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Abstract

The perception of synchronous, intelligible, speech is fundamental
to a high-quality modern cinema experience. Surprisingly, this is-
sue has remained relatively unexplored in stereoscopic 3D (S3D)
media, despite its increasing popularity. Instead, visual parameters
have been the primary focus of concern for those who create, and
those who study the impact of, S3D content. In the work presented
here we ask if ability to integrate audio and visual information is in-
fluenced by adding the third dimension to film. We also investigate
the effects of known visual parameters (horizontal and vertical par-
allax), on audio-visual integration. To this end, we use an illusion
of speech processing known as the McGurk effect as an objective
measure of multi-modal integration. In the classic (2D) version of
this phenomenon, discrepant auditory (/ba/) and visual (/ga/) infor-
mation typically results in the perception of a unique ‘fusion’ sylla-
ble (e.g. /da/). We extended this paradigm to measure the McGurk
effect in a small theatre. We varied the horizontal (IA: 0, 6, 12, 18,
24 mm) and vertical (0°, 0.5°, 0.75°, 1°) parallax from trial-to-trial
and asked observers to report their percept of the phoneme. Our
results show a consistently high proportion of the expected fusion
responses, with no effect of horizontal or vertical offsets. These
data are the first to show that the McGurk effect extends to stereo-
scopic stimuli and is not a phenomenon isolated to 2D media per-
ception. Furthermore, the results show that audiences can tolerate
a high level of both horizontal and vertical disparity and maintain
veridical speech perception. We consider these results in terms of
current stereoscopic filmmaking recommendations and practices.
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1 Introduction

Since the tremendous commercial success of Avatar in 2009, stereo-
scopic 3D (S3D) cinema as a medium has become increasingly pop-
ular. Hollywood has seen filmmakers from all genres adopt S3D as
an additional element to create a truly immersive film experience.
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Digital technology and conversion techniques have also promoted
the redistribution, and in some instances the conversion, of classic
films (e.g. Jurassic Park) for viewing by new audiences. Further-
more, advances in display technology, particularly in home televi-
sion and theatre options have made S3D content more widely acces-
sible. However, the degree to which consumers will continue to em-
brace S3D media will largely depend on the quality of their viewing
experience, which is determined by a range of factors, some content
based, others display based.

Not surprisingly, research on viewer experience in response to S3D
content has focused on visual factors with particular emphasis on
viewer comfort. A range of factors that contribute to viewer dis-
comfort have been well documented, and include cross-talk [Kon-
rad 2000; Pastoor 1995; Kooi and Toet 2004], keystone/geometrical
distortions [Woods et al. 1993; Stelmach et al. 2003], and conflict
between accommodation and vergence [Hiruma and Fukuda 1993;
Inoue and Ohzu 1997]. Of relevance to this study is the finding that
excessive parallax between the left and right images are a consis-
tent source of discomfort and fatigue [Woods et al. 1993; Wopking
1995; Yano et al. 2004; Speranza et al. 2006]. Such discomfort may
result from the inability to fuse large disparities—either horizontal
or vertical—into a single percept.

Although horizontal parallax is fundamental to stereoscopy, there
are upper limits beyond which viewers report discomfort and de-
graded depth percepts. In static images, the general consensus is
that disparity values up to 60-70 arcmin represent a ‘comfort zone’
[Wopking 1995]. This range is not absolute, as the fusional limit
for binocular single vision depends on stimulus factors such as
size, orientation, exposure duration, blur and other spatiotempo-
ral properties (see [Howard and Rogers 2012]). In dynamic scenes,
converging evidence suggests horizontal disparity magnitude and
motion-in-depth may interact to determine comfort [Yano et al.
2004; Speranza et al. 2006; Nojiri et al. 2006]; that is, comfort lev-
els may be determined by changing disparity. The specific correla-
tion is unclear, however Speranza et al. [2006] suggest that control-
ling for the rate of change in disparity magnitude over time—rather
than the magnitude of disparity—is critical to viewer comfort.

