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ABSTRACT 

Simulator sickness is a common occurrence when humans navigate virtual environments; 

some proportion of the population will experience nausea, disorientation, headache, and a 

number of other negative symptoms during and after an interaction with a flight 

simulator, driving simulators, or first-person video game. While there are a number of 

theories behind the causes of simulator sickness, including theories related to posture 

stability and body movement, there are still no accepted explanations for why some 

people are more susceptible to sickness compared to others. Some theories suggest that 

eye and head movements, age, gender, and simulator scenario properties (e.g., number of 

turns) may have an effect on simulator sickness. We took advantage of already collected 

eye movement, simulator sickness, and demographic data and explored possible 

correlations between simulator sickness and a variety of factors, such as the ones that 

were mentioned above. Of particular interest was whether eye tracking data might predict 

sickness severity.  Results indicated that gender was significantly related to simulator 

sickness (females reporting greater sickness), and there was a trend for a relationship 

between age and simulator sickness, with increased age being specifically related to 

general discomfort and symptoms of vertigo.  Contrary to predictions, eye scanning 

parameters were not significantly related to simulated sickness.  Study limitations and 

future directions are discussed.     
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Introduction 

 Simulator sickness is a common occurrence when humans navigate virtual 

environments; some proportion of the population will experience nausea, disorientation, 

headache, and a number of other negative symptoms during and after an interaction with 

a flight simulator, driving simulators, or first-person video game (Merhi, Faugloire, 

Flanagan & Stoffregen, 2007). While there are a number of theories behind the causes of 

simulator sickness there are still no accepted explanations for why some people are more 

susceptible to simulator sickness compared to others. Some theories suggest that 

individual difference factors, environmental factors, and the fidelity of the simulator may 

all play important roles in influencing simulator sickness. The goal of this thesis is to 

explore, using an archival data set, how individual differences and differences in 

scanning behavior might predict those who will get sick and those who will not.  

Predicting simulator sickness has the potential to save participants from a negative 

research experience and prevent money from being wasted in the process of collecting 

unusable data tainted by simulator sickness.   

Theories of Simulator Sickness 

 Before discussing individual difference characteristics and how they might relate 

to simulator sickness, this section provides a broad overview of proposed causes of 

simulator sickness.  One of the most commonly accepted theories of simulator sickness is 

sensory conflict theory (Reason & Brand, 1975).  According to this theory, sickness 

occurs because during simulated driving the vestibular and proprioceptive experience 

mismatches the feedback one normally received during the driving task.  Given that older 

drivers tend to have more experience driving compared to younger drivers, this mismatch 
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may be especially salient for older adults.  One implication is that as one develops more 

experience with the simulated environment, this mismatch becomes less salient and 

sickness should be reduced.   

Postural instability theory (Ricco & Stoffregen, 1991), a competing theory to 

sensory conflict theory, posits that the signal that results in sickness is the sense of 

postural instability produced as one tries to adjust his or her body in anticipation of forces 

one would typically experience with motion.  In a number of studies, postural instability 

(e.g., sway) appears to precede instances of motion sickness/simulator sickness (Dong, 

Yoshida, & Stoffregen, 2011).   

Finally, Treisman (1977) proposed an interesting evolutionary hypothesis:  when 

toxins are ingested they produce experiences similar to the mismatch between visual, 

vestibular, and proprioceptive inputs that one might experience during a simulated 

environment or an environment in which motion is unstable.  The body’s evolutionary 

determined response to this mismatch is to rid the body of such toxins (i.e., vomit).  In all 

cases, the perception of some kind of mismatch between visual, vestibular, and 

proprioceptive inputs seems critical.  Since eye movements and head movements provide 

critical information to detect these mismatches, it is predicted that scanning might 

influence sickness.  Specifically, more frequent scanning and broader scanning may 

result in a more disjointed perception of the visual environment, further enhancing 

disorientation and feelings of illness.  In addition to exploring this hypothesis, based on a 

variety of previous findings, we anticipate individual differences to have an effect of 

simulator sickness as well.   
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Individual Differences 

 A variety of individual difference factors have been found to be predictive of 

simulator sickness. Two of the most common predictors are gender and age (Yoo, 1999).  

Yoo’s research found a significant gender difference in sensitivity to simulator sickness 

with females experiencing more sickness than males. Age was also a significant 

predictor, with older adults experiencing more sickness than younger adults. These data 

sets were collected in the context of a study in which participants drove around a track in 

a fixed-base driving simulator. Another study conducted by Brooks et al. (2010) also 

found that older adults were more likely to suffer from simulator sickness than younger 

adults.  

