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Abstract

Purpose: Virtual three-dimensional (3D) displays provide an added dimension to viewing 

a display and greater immersion in the display content, but some viewers experience 

symptoms of visual, ocular, and physical discomfort.  The increased immersion and 

unique requirements placed upon the ocular vergence and accommodative systems are 

suspected as the causes for such symptoms.  The present study evaluated the effect of 

individual differences in such subjective perceptions. 

Methods: Two-hundred and three teens and adults were recruited to view a movie in 

either 2D or 3D while sitting at assigned viewing positions.  Their prior viewing 

experiences, as well as their visual and physical discomfort immediately before and after 

viewing were measured with questionnaires.  They were also asked to report their sense 

of immersion after the viewing.  

Results: Stereoscopic 3D viewing incurred perceptions of blurred vision, double vision, 

dizziness, disorientation, and nausea during and/or after viewing for some participants.  

Presbyopic viewers (> age 45) reported greater visual discomfort in 2D viewing, and 

younger viewers (age 24-34) in 3D viewing.  Sitting in an oblique position attenuated 

perceived immersion and also motion symptoms in 3D viewing.  Prior viewing 

experiences predicted visual and physical symptoms in 2D and 3D viewing; ocular and 

physical symptoms in 2D viewing were not correlated to the sense of immersion, but 

were negatively correlated to perceived immersion in 3D viewing.  

Conclusions: Stereoscopic 3D viewing provides greater immersion, but can also lead to 

specific types of symptoms that are likely caused by the unique demands to the visuo-
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ocular system and pre-existing vergence and accommodative abilities. Results also show 

that symptom frequencies in the present study confirms anecdotal evidence that only a 

limited portion of viewers may experience one or some of reported symptoms.  This 

raises the issue of how to identify individuals susceptible to these symptoms in 

stereoscopic 3D viewing.      
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Introduction

Stereoscopic three-dimensional (3D) displays and the viewing content are 

designed to heighten a sense of immersion and presence for viewers (Brooks, 1999; 

Pausch, Proffitt, and Williams, 1997).  As TV manufacturers increasingly offer 3D TV 

models and 3D TV programming content and commercial movies are made available to 

viewers at home, there is an increasing concern about visual, ocular, and physical 

discomfort reported by some 3D viewers (Costello, 1997; Lambooij and Ilsselsteijn, 

2009).  A comprehensive methodology for surveying experiences in 3D viewing and 

report of the results is critical to explore ways of attenuating visual and physical 

discomfort.   

Visual symptoms such as blurred and double vision have been often associated 

with 3D viewing (Blum et al., 2010; Yang et al., 2011; Lambooij et al., 2009).  The 

commonly held explanation of visual symptoms in 3D viewing is that it stimulates a 

different vergence and accommodative demand than encountered in real 3D (Inoue et 

al., 1997; Hoffman et al., 2008).  Briefly, 3D displays provide stereoscopic visual 

stimulation by projecting separate images to each eye.  Each image is a view of the 

scene from a slightly different angle, thereby simulating the different views of the eyes 

in a real scene.  Stereoscopic depth provides relative depth information; i.e. it informs 

the viewer about the relative (not absolute) distances of objects with respect to one 

another.  To render a visual target (Vtar) as being closer to the 3D viewer in relation to 

another object (Vref), the lateral location of the Vtar image presented to each eye is 

inwardly located (leftward for the right eye and rightward for the left eye) with respect 
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to the location of the Vref image presented to each eye.  The angular difference 

(measured from the eyes) between the Vtar and Vref separations is referred to as the 

relative disparity between the 2 images.  Relative disparity is thought to be the signal 

that drives the perception of stereopsis (Tyler, 1990; Westheimer, 1979).  An object 

nearer than the reference object, as described above, has crossed disparity.  An object 

farther than the reference object has uncrossed disparity.  As in the real world, either a 

convergent or a divergent ocular rotation is required to fixate from the currently fixated 

object (Vref) to an object with a different disparity.   However, real and stereoscopic 3D 

differ in the stimulus to accommodate.  In the real world accommodation normally 

accompanies a change in vergence because the focal plane of the object also changes 

for an object at a different distance.  In the stereoscopic 3D viewing environment all 

objects, regardless of disparity, are in the same viewing plane.  Besides the habitual 

relationship between accommodation and vergence in real world viewing, there is also a 

neural relationship between the two in which stimulation of either drives a certain 

amount of response in the other.  There are significant inter-individual differences in 

accommodative and vergence ability and in the relationship between them. 

It has been postulated that individuals who report visual discomfort in 

stereoscopic 3D viewing likely have difficulties in achieving and maintaining vergence 

(Emoto et al., 2004; Hoffman et al., 2008), due to significant vergence insufficiency 

(inability to rotate the eyes inward or outward) or excessive dissociated heterophoria 

(the different amount of misalignment of the eyes when fusion is denied). Lack of 

appropriate vergence for a stimulus can lead to perceived double vision.  
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It has also been proposed that the conflict between the vergence and 

accommodative demands could cause either insufficient vergence or improper 

accommodation (Emoto et al., 2004; Hoffman et al., 2008).  This is expected to 

exacerbate the perceived double image (due to inadequate vergence) and also causes 

blurred vision (due to improper accommodation).   

Motion sickness symptoms such as dizziness, nausea, headache, and 

disorientation are often associated with viewing moving stimuli displayed on a screen or 

virtual reality environment, where the perceived visual motion conflicts with other 

sensory signals such as vestibular or proprioceptive ones (Häkkinen, 2006; Speranza et 

al., 2006).  This is not surprising, since binocular disparity provides critical visual cues for 

detecting motion in depth (Fernandez and Farell, 2005; Harris and Watamaniuk, 1995).  

Three-D viewing often entails tracking a visual object through space and depth, and 

likely affords greater motion perception with ensuing motion sickness symptoms.          