Whilst horizontal parallax between images is necessary for stere-
opsis, vertical parallax is an unwanted artifact that can result from
either misalignment of cameras or projectors, or from the use of
toed-in camera configurations [Allison 2007]. The fusion range for
vertical disparities is known to be smaller than that for horizontal
disparities [Ogle 1950]; however, the human eye can partially com-
pensate for vertical disparities using vertical vergence eye move-
ments. This mechanism can correct whole-field disparities of up
to 1.5° for a central isolated target [Howard et al. 1997], and in-
tegrate disparities over a fairly large area (20° diameter) [Howard
et al. 2000; Stevenson et al. 1997]. Beyond this limit, disparities
exceed the fusional range and stereopsis is degraded [Stevenson
et al. 1997]. As for horizontal disparities, the upper limit for fusion
of vertically disparate images is variable, and depends on several
factors including stimulus size and position [Howard et al. 2000],
size of the display, the global pattern of vertical disparity and the
presence of reference surfaces [Allison et al. 2000]. Under some



conditions, we are able to tolerate quite high degrees of vertical
misalignment of the two eyes’ images. For example, Speranza and
Wilcox [2002] assessed comfort while participants viewed a 30 min
IMAX film with added whole-field vertical disparity up to approx-
imately 1° simulating a substantial projector misalignment. Re-
ports of discomfort were found to increase only marginally with
increasing vertical disparity, leading to the conclusion that whole-
field vertical misalignment is not a major contributor to discomfort
associated with viewing S3D film. However, they acknowledged
that their results may only apply to very wide fields of view (as
is the case with IMAX screens). Larger displays are known to in-
crease the vertical vergence response and the vertical fusion range
[Allison 2007], which may make vertical disparities more tolera-
ble. Indeed, Allison et al. [2000] showed that while we are able to
fuse vertically offset simple stimuli on smaller displays (i.e. a com-
puter monitor), this can be impeded by the presence of competing
peripheral stimuli.

Another potentially important, but as yet unexplored, consequence
of parallax in the two eyes’ images in stereoscopic 3D media is
the disruption of audio-visual integration. Our ability to rapidly
combine and interpret visual and auditory signals is one that we
often take for granted in the natural environment where physics
constrains their temporal and spatial relationship. In film this corre-
spondence is also required, particularly in scenes with synchronized
sound, where actors speak either to one another, themselves or to
the audience. It is notable that the lips are small features, relative
to the size of the head or body. Given that the range of disparities
where binocular fusion can be obtained (both horizontally and ver-
tically) is smaller for high-frequency, narrow stimuli than for larger,
coarser features; small fine features such as the lips will be among
the first to appear doubled or diplopic in a vertically misaligned
S3D film. Thus, another potential consequence of vertical disparity
in S3D film may be a disruption of speech perception.

In this paper, we will assess whether our ability to integrate audio-
visual signals is influenced by viewing content in S3D. More specif-
ically, we will use a well-documented phenomenon known as the
McGurk Effect [Mcgurk and Macdonald 1976] to evaluate the
audio-visual integration required for speech perception, while ma-
nipulating horizontal and vertical parallax.

The McGurk effect shows that when auditory and visual phonetic
information are discrepant, the information can be combined into
a new percept that was not originally presented to either modality
[Mcgurk and Macdonald 1976]. For example, dubbing the auditory
token /ba/ on to a visual articulation /ga/ typically results in the per-
ception of a unique token, such as /da/ or /tha/. Existing research
shows that this experience of a new utterance, referred to as fusion,
occurs on upwards of 90% of trials [Mcgurk and Macdonald 1976;
Rosenblum and Yakel 2001; Green et al. 1991; Walker et al. 1995].
The strength of this illusion and its reliance on integration of vi-
sual and auditory input makes it an ideal tool to assess the status
of audio-visual integration. That is, when audio-visual integration
occurs in a typical manner, we should replicate the frequency of
‘fusion’ responses reported in the literature. If multi-modal inte-
gration is disrupted by manipulating vertical or horizontal disparity
then as these variables increase, the fusion rate (i.e. the McGurk
illusion) should decline.