 Gundry (1979) raised the possibility that simulator sickness is influenced by 

individual differences in one’s ability to either adapt to motion stimuli (i.e. adjusting their 

body) or their ability to be receptive to motion stimuli (i.e. their ability to pick up on 

motion cues). In this experiment, they blindfolded 36 participants, and provided them 

with estimates of the degrees in which their body was rotated; this ranged from 30° and 

135°. One’s ability to be receptive entails the person being able to gather cues in the 

virtual environment; in this experiment, receptivity was calculated using the slope of the 

line relating perceived displacement to actual displacement. The person’s ability to adapt 

simply means that they are able to adjust their movements in a way that they will not 

experience simulator sickness (Gundry, 1979). In Gundry’s study, it was found that 

adaptability to motion stimuli is more important when trying to prevent simulator 

sickness than one’s potential to be receptive to the motion stimuli. 
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 Another individual difference that can cause people to suffer from simulator 

sickness is postural instability. There has been research conducted by Smart, Stoffregen, 

and Bardy (2002) that supports the theory that the way people sit and the angle at which 

their bodies and heads are facing can have an impact on if they will experience simulator 

sickness. This means that postural instability may serve as a reliable predictor of motion 

sickness (Smart, Stoffregen, & Bardy, 2002).  Kolasinski (1996) concluded from her 

study, that if simulator sickness could be predicted, then there would be a way to identify, 

warn, and teach people different ways that would prevent them from getting simulator 

sickness.  

Hecht and Reiner (2007) examined whether people were field –independent or if 

they were field-dependent. People who were field-independent were better able to pay 

attention to cues that were important, and they had a higher level of object presence than 

those field-dependents.  The idea is that those who are field-dependent have to pay 

attention to more things, because of their lack of object presence, and therefore, their eyes 

are trying to track multiple things at once, making them more susceptible to motion 

sickness. Those who are field-independent do not have to make as many eye movements, 

hence they report lower susceptibility to simulator sickness.  

 Another environmental impact theory proposed by Witmer and Singer (1998) is 

that simulator sickness is based on someone’s sense of presence. Presence is someone’s 

ability to place themselves in a scenario. An example of this would be when someone is 

in a driving simulator, they can either feel like they are really in that driving situation, or 

they can feel as if they are in a room pretending to drive. The way they measured 

presence was by creating a presence questionnaire that measure presence in virtual 
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environments (Witmer & Singer, 1998). They also constructed immersive tendency 

questionnaires that measured the differences in tendencies for the participants to 

experience presence. Witmer and Singer believed that this could predict if someone is 

susceptible to simulator sickness. If they do not have a sense of presence, then they are 

more likely to suffer from simulator sickness because they are not able to place 

themselves in the different environment.  Traditionally, younger males play more video 

games compared to females and older adults.  This repeated interaction with virtual 

environments might encourage a sense of presence, which might partially explain why 

females and older adults tend to report more symptoms of simulator sickness.   

Environmental Characteristics 

 Besides individual differences influencing simulator sickness, there are also 

environmental characteristics.  Fidelity of a simulator has nothing to do with individual 

differences because it is outside of an individual’s control. Fidelity of a simulator is 

simply how realistic a device is. If it is high tech and more realistic, then it has higher 

fidelity than another machine that is less realistic. Fidelity of a machine could possibly 

have an impact on whether someone gets simulator sickness. If the machine is not very 

realistic then that machine will probably make people more prone to sickness because 

they are not used to navigating low resolution environments (Domeyer et al., 2013).  

Because of the technological advancement we are experiencing, driving simulators’ 

fidelity has increased, and the cost of these machines has also decreased (Domeyer et al., 

2013).   

 During our analysis, we used archival data in order to confirm the effects of 

individual characteristics consisting of gender and age. We then used that data to explore 
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whether scanning was a predictive factor of simulator sickness. We looked at sickness in 

the context of a medium-fidelity driving simulator as participants made a series of left 

turns, which tend to be a maneuver that is associated with simulator sickness.  

Methods 

Participants  

To further understand how individual difference factors and scanning behaviors 

potentially relate to simulator sickness we conducted archival analysis of a recent driving 

simulator study collected in the Aging Driver and PedesTrian Safety Lab (ADAPTS lab).  

In this study, 31 older adults (aged 65+), 28 middle-aged adults (ages 50-64) and 36 

young adults (ages 21-35) completed a study in which they were asked to make a series 

(4) of left-turns in FSU’s driving simulator (see Figure 1).  The main purpose of this 

study was to understand how different types of turn-lane offset might improve visibility 

of oncoming traffic and result in safer turning decisions (Boot, Charness, Stothart, Fox, 

Mitchum, Lupton & Landbeck, 2013).  