To investigate the prevalence of visual and physical discomfort, we conducted a

study in which 105 adults were recruited to view either a 2D or 3D version of the same 

movie (“How To Train Your Dragon”) in a typical commercial theater setting (Cooper et 

al., 2010).  Visual and motion sickness related symptoms were measured before and 

after viewing using a questionnaire developed in our laboratory (Sheedy et al., 2003).  

Our findings showed that stereoscopic 3D viewing resulted in significantly increased 

double vision, blurred vision, dizziness, and nausea.  However, these symptoms were 

present only during movie viewing, and dissipated once the viewing had ended.  These 

suggest a temporary physiological stress placed on the visuo-ocular system rather than 
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altered physiology, and only a limited portion of the adult population reported such 

stress in a typical movie viewing setting.  

In a separate laboratory-based study, we asked adult participants to view 2D and 

3D movies on separate days, and measured their vergence and accommodative 

responses in real time (Yang et al., 2011).  They watched 2 different movies (“Spy kids” 

and “Lava girl and shark boy”) rendered in 2D and 3D, with order of conditions and 

movies randomized across subjects.  The two movies were closely matched in duration 

and genre (sci-fi movies with frequent object motion in depth).  Comparison between 

the experience of 2D and 3D movie viewing for the same subject also showed 

significantly greater symptoms of blurred vision, double vision, nausea, and dizziness for 

stereoscopic 3D viewing.  This was accompanied by greater accommodative and 

vergence responses during stereoscopic 3D viewing.  In addition, these subjects also 

viewed simple 2D and 3D stimuli depicted moving back and forth in depth, and asked to 

track them closely.  They showed greater vergence and accommodative responses in 

stereoscopic 3D viewing, especially when the stimuli were moving closer to them.  

Together, the above findings support a theory that the vergence demands of 

stereoscopic 3D displays are critically related to development of viewing symptoms.  

Inadequacy in vergence and accommodative facilities, and the nature of stereoscopic 3D 

stimuli relative to motion in space, may affect symptom severity.  Those with difficulty 

in making vergence and accommodation responses in previous 2D viewing are likely to 

incur greater symptoms in stereoscopic 3D viewing.
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The prevalence and severity of visual and physical symptoms reported above 

might be affected by some methodological problems.   In the commercial theater study, 

the number of participants was rather limited (n = 95).  The movie viewing study 

conducted in the laboratory employed less deal stereoscopic display (DLP with active 

shutter glasses and 60Hz refresh rate for each eye) that might have incurred great 

crosstalk (seeing images for two eyes at the same time, creating blurred and double 

imaged).  Furthermore, the two movies themselves were adopted from 2D version, and 

with poorer 3D rendering content.   

In addition, this earlier study did not deal with viewing distance and angle.  Since 

vergence demand and motion perception are likely the cause of heightened visual and 

physical discomfort, viewing angle could play a role in determining viewing experience 

and viewing symptoms.  Viewing from an oblique angle would likely attenuate the 

vergence demand and perceived motion, as the visual stimuli conflict with the 

perspective of the viewer (frontal vs. oblique).  A greater viewing angle therefore could 

reduce the perceived immersion, but also attenuate symptoms related to vergence 

stress and motion sickness.  

The present study aimed to examine two specific issues in stereoscopic 3D 

viewing.  First, we survey participants’ previous viewing experiences and carefully 

measured their perceived visual and physical discomfort during and after sustained 

movie viewing.  We expected those with previous difficulties in 2D viewing should have 

exacerbated visual and physical symptoms in stereoscopic 3D viewing.  Second, we

compared the sense of immersion and viewing symptoms in viewing 2D and 3D movies
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at different visual angles and distances.  It is expected that closer viewing distances and 

smaller viewing angles would lead to greater immersion but also have greater visual and 

physical symptoms.  

Methods

Participants

Two hundred and three adults (44% female, averaged 36.6 years of age) were 

recruited to participate in the present study.  They participated in the study using their 

habitual optical correction, if any.  Participants were randomly assigned to 2D or 3D 

viewing groups.  

Materials

Movies.  A movie titled “Cloudy with a chance of meatballs” was shown in either 

2D or 3D format was played from a Blu-ray DVD.   The duration of the movie was about 

90 minutes.

Questionnaires.  A visual and physical discomfort questionnaire containing 15 

questions, as shown in Table 1, was employed to measure subjective symptoms prior to 

and after movie viewing.  It has been utilized in previous studies in our laboratory, and 

has been shown to be a valid tool in measuring changes in visual discomfort symptoms.

In addition, a 5-item immersion questionnaire was derived from the Simulator 

Sickness Questionnaire (Kennedy et al., 1993) to measure the viewers’ sense of 

immersion, as shown in Table 2.

-- Tables 1 and 2 --
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Movie Theater.  Multiple viewing sessions took place in a media room in the 

Ronler Acres campus of Intel Corporation in Hillsboro, Oregon.  Six participants were 

admitted to a viewing session and seated at different positions.  The first five seat 

positions had the same viewing distance (11.1 feet) but different viewing angles.  Seat 3 

is directly in front of the TV; seating positions 1 and 2 are to the left of the TV (45 and 

22.5 degrees of visual angle respectively), whereas positions 5 and 4 to the right of TV 

(45 and 22.5 degrees of visual angle).  Seat 6 was aligned to have the same viewing 

angle as seat 4, but located 15.8 feet away from the TV.  

Movie Display.  A Samsung 55” C7000 HD3D LED TV was used to display the 2D 

and 3D movies.  It has an actual diagonal size of 54.6”, and 1920 x 1080 native 

resolution and 240Hz vertical refresh rate (120Hz for each eye in 3D mode).  The 3D 

image was delivered with a pair of wirelessly synchronized active LED shutter glasses.  

The TV was placed on a platform, with its center 6’ above the ground.  The height of all 

seats were 20 inches.    