2 Methods

Viewers were asked to report the token they perceived in S3D trials
that contained trial-to-trial variations in horizontal and whole-field
vertical disparities.

84

2.1 Viewers

Forty undergraduate students (20 female, mean age = 22.1 years
(sd: 5.3); 20 male, mean age = 21.4 (3.8)) participated in this ex-
periment for course credit. Observers wore their prescribed optical
correction during testing. All viewers had normal stereopsis, as-
sessed by a pre-experiment test: viewers were asked to copy the
three letters presented in a random dot stereogram with crossed dis-
parity on the projection screen. Six disparities were tested: the
smallest on-screen converted to 0.03°at the closest viewing distance
(largest 0.26°). Participant data was only included if they were able
to correctly identify the three letters with at least 0.05°of disparity.

2.2 Apparatus

The experiment was conducted in a screening room with multiple
viewers at one time. The experiment was run over three sessions
with 13, 13, and 14 viewers in the respective sessions. Images were
projected onto a white-surface cinema screen (2.97x1.65 m) us-
ing a Christie HD6K-M system (resolution 1920x1080) via Stereo-
scopic Player [Wimmer 2005]. Viewers wore LC shutter glasses
(Xpand 3D Cinema glasses) that alternately blocked the left and
right eye view at 120 Hz in synchrony with the display of the left
and right images, respectively. This provided a time-multiplexed
stereoscopic display and the percept of the content in S3D. The au-
ditory playback level was set to a moderate level. Viewers were
positioned in three rows, at viewing distances of 3.4, 4.6 and 5.8
m from the screen. At the closest distance, the screen subtended
47.2°x 27.3°0f visual angle and one pixel subtended 0.03°.

2.3 Stimuli

2.3.1 Stimulus materials/capture

A male native English speaker was filmed using a SI-2K digital
cinema camera pair with 12mm Zeiss lenses at a distance of 5ft.
Synchronized audio was recorded by a Tram TR-50 lavalier mi-
crophone, clipped to the actor’s chest. The actor was lit with a 1
kW tungsten fresnel fixture, key light from screen left. Another 1
kW tungsten fresnel fixture was directed at a white-board to screen
right; the soft diffused light ‘bouncing’ off the board was used to
fill in the shadows and decrease the contrast. A classic medium shot
was composed of the actor’s head and chest against a background
of three architectural panels with a step in depth between them. The
two side panels were lit from behind, such that the front surface of
the centre panel would be illuminated by the resulting bounced light
to a slightly higher level with the aim of enhancing the perception
of depth. See Figure 1.

Addressing the camera, the actor articulated the syllables /ba/
and /ga/ multiple times, with the clearest token selected in post-
production. Each token was recorded at one of five different inter-
axial distances (lateral offsets between the axes of the camera): 0,
6,12, 18, 24 mm. Ten stimulus clips were filmed in total (2 tokens x
5 interaxial distances). Data were encoded using a Cineform codec
[GoPro 2013] and transferred to a computer to be edited.

2.3.2 AV alignment

Four audiovisual combinations were generated: two congruent
(/ba/ba/ and /ga/ga/) and one incongruent (Visual/ga/Auditory/ba/).
Note that we only produce one incongruent pair as this combina-
tion provides the stimulus for the McGurk effect. We also gener-
ated and tested the converse condition (Visual/ba/Auditory/ga/) but
do not report these data here because this combination is not prone



(a) Right Image

(c) Right Image, Vertical Offset

(b) Left Image

(d) Left Image, Vertical Offset

Figure 1: Stereoscopic image pair of a sample stimulus from the experiment. Upper pair shows a vertically aligned pair with IA of 18 mm.
Lower pair shows 12 mm IA with a vertical misalignment. Arranged for cross-eyed fusion.

