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ABSTRACT

We measured the eye movements of participants who watched 6-minute movie in stereoscopic and non-stereoscopic
form. We analyzed four shots of the movie. The results indicate that in a 2D movie viewers tend to look at the actors, as
most of the eye movements are clustered there. The significance of the actors start at the beginning of a shot, as the eyes
of the viewer focus almost immediately to them. In S3D movie the eye movement patterns were more widely distributed
to other targets. For example, complex stereoscopic structures and structures nearer than the actor captured the interest
and eye movements of the participants. Also, the tendency to first look at the actors was diminished in the S3D shots.
The results suggests that in a S3D movie there are more eye movements which are directed to wider array of objects
than in a 2D movie.
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1. INTRODUCTION

The purpose of a moviemaker is to influence the viewers to pay attention to salient events of the script, so that the view-
ers understand the details, consequences and emotional significance of events’. This can be accomplished by utilizing
for example shot distance, focus, angle, movement, point of view, scene composition and principles of cutting*?. In a
stereoscopic film the effect of these techniques might be different, as the processes of stereoscopic vision affect the way
viewers pay attention and understand the scenes. Moviemakers and stereographers know how to utilize the possibilities
of stereascopy, as recent excellent stereoscopic films have shown, but there is less empirical data related to these effects.
According to our recent studies the viewers most often mention experiences of reality-likeness, presence, enhanced
emotions and richness of structural details when watching a stereoscopic movie**. Asking the viewers to describe their
experiences is the best way to form an understanding of the underlying psychological processes®®, so these results tell
us a lot about the experiential added value of stereoscopy. However, there are also processes that are not consciously
accessible. These processes might be reflexive, automatic or too quick to enter the consciousness of the viewer. For ex-
ample, eye movements and the related changes in the focus of attention are only partially guided by conscious intentions
of the viewers. As the locations where the eyes stop to collect information determine what parts of the visual environ-
ment we notice, measuring the eye movements with stereoscopic film shows, which part of each shot is regarded as in-
formative and important.

Eye movements can be divided to two main phases. Firstly, there are fixations when the eye is pointing to a single
location of the scene. Secondly, there are saccades when the eyes quickly move the point of regard to another position.
Information is acquired during fixations, as during the saccades the information from the eye is mostly suppressed. Ex-
periments suggest that viewers look at the most informative areas of the scene. The definition of informative depends on
the task and the contents, as it can be semantic informativeness, i.e., the meaning of the area or it can be visual informa-
tiveness, i.e., visual salience of the specific area. Visual salience means that an area is differentiated from adjacent areas
by its luminance, color, texture or other feature®'. It is assumed that such basic attributes draw the attention and eye
movements of the person immediately when the scene viewing starts. In simplified images, like texture arrays, salient
areas are formed by areas with lines that are orthogonal to their neighboring lines™, move to different direction***?, ha-
ve different brightness or color™!, or that are at different stereoscopic depth*>*3, Eye movement studies have shown that
salient target images can be indicated by the first saccade that occurs during the scene viewing™, which suggests that the
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information defining the target is available to guide the first eye movement in a scene after a very short time period®. It
has also been shown that salience maps based on low-level features predict eye movements in videos accurately™.

Semantic informativeness does not affect initial fixation positions during picture viewing®*®*’, but fixations to se-
mantically informative areas increase as a function of viewing time®’. For example, in the study of Yarbus participants
looked at the faces of the people in the picture when the task was to determine their age, but looked at other things when
they we instructed to understand the material circumstances of the family®*®, Similarly, Birmingham et al showed re-
cently that in social scenes the social informativeness is more important determinant of eye movement patterns than low
level salience maps™.

Henderson and Hollingworth (1998) have combined the visual and semantic informativeness in their saliency map
framework in which they describe a two-stage process where the eye movements are initially guided by an early parse
of a scene based on low spatial frequency information that is quickly available®. With prolonged viewing the saliency
map is modified by cognitive interest related to the scene.

There are only few studies describing the eye movement patterns in movies. In these studies it has been shown that
viewers look at approximately same location when watching a movie, although there seems to be gender differences in
the areas that viewers find interesting”?. In our study we wanted to find out, how stereoscopic presentation affects the
eye movement patterns. Based on our earlier study®, we formed a hypothesis that in a stereoscopic film the eye move-
ments might be more widely distributed, as in our previous study the participants reported that stereoscopic movie has
much more details to see compared to 2D movie.