Procedure

Before the viewing session, participants first read a consent form approved by 

the Institutional Review Board of Pacific University.  They were given opportunity to 

address any questions or concerns about the study.  After providing consent, they 

responded to the visual and physical discomfort questionnaire as well as a survey about 

their past viewing experiences and symptoms.  

They were seated in one of six seating positions.  They were encouraged to 

refrain from taking breaks during movie viewing.  Immediately after completing the 
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viewing session, they responded to the immersion questionnaire and the visual/physical 

symptom questionnaires.  They reported any viewing symptoms they still had via email 

next morning.

Statistical analysis

Participants were grouped based on their age (13-23, 24-34, 35-45, and 46 and 

above), gender, and seating position.  Responses were categorized into groups in which 

the symptoms increased from baseline, decreased from baseline, or remained the same.  

A McNemar method was used to compute the odd ratios.  For this, the ratio of 

responses with increased symptoms to those with decreased symptoms was defined as 

the “odds ratio,” and a 95% confidence interval for the odds ratio was constructed

(Fleiss, 1981).  Natural log odds ratios and their confidence intervals were constructed 

for graphical representation of the relative impact of display dimension (2D vs. 3D) on 

symptoms.  Confidence intervals that do not overlap zero demonstrate a significant 

increase or decrease of symptoms from baseline.  Non-overlapping confidence intervals 

are significantly different from each other at an adjusted α = .05 (Bonferroni equivalent 

of 3 paired comparisons).  

Principal components factor analysis was used to combine symptoms into 

internal ocular (eyes ache or sore, pain inside, pulling sensation: α = .79), external ocular 

(dry, irritated, burning: α = .63), and physical (neck, shoulder, back: α = .73) subscales, 

based on our previous exploratory analysis on the co-occurrence of these symptoms 

(Sheedy, Hayes, & Engle, 2003).  Analysis of covariance was conducted to determine the 

relationship among display dimension (2D vs. 3D), age, gender, and seating position on 
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symptoms.  The magnitude of symptom prior to movie viewing was used as a covariate 

to control for the symptoms participants had prior to viewing.  Symptoms related to 

vergence and accommodation response (blurred vision and double vision), and those 

related to motion sickness (dizziness, nausea, and disorientation) were entered into 

analysis of covariance separately.  

To correlate prior visual experiences/symptoms with measurements of the 

above five symptom categories (internal ocular, external ocular, physical, visual [blurred 

vision and double vision], and motion symptoms [dizziness, nausea, and disorientation]), 

Cronbach α correlation scores were computed.    

Results

Pre- and Post-Viewing Symptoms

Table 3 shows the frequencies of decreased and increased symptoms in 

comparing pre- and post-movie questionnaire responses.  Analysis of the frequency in 

symptom changes show that participants in the 2D group had only a slight overall 

majority of increased symptoms compared to decreased symptoms (187 vs. 172); those 

in the 3D group had more increased symptoms compared to decreased symptoms (302 

vs. 143).

-- Table 3 --

Figure 1 presents the change in ocular and physical symptoms from pre- to post-

viewing for 2D (solid) and 3D (dotted) groups, expressed as odds ratios. The bars show 

the 95% range of the odds ratios based on the frequency of change for 2D and 3D 

groups in relation to the baseline (pre-viewing).  Positive values indicate more increases 
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than decreases in the frequency of individual symptoms, and negative values more 

decreases than increases.  A bar not overlapping value 0 indicates a significant 

difference in decrease and increase frequencies in the corresponding symptom.  

Significant differences in the increase/decrease frequency between 2D and 3D viewing 

are indicated by the lack of overlap between their corresponding bars for the same 

symptom.  

Figure 1 shows results for ocular and physical symptoms.  In it, the 2D group had 

significant increases in the frequency of reported gritty or sandy eyes, tension or pulling, 

neck ache, and backache after the movie.  The 3D group had significant increases in 

burning on the surface of the eye, eye ache, pulling sensation, and neck ache.  There 

was a decrease in tiredness/sleepiness.

In addition, stereoscopic 3D viewing resulted in the greater increase in the 

frequency of reported eye sore/pain than 2D, but less increase in sandy eyes and 

backache.  

-- Figure 1 --

Figure 2 presents the change of frequency in visual and motion symptoms from 

pre- to post-viewing for 2D (solid) and 3D (dotted) groups. In it, 2D group had 

significant increases in the frequency of reported multiple images during the movie, but 

decrease in multiple images after the movie.  The 3D group had significant increases in 

the frequency of blurred vision and multiple images during and after the movie.  The 3D 

group also reported greater increases in the frequency of blurred vision and multiple 

images than 2D.
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In addition, it shows that the 2D group had significant decreases in the frequency 

of reported dizziness and disorientation during the movie, but not after the movie.  The 

3D group had significant increases in the frequency of reported dizziness and 

disorientation during and after the movie, and nausea after the movie.  Comparisons 

between 2D and 3D symptoms reveal greater increase in the frequency of dizziness and 

disorientation during and after movie for stereoscopic 3D viewing.  

-- Figure 2 --

Ocular and Physical Symptoms  

Confirmatory principle component analysis was conducted to compute 

composite scores for five latent variables: internal ocular, external ocular, physical, 

visual, and motion symptoms.  This was done for both pre- and post-viewing responses.  

Analyses of covariance were then conducted for the first three variables, with their 

corresponding pre-viewing symptom scores serving as covariates. 

Seating position.  Analysis of covariance revealed a significant effect of display 

dimension (2D vs. 3D) on internal ocular symptom (F(1, 190) = 6.743, p = .01), but not 

seat position (F(1, 190) = 1.099, p = .363), nor the interaction between dimension by 

seating position (F(5, 190) = .515, p = .765).  Viewing the 3D movie led to an increase in 

internal ocular symptoms (mean = .195) than 2D viewing (mean = -1.147).  Here the 

negative mean for 2D viewing does not reflect the original score but the estimated 

composite score of internal ocular symptoms (hence at times negative values).  