Horizontal Disparity

1A (degrees)

(mm) | Front Middle Back
0 0.00 0.00 0.00
6 0.41 0.31 0.25
12 0.75 0.56 0.45
18 1.13 0.84 0.67
24 1.50 1.12 0.89

Table 1: Degrees of horizontal disparity, converted from on-screen
parallax for 5 interaxial conditions. Values are calculated for three
viewing distances: 3.4m (front row), 4.6m (middle) and 5.8m (back)
from the screen. The screen parallax of a point on the actor’s face
near the mouth was used to define the horizontal disparity.

to the classical McGurk effect so we do not have predictions for the
effects of audio-visual disruption on this condition.

For the congruent stimuli, no dubbing was required and a single
token segment from each native recording was selected. These to-
kens were edited using a video editing software program (Adobe
Premiere CS5 [Adobe 2013]) to create segments that were approx-
imately 3 seconds long, ensuring that the visual articulation started
and ended with the actor’s mouth closed. Each started with a 1 sec-
ond fade-in from grey and ended with 1 second fade-out to grey. To
create the audiovisual incongruent stimuli, a single auditory /ga/
was selected to be dubbed on the contrasting visual token /ba/.
Stimuli were synchronized to align the burst onset of the dubbed
auditory token with the onset of the original auditory sound. The
editing software allowed this alignment to be reproduced with ap-
proximately 1 ms accuracy across trials.
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To assess the effect of horizontal parallax, we constructed fifteen
stimuli by factorially combining the audio-visual combinations and
the camera interaxial conditions (3 combinations x 5 interaxials).
Table 1 shows how the parallax in terms of on-screen pixels con-
verts to degrees of horizontal disparity at the distances correspond-
ing to each row: viewers were seated at three different viewing dis-
tances, therefore the same clip produced a different range of dispar-
ity values. Note that horizontal disparities vary across the image,
therefore we selected a common location for all clips (a point near
the mouth) to compute the horizontal or vertical pixel offsets be-
tween the left and right images.

2.3.3 Stimulus preparation

Whole-field vertical offsets of 0°, 0.5°, 0.75°, and 1° were applied
to each stimulus. For every image pair, half of the offset was ap-
plied to each image, with the left image shifted upward and the right
downward. Nominal vertical disparities were converted to equiva-
lent on-screen pixels based on the assumption of standard viewing
conditions that produce a 36° viewing angle (THX recommenda-
tions [THX 2013]). This distance is a nominal distance approxi-
mately equivalent to our middle row in the theatre. Observers in the
near and far rows will experience more and less disparity, respec-
tively. Table 2 shows the vertical disparities corresponding to each
offset for each row.

Each audio-visual token (utterance) was duplicated and repeated
three times within a trial, with a brief grey frame separating each
repetition. As a result each trial had a duration of 11 s. In total, there
were 60 trials (3 token combinations x 5 IAs x 4 vertical offsets)
which were randomized in a playlist for each experimental session.



Actual Vertical Disparity

Nominal Offset (degrees)
(degrees) Front Middle Back
0 0 0 0
0.5 0.73 0.54 0.43
0.75 1.1 0.81 0.64
1 1.46 1.08 0.86

Table 2: Vertical disparity in degrees, converted from on-screen
parallax for 4 vertical offset conditions. Values are calculated for
three viewing distances: 3.4m (front row), 4.6m (middle) and 5.8m
(back) from the screen.

2.4 Procedure

Viewers were instructed to write down the token they perceived af-
ter completion of each trial (open response). It was emphasized that
they must view the full clip before responding. To monitor viewer
behaviour, one experimenter was positioned to the side of the seat-
ing area and another at the back of the room. After the blocks of
stereoscopic trials, an additional two control blocks of audio and
visual only trials were presented. Each of the 10 native clips (2 to-
ken x 5 IA) was played as either an audio only (participants were
asked to close their eyes) or visual only (presenting the right image,
therefore 2D).