Data from a subset of these participants was used when evaluating eye movement 

data and the relationship between eye movement data and simulator sickness. Analyses 

were restricted to females because, as anticipated, females experienced greater sickness 

symptoms.  We used eye data files gathered from seventeen females from the three age 

categories: young, middle, and older adults. These women were categorized as low or 

high sickness levels, depending on their SSQ scores.  
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Materials  

This study used the National Advanced Driving Simulator MiniSim, a high-

fidelity driving simulator that incorporates three 42” plasma displays that give the driver 

a 180° horizontal and 50° vertical field of view of the simulated environment. For this 

experiment, plasma displays had a resolution of 1360 x 768 pixels and a refresh rate of 60 

Hz. An SMI eyetracker monitored eye and head movements during the turning task 

(http://www.smivision.com/en/gaze-and-eye-tracking-systems/products/iview-x-

hed.html). 

Procedure 

 Every participant in this study, upon completion of the driving scenario, was 

administered the Simulator Sickness Questionnaire (Kennedy, Lane, Berbaum & 

Lilienthal, 1993).  This validated measure of simulator sickness, the Simulator Sickness 

Questionnaire,  (originally developed for aviation simulators) had participants answer 16 

questions regarding sickness symptoms (e.g., fatigue, headache, nausea, vertigo, burping, 

etc.).  Responses were made on a 4 point scale from “None” to “Severe” based on the 

following instructions:  Circle how much each symptom below is affecting you right 

now. The driving scenario contained four left hand turns, and the eye movements that 

were collected consisted of where the participants looked during each turn (see Figure 2).   

Analysis 

A correlational approach was adopted, examining how certain factors such as age 

predict simulator sickness scores.  For categorical variables such as gender, we explored 

whether groups significantly differed with respect to simulator severity.  How 

participants allocated their attention during driving and during turns (e.g., number of 
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fixations during the turn, average duration of fixations, and how widely participants 

scanned while turning) were used in an attempt to explore predictors of simulator 

sickness.  Exploratory analyses correlated measures with specific symptoms of simulator 

sickness.  This series of analyses provided additional understanding into how various 

factors predict sickness and potentially interact.  

Results 

Age and Simulator Sickness 

First we explored whether age was a significant predictor of simulator sickness 

severity.  A correlation was run between age and total SSQ, but contrary to previous 

findings, age was not a significant predictor of sickness (Figure 3, r (76) = .14, p = .22).  

Next, we explored whether age was predictive of any one of the 16 symptoms of 

simulator sickness assessed by the SSQ.  This analysis revealed that age was a significant 

predictor of “general discomfort” (question 1, r (78) = .33, p = .0028). Age was also a 

significant predictor of the symptom “vertigo”(question 14, r (78) = .29, p = .009).  Note 

that the p value for the “general discomfort” question remains significant even after 

correcting for the fact that 17 comparisons (16 individual questions and Total Score) 

were being made (p < .0029).  Results partially replicate previous reports of age being 

associated with a greater risk of simulator sickness. 

Gender and Simulator Sickness  

Next, an analysis was conducted to explore whether simulator sickness was 

associated with gender.  A one-way ANOVA with gender as a between-participant factor 

indicated that there was a significant difference between men and women with respect to 
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sickness severity (F (1, 74) = 9.04, p = .004, η
2

p = .11).  As can be seen in Figure 4, 

women scored about twice as high in general on the SSQ.  

Eye Movement and Simulator Sickness 

Next we explored whether differences in scanning during left hand turns might be 

related to symptoms of simulator sickness.  This analysis involved a subset of participants 

who had usable eye data. Furthermore, we restricted analysis to females since men rarely 

showed extreme simulator sickness. This subset included six younger (two low and four 

high sickness participants) seven middle-aged (four low and three high sickness 

participants), and four older participants (one low and one high sickness participants). 

The eye movement measures we focused on were: the number of fixation points the user 

had when scanning the screen, the average duration of fixations, and how widely 

participants scanned into the periphery of the display (average distance their eye 

movements traveled from the center). The first two measures were exploratory.  This last 

measure of interest was included because in at least some of the literature on simulator 

sickness looking at the edges of the scene was related to increased sickness (motion is 

faster there compared to the center of the screen). Because we did not have infrared 

markers we could not easily characterize head movement. However, an examination of 

the videos revealed that participants didn't turn their heads much or very frequently 

during turns.  We characterized peripheral scanning and attention to the edges of the 

screen/scene by calculating the average distance between fixations during turning and the 

center of the forward simulator screen.  This was not a perfect measure, but should 

capture some degree of attention to the areas of the screen that most induce simulator 

sickness.  The average distance of the eye from the center was measured in screen pixels. 
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 We used a subset of the participants used for the gender and age analysis, and 

looked at their eye movements while in a driving simulator. The number of fixation 

points the user had when scanning the screen, average duration for each fixation point, 

and how widely participants scanned while driving (average distance their eye 

movements traveled from the center of the screen). After running a two-sample t-test, the 

results showed that there was no difference between low and high sickness participants 

with respect to the number of fixations (M = 12.58 (SD = 4.72) vs. M = 11.72 (SD = 