For external ocular symptoms, there was no effect of dimension (F(1, 190) = 

1.168, p = .281) and seating position (F(5, 190) = .520, p = .761).  There was a significant 
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interaction between seat position and display dimension for external ocular symptoms

(F(5, 190) = 2.571, p = .028).  Stereoscopic 3D viewing resulted in greater external ocular 

symptoms than 2D viewing for those sitting at rightward and farther positions.

For physical symptoms, there was no effect of display dimension (F(1, 190) 

= .027, p = .871) and seating position (F(5, 190) = .429, p = .828), nor their interaction 

(F(5, 190) = .722, p = .608).  

Gender.  There was no effect of gender (F(1, 186) = .000, p = .997) on internal 

ocular symptoms, nor any interaction between gender and display dimension (F(1, 186) 

= 2.114, p = .148).  

There was no effect of gender on external ocular symptoms (F(1, 184) = 1.437, p

= .232), but a marginally significant dimension by gender interaction (F(1, 184) = 4.057, 

p=.045).  Women had greater external ocular symptoms (mean = .201) than men (mean 

= -.180) in 2D viewing; there was no difference between women (mean = -.055) and 

men (.042) in stereoscopic 3D viewing.

There was no effect of gender (F(1, 186) = .962, p = .328) nor an interaction 

between gender and display dimension (F(1, 190) = .060, p = .807) on physical 

symptoms.

Age.  There was no effect of age (F(1, 189) = 1.019, p = .399) or interaction 

between age and display dimension on internal ocular symptoms (F(3, 189) = .354, p

= .841).   

In addition, there was no effect of age (F(1, 187) = .232, p = .920), but there was 

a marginally significant interaction between display dimension and age (F(3, 187) = 
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2.405, p = .051) on external ocular symptoms.  Participants of ages 13-24 had greater

external ocular symptoms in 3D viewing (mean = .199) than 2D viewing (mean = -.296), 

whereas 45+ group had greater external ocular symptoms in 2D viewing (mean = .234) 

than 3D viewing (mean = -.059).  

There was no effect of age (F(1, 186) = .657, p = .622), and no interaction 

between age and dimension (F(1, 186) = .414, p = .798) on physical symptoms.  

Visual Quality and Motion Symptoms

Visual symptoms include blurred vision and double vision.  Since they are likely 

affected by accommodation and vergence respectively, analyses of covariance was 

conducted for these two symptoms separately.  In addition, motion symptoms including 

dizziness, nausea, and disorientation were also analyzed due to their frequent 

occurrence for 3D viewers.  The symptoms perceived during and after movie viewing 

were analyzed separately.  Corresponding pre-viewing symptoms were entered as 

covariates.  

During movie viewing.  For blurred vision, there were effects of dimension 

(F(1,108) = 16.153, p < .0001) and age (F(3, 108) = 2.826, p = .042), but not seating 

position (F(5, 108) = .395, p = .851) and gender (F(1, 108) = .077, p = .781).  There was 

marginal interaction between age and display dimension (F(3, 108) = 2.250, p = .078).  

Blurred vision during 2D viewing (mean = 1.092) was lower than during 3D viewing 

(mean = 1.483, p < .0001).  Participants in 13-23 (mean = 1.367) and 24-34 age groups 

(mean = 1.393) reported a greater increase in blurred vision than those in 35-45 age 

group (mean = 1.099). 
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Figure 3 shows the interaction between display dimension and age.  While there 

was no effect of age on blurred vision for 2D viewing, there was significantly greater 

blurred vision for younger participants than older ones for 3D viewing.  

-- Figure 3 --

For double vision, there was an effect of dimension (F(1,109) = 7.221, p = .008), 

but not age (F(3, 109) = 2.351, p = .076), seating position (F(5, 109) = .255, p = .937), nor 

gender (F(1, 109) = .747, p = .389).  There was no interaction among these four variables. 

Again, 2D viewing (mean = 1.024) resulted in weaker double vision symptoms than 3D 

viewing (mean = 1.325). 

For dizziness, there were no effects of dimension (F(1,110) = .543, p = .463), age 

(F(3, 110) = 498, p = .684), seating position (F(5, 110) = .805, p = .549), nor gender (F(1,

110) = .2.185, p = .142).  There was an interaction between dimension and age (F(3, 110) 

= 3.748, p = .013), and among dimension, seating, and age (F(15, 110) = .2.052, p = .030).  

Figure 4 shows that younger age groups (13-23 and 24-34) had greater dizziness in 3D 

condition whereas older groups (35-45 and 46+) reported greater dizziness in 2D 

condition.  For the 3-way interaction, older participants (46+) reported greater dizziness 

than other groups while seating at seat 2 (slight leftward) during 2D viewing, whereas 

younger participants (13-23) at seat 1 (most leftward) and 24-34 at seat 2 reported 

greater dizziness than older participants (46+) during 3D viewing.  No effects were found 

for other seating positions.

-- Figure 4 --
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For nausea, there was no effect of dimension (F(1,110) = .035, p = .852), seating 

position (F(1, 110) = 596, p = .703), gender (F(1, 110) = .376, p = .541), nor age (F(3, 110) 

= 1.400, p = .247).  There was no interaction among these four variables.  

For disorientation, there was no effect of dimension (F(1,108) = 2.496, p = .117), 

age (F(3, 108) = .301, p = .824), seating position (F(5, 108) = .336, p = .890), nor gender 

(F(1, 108) = .001, p = .982).  There was no interaction among these four variables. 

After movie viewing.  For blurred vision, there was marginal effect of dimension 

(F(1,107) = 2.961, p = .088), but not seating position (F(5, 107) = .310, p = .906), gender 

(F(1, 107) = .242, p = .624), nor age (F(3, 107) = .531, p = .662).  There was no interaction 

between the four variables.  3D viewing (1.296) led to greater blurred vision than 2D 

viewing (1.136).  