3 Results

3.1 Exclusion criteria

Our method is novel in McGurk research as many viewers were as-
sessed at one time, rather than on an individual basis. As such, a
limitation of this method is that we cannot guarantee viewers were
attending to the screen. We specifically used the McGurk illusion
as a means to study speech perception because, by definition, it re-
quires integration of both the visual and auditory signals. With this
in mind, we applied very conservative criteria to viewers responses
to identify viewers who may not have been attending to the screen.
To be included, viewers must have reported > 90% correct on con-
gruent trials, and in addition, must have shown >80% responses
other than audio to incongruent trials. Based on this criteria, only 8
participants were excluded (3 female, mean age = 22 (3.0); 5 male,
mean age = 24.6 (8.2)). After applying our exclusion criteria, the
responses of 32 viewers were analyzed (17 female, mean age =21.7
(5.4); 15 male, mean age = 20.0 (2.9)). It is important to note that
these viewers responded to the auditory token on all sixty test trials.
This uniform pattern of responses is readily explained by a viewer’s
failure to adhere to the experiment requirements, i.e. not attend-
ing to the screen. Although the eyes do not need to fixate directly
on the mouth to integrate information, the mouth must be in view
and the viewer’s gaze should not deviate from the actor’s mouth
by more than 10-20°[Paré et al. 2003]. However, we acknowledge
that other factors could explain why some viewers did not perceive
the illusion. For example, less susceptibility has been shown for
people who frequently watch dubbed movies as they have learned,
to some extent, to ignore visual articulations [Boersma 2012]. The
root causes of failures to experience the McGurk effect are poten-
tially interesting. However, the fact that the goal of the study is not
to explore the McGurk phenomenon per se, but to use it as a tool,
justifies the application of these exclusion criteria.
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Row Fusion Visual /ga/  Auditory /ba/  Other
Front 95.0 0.4 4.6 0
Middle 97.1 0.7 2.1 0
Back 98.5 0.4 1.1 0
Total (n=32) 96.6 0.5 3.0 0

Table 3: Percentage of responses to incongruent stimuli /ga/ba/,
categorized as either fusion (unique response), visual (/ga/), audi-
tory (/ba/) or other (/bga/ or /gaba/).

3.2 Single modality — audio and 2D visual only

These trials serve as a check on the intelligibility of the individual
tokens without any influence of S3D parameters. For the audio
only trials, both tokens /ba/ and /ga/ were correctly identified on
100% of trials. For the visual only trials, the visual articulation /ba/
was identified with 100% accuracy. Visual /ga/ produced average
accuracy of 76.2% (range: 68-88.3%) across the five trials. This
visual articulation is known to be mis-identified when lip-reading
as the letter /g/ is pronounced at the back of the throat and does not
form on the lips [Nitchie 1919]. Examples of incorrect responses
included /ah/, /ha/, and /ka/.

3.3 Both modalities — S3D

3.3.1 Congruent trials

The mean percentages (and standard errors) of correct responses
for each token are as follows: /ba/ba/ total correct = 94.5% (5.0)
and /ga/ga/ 99.8% (0.2). A correct response is defined as whenever
a viewer responded with a token that was identical to the congru-
ent information. Note that it is not possible with congruent trials
to determine if viewers are integrating both the auditory and visual
information or just attending to one modality. Thus, the incongru-
ent trials (the McGurk effect) are crucial to the assessment of our
hypothesis.

3.3.2 Incongruent trials

Responses were collated and tallied according to three categories:
visual response (/ga/), auditory response (/ba/) and fusion response
(unique percept). Previous research [Mcgurk and Macdonald 1976;
Rosenblum and Yakel 2001; Green et al. 1991; Walker et al. 1995]
suggests we should expect to see a high proportion (> 90%) of fu-
sion responses.

