlation between cybersickness and

performance improvement on Lap 2. This finding means that

sicker participants tended to perform better on the second lap,

and vice versa (less sick participants performed worse on Lap 2).

This finding seems counterintuitive. One explanation may be that

some participants used cybersickness mitigation strategies (such as

holding the head still rather than visually following the turns) which

successfully reduced their sickness but also reduced their task

performance, since they no longer saw animals sitting just around

the corner of a turn until too late. Another explanation is that

managing and preventing cybersickness is an attention-demanding

task, and with limited attention resources, participants had to choose

between higher task performance or attenuating cybersickness, and

they couldn’t do both. A third explanation could be that some

participants were highly committed to performing well on the

task, despite the sickness, and simply endured it, growing sicker

while scoringwell. Just as with themisclicks, this explanation points to

the possible impact of participant motivation on cybersickness,

suggesting that a technique for increasing participation

engagement or motivation for a task might make cybersickness

more tolerable.

Presence: something you do or something
that happens to you?

When Kahneman (2017) popularized the labels for two ways of

thinking: System 1 and System2, he noted that System 1 thoughts, like

“That person is angry,” just happen to you—you don’t typically

consciously decide to evaluate the feelings of someone nearby. System

2 thinking, on the other hand, allocates attention to mental activities

that require more effort, e.g., multiplying two three-digit numbers,

and typically involves a conscious decision to focus on that task.

Presence has more recently been conceptualized as a feeling that

happens to you, or as the place illusion that you experience (Slater,

2009), like System 1 thinking. However, it is worth considering the

overlap between presence and the motivated engagement described

above. For example, early descriptions of presence by Witmer and

Singer (1998) included the concept of “involvement,” a state of

focused attention on a set of activities, somewhat similar to flow

(Csikszentmihalyi and Rathunde, 1993). Witmer and Singer noted

that the involvement could relate to the concept of selective attention

(Treisman, 1964), in which attention is focused on information that is

most meaningful to the individual. They posited that involvement

could occur any setting (not just VR), but that in the context of VR,

both involvement and immersion were necessary for the feeling of

presence to arise. Finally, they noted that individual differences play a

large role in the experience of presence, and offered the Immersive

Tendencies Questionnaire (ITQ) as a scale for measuring the

capability of an individual to become involved. The ITQ includes

items that indicate a more active conscious approach to involvement

rather than it simply happening to a person, e.g., “How good are you

at blocking out external distractions when you are involved in

something?” and “How well do you concentrate on enjoyable

activities?” The authors suggest that consideration of both user

motivation for the task and ability to choose to become “involved”

(the active choice of experiencing presence) be included as variables in

future cybersickness studies.

Previous research (Norman, 2013) has suggested that using more

System 1 processing reduces mental workload. Additionally, that

research suggested that when subjected to distractions that occupy

workingmemory, individuals benefit from being able to rely more on

System 1 if they can (automaticity). This reliance on System 1 during

high workload may be why gamers experience less cybersickness. If

users are highly present, and their System 1 is handling interactions

with theVE (including the possible cybersickness-inducing cues), they

will have more attentional resources available to process the task

(System 2) and could handle higher workload. Dinet and Kitajima,

2018 previously noted the possible connection between perception of

virtual environments with Systems 1/2 thinking. Hofer et al. (2020)

identified presence as the output of the subconscious processing of

System 1, which is tightly connected to perceptual information.

Hartmann et al. (2015) suggested potential for System

1 information processing to be modified by overarching System

2 processes, implying that a top-down attitude, motivation, or

mindset could affect perceptual information processing (potentially

reducing cybersickness). In the context of this study, the incorporation

of a task may shift individuals from a System 1 focus (passively riding

a through the corn maze and taking in the surroundings) to a System

2 focus (performing a working memory task). This shift from the

subconscious mind (System 1), which is potentially more susceptible

to sensory mismatches and coherence about the inconsistencies that

exist with VR, to System 2, where deeper thought and focus is

occurring, might reduce cybersickness.

The usage of working memory offers another lens for

considering these different levels of processing. Through a

series of studies, Beilock and others (e.g., Beilock and Carr,

2001; Beilock et al., 2002) noted that professional athletes’

focused attention in athletic tasks was sometimes

counterproductive, leading to over-analysis and preventing the

person from using well-practiced behaviors. The athletes

performed better when not focusing conscious attention to

their tasks, which allowed their highly practiced behaviors to

emerge. Similarly, in the current study, it may be possible that

attention to a task in VR could reduce cybersickness by reducing
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the conscious attention focused on the sickness-inducing

visual cues.

Previous research has shown that a past history of video game

play can predict lower cybersickness (Rebenitsch and Owen, 2014).

Additionally, work from (Weech et al., 2020) showed that the effect of

a narrative on cybersickness is impacted by previous gaming

experience. Those results could also be possibly explained by

System 1/System 2 or working memory theories, in that users’

previous gaming experience could, in effect, reduce the cognitive

load of engaging with the VE due to their automaticity of engaging

with game-like VEs. In future cybersickness research, it will be useful

to consider how the task in the study relates to tasks with which VR

gamers are experienced, which may predict whether they will adopt a

System1 approach (more automatic, using lessworkingmemory) or a

System 2 approach (intentionally focused, using more working

memory).