  For double vision, there was marginal effect of gender (F(1, 107) = 3.488, p

= .065), but not dimension (F(1,107) = 1.623, p = .205), seating position (F(5, 107) = 

1.203, p = .313), nor age (F(3, 107) = 1.530, p = .211).  There was no interaction among 

the four variables.  Women (1.137) reported slightly greater double vision than men 

(1.080). 

For dizziness, there was marginal effect of gender (F(1, 110) = .3.817, p = .053), 

but not dimension (F(1,110) = .451, p = .503), seating position (F(5, 110) = .846, p = .520), 

nor age (F(3, 110) = .691, p = .559).  There was interaction between dimension and age 

(F(3, 110) = 3.440, p = .019).  Women (1.135) reported slightly greater dizziness 

symptoms than men (1.061).  Dizziness symptoms were higher in 3D viewing than in 2D 
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viewing for 24-34 group, but the opposite for 45+ group.  This was consistent with their 

effect on dizziness during movie viewing.

For nausea, there was an effect of gender (F(1, 110) = .6.287, p = .014), but not 

dimension (F(1,110) = 043, p = .836), seating position (F(1, 110) = 757, p = .583), nor age 

(F(1, 110) = 1.564, p = .202).  There was interaction between dimension and seating 

position (F(1, 186) = .2.496, p = .035), dimension and age (F(1, 186) = .5.420, p = .002), 

and seating and age (F(1, 186) = .2.496, p = .035).  Women (mean = 1.241) reported 

higher nausea symptom than men (mean = 1.025).  Younger participants (13-23) 

reported greater nausea symptoms when seated on the edge of the seating 

arrangement (seat 1, 2, and 5).  After 2D viewing, seating positions with greater viewing 

angle (seats 1 and 5) resulted in greater nausea symptoms than central seats (2 and 3); 

after 3D viewing, central seating position resulted in greater symptoms than those with 

wider viewing angles.

Figure 5 shows the interaction between display dimension and age.  For younger 

participants (24-34), greater nausea symptoms were reported after 3D viewing than 2D 

viewing; for older participants (46+), the opposite was observed.  

-- Figure 5 --

For disorientation, there was no effect of dimension (F(1,110) = 1.239, p = .268), 

seating position (F(1, 110) = .477, p = .793), gender (F(1, 110) = .019, p = .889), nor age 

(F(1, 110) = .154, p = .927).  There was a marginal interaction between display 

dimension and age (F(3, 110) = 2.645, p = .053).  Again, for younger participants (24-34), 

greater nausea symptoms were reported after 3D viewing (1.217) than 2D viewing 
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(.998); for older participants (46+), 2D viewing (1.124) resulted in slightly greater 

disorientation than 3D viewing (1.038).

Sense of Immersion

The five immersion questions were analyzed separately in relation to seating 

position, gender, and age using univariate ANOVA; no covariate was used as immersion 

responses were not measured before viewing.  

For perceiving objects as moving in space, there were effects of dimension 

(F(1,109) = 17.169, p < .0001), seating position (F(5, 109) = 3.191, p = .010), gender (F(1,

109) = 3.988, p = .048), but not age (F(3, 109) = .425, p = .735).  There was no interaction 

between the four variables.  The perception of objects moving in space was higher in 3D 

viewing (mean = 4.111) than 2D viewing (mean = 3.281).  Sitting at the center (seats 2 

and 3) resulted in greater sense of object motion than to the right side (seat 5) and 

farther (seat 6).  Women (4.111) reported greater sense of object motion than men 

(3.281).

For perceiving oneself moving through the space, there was an effect of 

dimension (F(1,110) = 9.118, p = .003), but not seating position (F(5, 110) = .608, p

= .694), gender (F(1, 110) = .240, p = .625), nor age (F(3, 110) = .669, p = .573).  There 

was no interaction between the four variables.  The perception of oneself moving 

through space was higher in 3D viewing (mean = 2.939) than 2D viewing (mean = 2.298).  

For the involvement in the movie, there was an effect of gender (F(1,110) = 

10.760, p = .001) and marginal effect of seating position (F(5, 110) = 2.216, p = .058), but 

not dimension (F(1, 110) = .753, p = .388), and age (F(3, 110) = .448, p = .719).  There 
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was an interaction between dimension and seating position (F(5, 110) = 2.698, p = .024).  

Women (mean = 3.610) reported greater involvement in the story than men (mean = 

3.264).  Sitting at the center and closer to the screen (seat 3, mean = 3.738) resulted in 

greater sense of involvement than sitting at the right but farther away (seat 6, mean = 

3.033).

For the interaction between display dimension and seating position, for 2D 

viewing central seats (seat 3 and 6) resulted in greater involvement than seats with 

greater viewing angle (seats 1 and 5); in 3D viewing, the opposite was observed.  

For the effect of display quality on viewing enjoyment, there was no effect of 

dimension (F(1,111) = .006, p = .937), seating position (F(1, 111) = 1.051, p = .391), 

gender (F(1, 111) = 386, p = .536), nor age (F(1, 111) = .623, p = .602).  There was no 

interaction between the four variables.  

For reporting losing track of time, there was no effect of dimension (F(1, 108) = 

2.667, p = .105), seating position (F(1, 108) = 386, p = .857), gender (F(1, 108) = 2.182, p

= .143), nor age (F(1, 108) = 1.886, p = .136).  There was no interaction between the four 

variables.  