3.91), respectively, t (15) =. 41, p = .69). There were no significant results found between 

low and high sickness participants with respect to the average duration of each fixation 

(M = 298.82 ms (SD = 99.39) vs. M = 346.99 ms (SD = 83.67), respectively, t (15) = -

1.06, p = .31). When low and high sickness participants were measured against the 

average distance from the center, there were no significant results found (M = 90.89 (SD 

= 27.06) vs. M  = 80.60 (SD = 32.12), respectively, t (15) = .72, p = .48).  

When all of these factors were compared, the results showed that eye movements 

were not a statistically significant predictor of simulator sickness. 

Discussion  

Being able to predict and potentially prevent simulator sickness would have 

important consequences for simulator research.  The biggest advantages would be helping 

participants avoid a negative research experience and helping researchers save money by 

avoiding running participants who would be unlikely to produce usable data 

uncontaminated by sickness.  Furthermore, simulators may serve as a useful assessment 

tool for older drivers with respect to fitness to drive.  Simulated road tests would be easy 

to give (and much safer compared to testing the ability of older drivers with questionable 
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driver fitness on actual roads), but would only be useful if simulator sickness could be 

overcome.   

There are also newer gaming systems, such as the Oculus Rift, that require 

gamers to immerse themselves into the game. They have headpieces that fit onto the 

gamer’s heads, and they have a wide field of view. This could be a break through in 

video games, however if people experience simulator sickness then the sales will not be 

profitable.  

Previous research suggests that individual difference factors, environmental 

factors, and the fidelity of the simulator may affect simulator sickness. Research 

conducted by Yoo (1999) found that gender and age have both been shown to influence 

susceptibility to simulator sickness. Yoo’s research found a significant gender difference 

in sensitivity to simulator sickness, with females experiencing more sickness than males. 

Another study conducted by Brooks et al. (2010) also found that older adults were more 

likely to suffer from simulator sickness, which showed that age was a factor in 

determining simulator sickness.   

The findings from our study confirmed that gender was a significant factor in 

predicting simulator sickness. Women were experienced twice the severity of simulator 

sickness compared to men. The findings were not as successful in showing a significant 

relationship with age and overall simulator sickness. However, our results partially 

replicate previous reports of age being associated with a greater risk of simulator 

sickness; certain specific symptoms of simulator sickness (vertigo, general discomfort) 

appeared to be more related to age compared to overall simulator sickness.  As discussed 

earlier, unfortunately, basic measures of eye scanning did not predict simulator sickness.   
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Limitations 

   There are important limitations to consider associated with this research. A 

limitation considering scanning patterns is that there is not enough statistical power, 

because we only had a subset of participants. There were also limitations as far as 

demographic/individual differences variables are concerned. Future studies could focus 

on the amount of exposure people have to virtual environments, such as video games. 

More specific information about the driver could have different implications on the data; 

for example, one could take into consideration the age at which the participants received 

their license, and how many miles per week they drive.  

 

Future Directions 

 For future studies, having more statistical power in order to thoroughly test the 

relationship between age and simulator sickness would be beneficial. Also, having more 

participant data from the driving simulator in order to look at more eye tracking data 

would give more statistical power to that analysis. Considering that there were few 

participants in our analyses, it was not surprising that we did not find significant 

correlations.  

 For future directions, the eye scanning parameters could be extended. Future 

studies could focus on where the participants were looking during each turn, i.e. if they 

looked straight ahead during the turn or if they looked into the turn. The number of eye 

movements each participant had from one simulator screen to the other.  For the files 
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where we lost track of the eye, were they closing their eyes while turning? These are 

important ideas to keep in mind for future studies.  
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Figure 1. Screen capture from the scenario involved in the described experiment.  

Participants were asked to make a series (4) of left-hand turns.    
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Figure 2.  A participant has her eye movements monitored as she navigates the left-turn 

scenario. 
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Figure 3. Scatterplot for SSQ data as a function of age.  Data indicate a positive slope, 

though this trend was not significant.    
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Figure 4. SSQ scores as a function of gender. Error bars represent the 95% confidence 

interval for each mean.  
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