The average percentages of responses for each row are shown in Ta-
ble 3. Note that there were no responses that would be classified as
‘other’. Since disparity scales with viewing distance, we looked for
a difference in the proportion of responses across rows (i.e. viewing
distance). Although suggestive of a trend, an ANOVA revealed that
there was no effect of viewing distance on the proportion of fusion
responses in this experimental set-up (F(2,57)=2.68, p=0.08). We
therefore collapsed over rows for subsequent analyses.

To determine if our incongruent stimuli produced a McGurk ef-
fect, an ANOVA was used to test for effects of presentation con-
dition (congruent /ba/ba/; congruent /ga/ga/; audiovisual incongru-
ent) on number of ‘incorrect’ responses. Here, we define an incor-
rect response as one that did not match either the visual or audi-
tory token: note that in the incongruent trials, this would constitute
an expected-fusion McGurk response. This test revealed a signifi-
cant effect for the presentation condition (F(1.04, 19.67) = 308.32,
p<.001). Post-hoc tests (Bonferroni correction) revealed that the
AV incongruent condition was significantly different from each in-
dividual congruent condition at the p < 0.001 level. Thus, these



1A VO (deg)

(mm)| 0 05 075 1
0 100 100 969 9338
6 | 938 875 938 906
12 1938 100 100 90.6
18 | 100 100 93.8 100
24 | 875 969 969 96.9

Table 4: Percentage of expected-fusion responses to incongruent
stimuli /ga/ba/. Each cell represents a unique combination of hori-
zontal and vertical offsets.

results reveal a significant McGurk effect with the incongruent pair-
ing of /ga/ and /ba/.

3.4 S3D variables

Table 4 shows the percentage of fusion responses recorded for each
combination of IA and vertical offset for the McGurk fusion con-
dition. Each trial employed a unique combination of a horizontal
and vertical disparity (including a trial with no disparity). Most re-
sponses were the expected-fusion responses with all of the remain-
ing responses indicating a single modality; no ‘other’ responses
were recorded. The effect of each type of parallax can be assessed
by considering each variable in isolation.

3.4.1 Effect of horizontal offset

Figure 2 shows the percentage of fusion responses for the McGurk
combination grouped by horizontal disparity (i.e. collapsed over
vertical offset). Expected-fusion responses were greater than 91%
for all conditions. The highest percentage of fusion responses was
recorded at IA 0 mm, and this is matched at the larger offset of
18mm. A small proportion of responses were made to a single
modality, with auditory responses more common than visual.

3.4.2 Effect of vertical offset

Figure 3 shows the percentage of responses to the McGurk fusion
stimulus grouped by vertical offset (i.e. collapsed over interaxial
distance). Again, a high proportion, 94% or greater, of expected-
fusion responses is seen for all conditions, and there is a bias toward
auditory responses when reporting a single modality.

100
OOmm ©e W12 W18 W24
80

60

40

Percentage of Responses

20

[E——— ]
Auditory

o ———
Fusion Visual

Response Category

Figure 2: Percentage of responses to incongruent stimuli /ga/ba/,
grouped by interaxial distance.
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3.5 Statistics

We used a log-linear analyses to examine the relationship between
our variables and response frequencies. Analysis was established
with three levels (2x4x5): response type', vertical offset and inter-
axial distance. The generated model retained only a main effect of
response type (likelihood ratio, x?(38) = 0,p = 1), suggesting
that there was a significant difference in the frequency of ‘fusion’
responses compared to ‘other” responses (x2(1) = 657.23,p <
0.001). There was no main effect of interaxial distance or verti-
cal offset, nor an interaction with response type. In other words,
the analysis seems to reveal that there is no effect of S3D variables
on the proportion of fusion responses on incongruent trials. Taken
together, our results show that the McGurk effect was consistently
and reliably produced in stereoscopic 3D content. The proportion
of expected-fusion responses was not affected by horizontal dispar-
ities produced by IAs of up to 24mm and with vertical offsets up to
1°. Furthermore, combinations of these offsets had no effect on the
proportion of expected-fusion responses, when compared to trials
with no offset (0 mm, 0°).