Returning to the question of whether presence happens to you

or can be intentionally evoked, it is worth considering concepts

related to intentional engagement. An example of such a concept is

“willing suspension of disbelief” (Coleridge, 1952) in which people

know that something is not real (such as in fiction novels ormovies)

but suspend that disbelief in order to become more immersed in an

experience or fictional narrative (Schaper, 1978). Willing

suspension of disbelief allows for readers, or in our case VR

users, to interpret experiences as closer to reality than they are.

More recent work has discussed the concept of “media awareness”

(awareness that the experience is media and not real) and suggested

that media awareness and presence work together to define a

simulated experience (Hartmann and Hofer, 2021). This idea

may give insight into why users’ previous experience with VR or

previous video game experience has been shown to negatively

correlate with reported cybersickness (e.g., Freitag et al., 2016). It

could be that users whomust focus on familiarizing themselves with

novel controllers and new locomotion paradigms, etc., have less

ability to suspend disbelief or lower media awareness since they

must actively attend to the logistics of simply existing in the VE,

rather than experiencing it more naturally. Turner (2016) identifies

“make-believe” tendencies, akin to the immersive tendencies

described by Witmer and Singer (1998), as a plausible

psychological mechanism that may indicate higher level

cognitive processes impacting presence. If willing suspension of

disbelief is a higher-level cognitive process, and not an attentional

task that demands workload, then a person with a greater capability

to suspend disbelief and greater sense of presence could be in some

sense shielded from cybersickness-inducing cues, and additional

task workload would not affect sickness.

Limitations

Key limitations of the research include subjective measures

and lack of head tracking data. One of the largest limitations of

this research is the use of subjective measures to track the three

main constructs of interest which were cybersickness, workload,

and presence. While there is not yet a wide consensus on a

reliable objective measure of cybersickness, there are several

recent contenders, such as using eye gaze and head movement

within the HMD (Islam et al., 2021), eye gaze and game character

movement (Wang et al., 2022), and VE smoothness of movement

(Monteiro et al., 2021) to predict cybersickness successfully.

Measures such as these, or even an additional self-report

measure such as the fast motion sickness scale (FMS)

(Keshavarz and Hecht, 2011) could have been useful to

triangulate with SSQ. In addition to subjective measures, this

study did not utilize any HMD head tracking logging to identify

different trends in postural sway. Finally, priming the

participants to be aware of cybersickness symptoms is a

problem unique to studies in this area. Due to IRB

obligations, the consent form included language indicating

potentially negative symptoms being experienced in during

the study. However, in this study, Pre-SSQ scores were

consistently low, so while this was not a substantial concern

for this study, the priming effect still may have been present.

Conclusion

The overall conclusion from this research is that changes in

workload impact cybersickness and presence experienced in VR

environments. Results showed that the addition of a simple task

increased the presence experienced in VR significantly and did not

significantly increase sickness or dropout rates, while a more complex

task made individuals sicker at consistently higher rates. Overall

performance of the task was also negatively correlated with

cybersickness, increasing the importance of reducing cybersickness

if high task performance is required. These results should be

considered moving forward in cybersickness research. Put simply:

the task required in virtual experiences matters.

Future work

Future work should evaluate task workload across different VR

experiences, such as games or other immersive applications, to

identify exactly what form of task (e.g., visual, auditory, cognitive,

psychomotor) affects cybersickness the most, and whether there is

an ideal task to raise a sense of presence without overwhelming

users. The exact mechanism that caused the impact of the task

workload could be further studied, to identify whether managing

cybersickness is an attention-demanding task in itself.

Head tracking data within tasks could provide interesting results

between task groups and show how differing tasks result in different

amounts of postural sway and thus the causes of varying sickness

levels between tasks. Future work should also aim to strategically

capture previous gaming experience as a factor related to

cybersickness. Cybersickness research in general should consider
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the importance of replicating commercial VR usage habits (such as

playing a game). Additionally, researchers should use VR specific

control mechanisms (e.g., head tracking, controllers that accompany

the HMD) to ensure generalizability of results.

Future studies might also replicate the approach of this study

to examine the impact of first-person perspective (1 PP) vs third-

person perspective (3 PP) on presence and cybersickness. Several

studies have examined the impact of perspective on presence and

found differing results (e.g., Denisova and Cairns, 2015; Gorisse

et al., 2017), but that issue could perhaps be clarified using the

procedure of this study. One preliminary study (Monteiro et al.,

2018) suggested 3 PP with an avatar to focus on led to less

sickness based on the same principle as reducing sickness by

providing steady object in the view frame such as a virtual nose

(Wienrich et al., 2018), but the preliminary study had a small

sample size with no statistical significance. A larger study could

be conducted to explore that hypothesis.

The relationship between attention, workload, presence, and

cybersickness discussed in this work identifies an opportunity for

new research. A structural equation modeling (SEM) approach

might be useful for predicting outcomes based on the

simultaneous relationships between all of these factors, for

example. Also, the results in this work indicate that a

mechanism exists that makes adding a task reduce discomfort

in VR experiences. Future work should further explore this

mechanism to identify if people can be trained or experiences

can be designed to take advantage of this reduction. From the

results in this work, it may be that a portion of attentional or

workload capacity is used by the body to manage cybersickness

symptoms.
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