Correlation between Previous Experiences, Discomfort, and Immersion  

Table 4 shows the correlation between prior viewing experiences and the five 

composite viewing symptoms.  Participants in the 2D group who reported previous 

visual symptoms in movie, TV, and computer viewing also reported some or all of 

symptom categories.  For 2D viewing, there was no correlation between symptom 

categories in the present study and perceived immersion for 2D viewing.  For 
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participants in 3D group, similar correlations between previous viewing experiences and 

symptom categories were also observed, although to a less extent.  However, there was 

a negative correlation between how involved the viewer was and internal/external 

ocular symptom categories, and between physical/visual symptoms and losing track of 

time.   

-- Table 4 --

Discussions

The primary purpose of this study was to determine the level and frequency of 

visual and physical symptoms, as well as the perceived immersion, associated with 3D 

movie viewing in a home theater setting.  Viewing position was manipulated to examine 

the likely effect of viewing angle and distance on viewers’ symptoms and immersion.  

Results show that participants in both 2D and 3D viewing reported a somewhat 

overlapping set of slightly heightened ocular and physical symptoms, including 

tension/pulling sensation in the eye, neck ache, and seeing multiple images after movie 

viewing.  

Comparisons between 2D and 3D viewing reveal that 3D viewing resulted in 

greater increases in some symptoms than 2D viewing during movie viewing.  These 

include blurry vision, seeing multiple images (double vision), dizziness, and 

disorientation during movie viewing, and dizziness and nausea after movie viewing.  

These symptoms were very moderate, generally no greater than 2 on a 5-point scale.

Conversely, 3D viewing also led to greater sense of immersion with regard to 

motion perception, with enhanced perception in object motion as well and perceived 
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self-motion in space.  The difference in the symptoms between 2D and 3D viewing were 

greater during movie viewing; it was only marginally different after movie viewing, 

except nausea.

In general, participants with the central and closer seating positions reported 

greater immersion, but also greater symptoms in motion sickness in stereoscopic 3D 

viewing.  Older participants reported greater dizziness and nausea in 2D viewing, 

especially with greater viewing angle and farther distance, whereas younger participants 

reported greater blurred and double vision, dizziness, and nausea in 3D viewing, 

especially when seated closer and with smaller viewing angle.  Female viewers reported 

greater immersion (perceived involvement in the movie) and greater ocular and motion 

symptoms in 3D viewing than 2D viewing.  

Previous experiences of viewing symptoms in 2D viewing of movie, TV, and 

computer predict visual symptoms in 2D and 3D viewing.  Sense of immersion in 2D 

viewing does not predict symptoms in 2D viewing.  In 3D viewing, there was weaker 

immersion when viewing symptoms were more severe.  

To summarize, our present findings suggest that symptoms in stereoscopic 3D 

viewing result from different causative factors.  Movie viewing likely causes general 

ocular and physical symptoms associated with performing sustained visual tasks.  In 

contrast, 3D viewing is quite specific in causing blurred vision and double vision, and the 

resultant symptoms are greater for younger adults.  Stereoscopic 3D viewing also results 

in greater sense of immersion but more motion sickness symptoms, and this is 
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especially so for younger adults.  Central and closer viewing distance incurs greater 

immersion but also stronger motion sickness symptoms in 3D viewing.      

Movie Viewing and Visual Discomfort

Sustained viewing on a display surface has been known to cause transient visual 

and physical discomfort, and especially in viewing stimuli on a near computer display 

(Sheedy et al., 2004; Rempel et al., 2007).  The present study demonstrates that ocular 

and physical symptoms reported by movie viewers appear to result from watching a 

movie for an extended period of time, and are not unique to the dimension (2D versus 

3D) of movie display.  

In line with this, our survey of previous viewing experiences of participants in the 

present study showed that those with previous viewing discomfort in movie/computer 

viewing also reported greater visual discomfort in the present 2D and 3D viewing.  Their 

previous experiences and symptoms however did not predict whether they perceived 

greater immersion in 2D viewing.  Rather, greater viewing symptoms led to weaker 

immersion in 3D.  

Since reported previous 2D viewing symptoms with different visual media 

predict both 2D and 3D viewing symptoms, some underlying physiological deficits might 

underscore the occurrence of these symptoms.  These symptoms are of variable 

categories (internal, external, physical and visual) and likely are results of various 

stressed physiological systems. 
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3D viewing Demand and Viewing Symptoms  

Viewing stereoscopic 3D content poses unique challenges to viewers compared 

to other similarly sustained viewing conditions.  When fixating at a 3D object away from 

the screen distance, the binocular disparity created by 3D rendering results in a 

vergence demand that conflicts with the accommodation demand for focusing on the 

screen.  As vergence stimulation induce different levels of accommodation response and 

vice versa for each individual, 3D viewing could cause insufficient vergence and 

improper accommodation for some viewers when they view a stereoscopic 3D object 

closer or farther than the screen distance.  Consistent with previous findings and the 

above prediction, in the present study there were increased observations of double 

vision (multiple images) and blur with 3D viewing compared to 2D viewing.  

The observed double and blurred vision in 3D viewing could have resulted from 

at least three primary sources: incomplete filtering of the images as intended for each 

eye, physiological diplopia (double vision) that exists in everyday viewing, and 

inappropriate convergence responses.  Poor 3D rendering could create crosstalk or 

ghosting, due to slow refresh rate or imperfect image separation in the two eyes, and 

causes visual disurption (Seuntiens, Meesters, and Ijsselsteijn, 2005).  Physiological 

diplopia occurs in real-life viewing, where the image of an object will appear as double 

or blurred when it is at a distance significantly different from the one for which we are 

converged. 

The cause of double image in 3D viewing could be the crosstalk between images 

intended for the two eyes; factors such as the synchronization of active shutter glasses 
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can be less than ideal and cause perceived multiple images.  This issue can only be 

addressed by comparing different rendering methods and display devices on seeing 

multiple images.  In addition, since more individuals reported seeing multiple images in 

3D viewing than 2D viewing, the difference in seeing double cannot be attributed to 

individual differences in physiological diplopia, unless our random assignment of 

viewing condition is not effective in controlling the underlying factors causing 

physiological diplopia.  We think this is highly unlikely.  