4 Discussion

In this study, we used the McGurk effect as an empirical probe
to assess audio-visual integration in S3D film. Our results are the
first to show that the McGurk effect is experienced in S3D content:
stereoscopic visual information was integrated with audio output to
generate a consistently high proportion of fusion responses. Fur-
thermore, we show that perception of the illusion is not affected by
large horizontal or vertical offsets, or a combination of such off-
sets. Taken together, the results of the present study show that ex-
cessive parallax does not interfere with speech processing, showing
that audio-visual integration is essentially the same in S3D as in 2D
content. These findings suggest that the McGurk effect reflects nat-
ural processes that occur in everyday audio-visual perception rather
than a curiousity of 2D media perception.

4.1 Interaction of Offsets

The data obtained in this study are important for they reveal that on-
screen horizontal and whole-field vertical disparities of up to 1.5°
(at the closest viewing distance) do not interfere with the ability to
process visual information and integrate it with audio information
in order to perceive speech. Furthermore, we show that even when
large stereoscopic effects are combined with vertical misalignment,
there is similar resilience of audio-visual integration of speech sig-
nals.

4.2 Reinforcing Recommendations

Despite finding considerable tolerance of the McGurk effect to ver-
tical misalignment, we maintain that vertical offsets should always
be avoided in S3D film content to create an easily fused image.
Whilst some misalignment in may occur and go unnoticed by view-
ers, large offsets like those used here would create a noticeably
uncomfortable image and typically produce a double image (sub-
jectively, the vertical offsets employed here straddled the fusion
limit). It would be valuable to assess the relationship between
diplopia points for both vertical and horizontal disparity and the
McGurk effect to determine if images do need to be fused to per-
ceive speech accurately, particularly under normal viewing condi-
tions where S3D content is watched for much longer periods of

'One assumption of the analysis is that all cells have an expected fre-
quency greater than 1. Cells for auditory and visual responses did not meet
this assumption and so were collapsed into one category called ‘other’.
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Figure 3: Percentage of responses to incongruent stimuli /ga/ba/,
grouped by vertical offset.

time. Nevertheless, our results show no effect on the proportion
of fusion responses, suggesting that audio and visual information
can still be integrated at large offsets and result in accurate speech
perception. However, this does not negate the desirability of min-
imizing vertical misalignment for reasons of comfort, fusion and
good stereopsis under extended viewing conditions.

4.3 Reconsidering Recommendations

Horizontal disparity limits of up to 60-70 arcmin have become the
benchmark recommendation for comfortable stereoscopic viewing
[Wopking 1995; Speranza et al. 2006]. These guidelines were
based on the identification of excessive horizontal parallax being
a main contributor to discomfort. In line with the recommenda-
tions of Sky Television [Cassy 2013] (the first television broad-
caster to issue guidelines, followed by many stereographers), we
suggest that this ‘limit’ should be considered a ‘general guideline’
in filmmaking, rather than a hard constraint. Previous studies have
identified causal factors for discomfort for fused images that em-
ploy disparities within the limit, for example, unnatural blur from
cross-talk [Konrad 2000; Pastoor 1995; Kooi and Toet 2004] or ex-
cessive demand on the accommodation-vergence link (e.g. from
fast motion in depth). Therefore, disparity should not be consid-
ered in isolation when making recommendations for comfort limits.
Indeed, some studies are now addressing possible interactions be-
tween problematic factors [Yano et al. 2004; Speranza et al. 2006;
Nojiri et al. 2006]. In this viewing arrangement, it is possible that
larger disparities may disrupt audio-visual integration, however it
would be difficult to isolate the influence that discomfort would
have on perception. As such, we maintain our study shows that ‘ex-
cessive horizontal parallax’ does not affect an objective measure-
ment of audio-visual perception. The largest disparity employed in
this study equated to 90 arcmin (1.5° at the closest viewing dis-
tance), an offset that is well beyond the traditional limit; however,
we found no effect of horizontal parallax in any condition. There-
fore, the causal factor of ‘excessive horizontal parallax’ may be rel-
ative to the type of measurement used in assessment. It should be
noted that the guidelines recommended for stereography do not re-
flect limits of the real world and we routinely experience disparities
larger than these limits in real life. The significant disparity tol-
erance we found for the McGurk effect may reflect an ecological
advantage of processing speech of a conversant that is not fixated,
as would be common in many social encounters. In any case it
reinforces the concept that the ‘range’ of stereoscopic processing
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depends on the visual task and is not a single hard number.

In sum, it is difficult to establish a fixed limit to the disparity that
can applied to S3D film content. One main reason is that tradi-
tional recommendations are based on assessment of visual comfort
and not objective measures of perceptual limits or abilities. Subjec-
tive assessment of comfort may be described as a passive process,
identifying problematic symptoms such as eye-strain, dizziness and
headaches. Such studies can provide valuable insight into potential
physiological problems that might arise from extended viewing. On
the other hand, objective measurements of perception require ac-
tive interpretation of what is being seen on the screen, and may
give more insight into what the visual system is actually process-
ing. In our lab, we have applied objective measures to real-world
stereoscopic images [Tsirlin et al. 2012], showing that the amount
of depth perceived in a display is highly dependent on the quality of
the stereoscopic image, which has implications for the appearance
of realistic scenes. It would be interesting to use our experimental
set-up to integrate both types of measurement, by assessing the in-
fluence of both subjective discomfort and our objective measure of
perception.

4.4 Integrating Audio

A novel feature of this study is the consideration of the auditory
modality, and its integration with stereoscopic information. We
suggest that assessment of this relationship will allow a more com-
plete understanding of viewer experience with S3D content. It
is well known that auditory information can integrate with visual
information and impact perception; psychophysical evidence has
shown that an auditory tone played along with a dynamic object
can influence the perceived path of that object (e.g. [Remijn et al.
2004; Sakurai and Grove 2009; Kang and Blake 2005]). But this is
the first study to consider natural speech perception in stereoscopic
film content. When presented with a synchronized dialogue scene
in film, studies have shown that gaze is drawn specifically to the
talker’s mouth [V et al. 2012; Buchan et al. 2008], a reflex that
is thought to help isolate and integrate the relevant information for
the task at hand, i.e. to help the viewer perceive speech. Such vi-
sual localization may be necessary to perceive the McGurk illusion,
as it requires integration of the visually discrepant information (al-
though some studies suggest that gaze can deviate from the mouth
by as much as 10—20°[Paré et al. 2003]). It is therefore reason-
able to assume that observers attended to the speaker’s mouth in
the present study, and this ability was maintained when viewing
stereoscopic content and not inhibited by large offsets. Indeed, we
can speculate that the localized allocation of attention may have
been of benefit in trials with the largest disparities (where fusion
was not possible) as only the relevant information was integrated
for speech perception, and the visual system was not overwhelmed.
Future study will consider how the current findings extend to more
dynamic scenes, where multiple actors are filmed from different
viewing angles and articulate real dialogue.

5 Conclusion

Our results suggest that filmmakers can be bold in their choice of
horizontal offsets in dialogue scenes, without concern that the au-
dience’s speech perception will not be degraded. In addition, while
care should always be taken to avoid vertical offsets, there is a large
range within which speech will not be affected by vertical misalign-
ment. However, this range is extreme and would likely be uncom-
fortable to view in film for extended periods of time. We purpose-
fully do not recommend limits for parallax in a dialogue scene as it
remains to be determined how other S3D parameters interact with
parallax in our stimuli.
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