We suspect that improper vergence responses at least partly contribute to the 

more frequent perception of double and blurred vision in 3D viewing.  More frequent 

blurred vision in 3D viewing observed in the present study could result from improper 

accommodation or subtle double vision, due to the excessive vergence demand and 

improper accommodation generated by the binocular disparity.  

3D-Induced Motion Perception, Immersion, and Physical Symptoms

Greater sense of involvement, or “immersion,” in the movie is one of the 

intentions of stereoscopic 3D display.  Greater amount of motion in depth is typically 

included in 3D movies to enhance immersion.  As expected, participants in the present 

study reported a greater sense of object motion in space and perceived self motion in 

space in 3D viewing; and greater motion sickness symptoms were also reported with 3D 

than 2D viewing. 

Motion sickness is known to result from conflicting visual, vestibular, and 

proprioceptive signals in the brain (Speranza et al., 2006; Häkkinen, 2006).  In viewing a 

3D movie, only the visual system is signaling movement; the vestibular and 
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proprioceptive systems signal that the person is sitting still in a chair.  This disconnect 

between the internal signals likely is the cause of greater dizziness, nausea, and 

disorientation during 3D viewing.  

Our findings show that seating angle and distance moderately affect perceived 

immersion and viewing symptoms.  Sitting further away and with greater angle in 

relation to the screen reduces the sense of immersion; these also attenuate the 

symptoms of 3D viewing.  This can be explained by either the amount of engagement to 

the viewing, or by the level of visuo-ocular responses the 3D stimulus is able to trigger.  

Sitting farther away and with greater viewing angle also somewhat results in greater 

symptoms in 2D viewing, which can result from the reduced luminance and contrast 

level, or image distortion.  Systematic manipulation of viewing distance and angle may 

better examine these hypotheses.  

Individual Differences in 3D Movie Viewing

The analysis of symptom frequencies in the present study confirms anecdotal 

evidence that only a limited portion of viewers may experience one or some of reported 

symptoms.  This raises the issue of how to identify individuals susceptible to these 

symptoms in stereoscopic 3D viewing.  

Our results consistently show an interaction between display dimension and age 

on viewing symptoms and perceived immersion.  Younger (24 to 34-year-old) 

participants incurred greater increases in visual and motion-related symptoms than 

older ones (46-year-old or older) in 3D viewing, whereas older participants reported 

greater ocular symptoms in 2D viewing than younger viewers.  Assuming that 3D 
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viewing places a greater amount of vergence demand, our findings indicate that older 

adults are less susceptible to such vergence demand, but have greater difficulty in 

performing sustained visual tasks such as watching a movie.  These findings are 

consistent with the clinical knowledge that older individuals suffer from presbyopia and 

are not able to change accommodation (Sheedy and Saladin, 1975).  This enables the 

older viewer to converge without causing accommodative or focus changes, likely 

explaining why the older age group reported fewer symptoms of blur during 3D viewing.  

Conversely, younger individuals typically have more closely linked accommodative and 

vergence processes, and this might cause more severe problems for them in 3D viewing

than older adults due to the vergence stress.

Female viewers reported they were more involved in movie viewing, and also 

had a greater level of ocular and motion symptoms.  These effects did not interact with 

display dimension or age, suggesting that their symptoms either result from better 

viewing attention or from a better involvement in the study itself.  Presently we do not 

have any direct evidence that such effects are the result of physiological difference 

between women and men.   

The negative correlation between immersion and visual symptoms points to the 

possibility that heightened symptoms distract the viewers from movie viewing, or even 

force them to intentionally disengage from it.  Indeed, some viewers in the post-viewing 

interview indicated that they had to remove the 3D glasses, close their eyes, or even 

look away from the screen to alleviate the discomfort they felt.  The disruption in movie 

viewing no doubt would affect the viewer’s immersion in the story. Another possibility 
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is that highly immersed individuals are less likely to perceive symptoms; this explanation 

however contradicts our findings that in most conditions where immersion was 

enhanced, visual/motion symptoms were also heightened.  Future studies should 

investigate how stereoscopic 3D content, such as the amount of binocular disparity, 

impacts viewing experience along with the visual and display factors affecting the 

relationship between immersion and perceived symptoms.          

To conclude, stereoscopic 3D viewing causes elevated visual and motion 

symptoms, which mostly dissipate after viewing.  Viewer’s age appears to play a 

significant role in determining the type and severity of visual and physical symptoms in 

2D and 3D viewing, as well as affecting the perceived sense of immersion in viewing 3D 

movie.  Further studies should investigate how specific individual visuo-ocular 

characteristics affect viewing experiences.  
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Figure Captions

Figure 1. The 95% confidence intervals of the natural log odds ratio for changes in ocular

and physical symptoms (Red = 2D, n=100; Blue = 3D, n=103).  Bars placed 

entirely to the right of zero (0) indicate symptoms significantly increased 

during or after viewing in relation to the baseline (before viewing).  Bars 

completely left of zero indicate a significant decrease in symptoms.     

Figure 2. The 95% confidence intervals of the natural log odds ratio for changes in visual 

and motion symptoms (Red = 2D, n=100; Blue = 3D, n=103).  Illustrated as in 

Figure 1.     

Figure 3. The interaction effect of display dimension and age on blurred vision during 2D 

and 3D viewing. Here error bars indicate the 95% confidence interval.     

Figure 4. The interaction effect of display dimension and age on the changes in the 

dizziness symptom during 2D and 3D movie viewing.  

Figure 5. The interaction effect of display dimension and age on the changes in the 

nausea symptom during 2D and 3D movie viewing.
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Table 1.  Visual and physical discomfort questionnaire.  Subjects used a computer 

mouse to mark the degree of visual/ocular/physical symptoms on the analogy 

scale displayed on screen.

Not at all                   Mildly              Moderately             Severely             Extremely

1. Did you feel physically more uncomfortable in general?
2. Did your eyes feel more tired?
3. Did your eyes feel more strain or pulling sensation?
4. Did your feel your head is fuller or have greater headache?
5. Did your feel greater disorientation or vertigo?
6. Did you notice greater blur from the scene you were viewing?
7. Did you have greater trouble visually focusing on the scene? 
8. Did you feel more severe dizziness?
9. Did you see multiple images of the scene more?
10. Did you see the words move, jump, swim or appear to float on the page more?
11. Did you feel greater neck ache?
12. Did you feel more tired or sleepy?
13. Did you have greater difficulty concentrating in the task?
14. Did you feel like you have greater difficulty thinking clearly?
15. Did you have greater trouble remembering what you have seen?
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Table 2.  Immersion questionnaire.  Subjects used a computer mouse to indicate the 

level of immersion responses on the analogy scale displayed on screen.

                     The movie was convincing at showing objects moving through space.

     Strongly Disagree          Disagree                    Neutral                    Agree               Strongly Agree

There was a sense that you were moving around inside the movie.

      Strongly Disagree          Disagree                   Neutral                    Agree                Strongly Agree

How involved were you in the story?

               Not at all                   Slightly                 Acceptably                   Very                     Extremely

Did the quality of the visual display distract you or interfere with enjoying the movie?

               Not at all                   Slightly                 Somewhat                 Greatly                   Extremely

Were you involved in the movie to the extent that you lost track of time?

        Not at all                   Slightly                  Somewhat                Greatly                Completely
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Table 3.  Frequencies of responses to the visual and physical symptom questionnaire, 
and resultant odds ratios, for home theater viewing.  Here “+” indicates an increase in 
symptom level and “-” a decrease.  

2D 3D
Symptoms Symptoms

+ - Same N
Odds 
Ratio + - Same N

Odds 
Ratio

Dry 13 17 70 100 0.8 18 19 66 103 0.9
Wet 19 13 67 99 1.5 19 14 70 103 1.4
Irritated 18 15 67 100 1.2 15 10 77 102 1.5
Gritty/sandy 5 0 95 100 6.0 4 5 94 103 0.8
Eye burning 7 6 87 100 1.2 14 6 82 102 2.3
Eyes ache 18 17 65 100 1.1 14 6 82 102 2.3
Pain inside eyes 5 4 91 100 1.3 15 2 86 103 7.5
Eye “pulling” 10 3 87 100 3.3 23 5 75 103 4.6
Neck ache 16 10 74 100 1.6 17 9 77 103 1.9
Shoulder Ache 10 12 78 100 0.8 6 6 91 103 1.0
Backache 13 6 81 100 2.2 7 9 87 103 0.8
Tiredness 21 30 49 100 0.7 15 34 54 103 0.4
Blurry vision 
after the movie 6 5 88 99 1.2 17 4 79 100 4.3
Blurry vision 
during the movie 7 9 83 99 0.8 37 7 57 101 5.3
Multiple images 
after the movie 3 1 94 98 3.0 11 0 90 101 12.0
Multiple images 
during the movie 1 3 94 98 0.3 30 0 73 103 31.0
Dizziness after 
the movie 5 5 90 100 1.0 7 2 94 103 3.5
Dizziness during 
the movie 2 5 93 100 0.4 9 2 92 103 4.5
Nausea after the 
movie 2 2 96 100 1.0 2 1 100 103 2.0
Nausea during 
the movie 2 2 96 100 1.0 2 2 99 103 1.0
Feeling 
disoriented after 
the movie 3 3 93 99 1.0 9 0 94 103 10.0
Feeling 
disoriented 
during the movie 1 4 95 100 0.3 11 0 90 101 12.0
Total 187 172 1833 2192 302 143 1809 2254
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Table 4.  Correlations between symptom categories and prior experiences and 
immersion questions

Visual Symptoms Visual Quality Motion Sickness Age
External Internal Physical During After During After

2D Group
Symptoms at movies .255* .133 .242* -.004 .139 .191 .116 -.120
Symptoms viewing TV .341** .161 .296** -.014 .088 .064 .043 -.159
Symptoms using PC .421** .289** .396** .325** .254* .245* .227* -.175
Symptoms reading in 
a moving car

.112 .027 .140 .101 .090 .105 .130 -.104

See objects moving 
through space

-.086 .068 .068 .002 .010 .009 .102 -.032

Self moving through 
space

.074 -.056 .072 .064 .044 .105 .240* .034

Involved in the story -.038 -.023 .020 -.097 .025 -.015 -.020 -.077
Visual display 
distractive

-.034 .037 .155 .133 -.006 .139 .259** .197

Losing track of time .040 .062 .008 -.062 -.015 -.025 .050 -.254*

3D Group 
Symptoms at movies .086 .161 .215* .084 -.006 .022 -.012 -.127
Symptoms viewing TV .188 -.007 .196* .114 .069 -.024 -.032 -.151
Symptoms using PC .232* .044 .211* .084 .093 .073 .052 -.153
Symptoms reading in 
a moving car

.128 .095 .133 -.003 .085 .161 .136 -.059

See objects moving 
through space

-.072 -.108 -.177 -.123 -.084 -.050 -.120 .189

Sensing self moving 
through space

.023 .021 -.087 -.191 -.195* .037 .039 .191

Involved in the story -.312** -.266** -.166 -.271** -.294** -.104 -.096 .079
Visual display 
disruptive

.220* .106 .018 .259** .305** .069 .084 -.048

Losing track of time -.162 -.174 -.234* -.201* -.172 -.145 -.146 .024
* Indicates significant correlation at p < 0.05; 
** Indicates significant correlation at p < 0.01
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Figure 1
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Figure 2
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Figure 3
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Figure 4
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Figure 5