2. METHODS

2.1 Participants

Twenty students from University of Helsinki participated the experiment. There was a visual screening in which the
stereoscopic acuity, visual acuity, horizontal near heterophoria and near point of accommodation were measured. None
of the participants were excluded from the main experiment because of their vision.

2.2 Contents

The short film (6 minutes 20 seconds) was produced by Stereoscape Ltd. (www.stereoscape.com) for “All different all
equal” campaign by Finnish Youth Co-operation and featured a love story between a boy and a girl in a wheelchair. It
consisted of 40 shots of varying length.

2.3 Test procedure

We used Hyundai 46-inch polarizing stereoscopic display with resolution of 1920 x 1080 pixels. The film was shown
with TriDef stereoscopic player and Tobii X120 eye movement tracker was utilized to measure the eye movements
(Figure 1). In the experiment the viewers watched both stereoscopic and non-stereoscopic versions of the contents from
a viewing distance of 140 centimeters. In the 2D version the viewer saw two views intended for the left eye so there was
no binocular disparity in the film. The viewers wore the polarizing glasses when viewing the 2D version so that the
viewing conditions with 2D and S3D movies were comparable. The 2D and S3D versions were shown in random order.
The participants were instructed to compare which of the versions was better.
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Figure 2. Four shots from the movie that were analyzed. a) Shot 1: Dialog (22.1 seconds), b) Shot 2: Boy running (7.0 seconds), c)
Shot 3: Sauna (5.9 seconds), d) Shot 4: Boy standing (5.5 seconds)



3. RESULTS

We selected four shots for further analysis (Fig. 2). The main criterion for selection was that they did not contain large
amount of camera or object movements. Two types of eye movement visualizations were obtained from the shots.
Firstly, eye movement patterns were visualized to find out the typical patterns in each scene (Fig. 4). We also visualized
the eye movement patterns utilizing the heat map visualization of Tobii Studio software to indicate the clustering of the
fixations (Fig. 5). The color of the heat map indicates the number of eye movements clustering to a specific area. Red
color indicates higher number of eye movements, yellow and green color smaller number of eye movements. The color
map has been scaled according to the eye movement distribution in each content, so the red color represents different
number of eye movements in each content type. Based on our initial analysis, we selected several areas of interest
(AOI; Fig. 3) in each shot and calculated the number of fixations to each of the areas of interest and the time it took to
first fixate to the area of interest.

3.1 Shot 1: Dialog

In this 22.1 second shot boy is standing by the pool and is discussing with a girl sitting in the pool. There is also a girl
standing in the right edge of the scene. The camera stays almost stationary and the only action in the scene is the dialog
between the boy and the girl. The eye movements are clearly clustered around the discussion participants, and there is
also a small cluster around the girl standing on the right edge of the scene (Fig.4a and 4b). Focusing to the main actors
of the scene is in accordance with earlier findings. The main difference between the S3D (Fig. 4a) and 2D (Fig. 4b) ver-
sions of the scene is that in the S3D version the eye movements are more widespread, as the heat map visualizations of
the scenes show (Fig.5a and 5b). In S3D version there seems to be eye movements that indicate exploration of the pool
side as well as the water. This suggests that three-dimensional structures seem to be drawing the attention of the viewers
away from the actors of the scene.

We divided the scene into six areas of interest (AOI) which are shown in figure 3a. When the eye movements of all
participants within the AOIs are summed in Table 1, it can be seen that the there are significantly more fixations to the
girl (Chi-square test, p<0.01) and water (p<0.001). Also, the total number of fixations in the 3D shot is significantly
higher (p<0.05). Table 2 shows the time when first fixation toward an AOI was made in the shot. In the 2D version the
eye movements were focused to the boy within half a second (Table 2), but in the S3D version there was no clear ten-
dency to fixate to a specific AOI, as the longer time lags show.

Table 1. Percentage of fixations in areas of interest of shot 1. The number in parenthesis indicates the number of fixations. The fixa-
tions are a summed from the 20 experimental participants. Asterisks show significant differences (* p<0.05, ** p<0.01).

Boy Girl Water Edge Background Girl 2 | Outside the display Sum
2D 40.57% 11.71% | 7.71% | 15.14% 11.71% 2,00% 11.14% 100.00%

(142) (41) (27) (53) (41) (7 (30) (350)
$3D 40.29% | 17.72% | 12.14% | 12.62% 9.71% 1.21% 6.31% 100.00%

(166) (73)** (50)** (52) (40) (5) (26) (412)*=

Table 2. Time (seconds) before first eye movement is made toward an area of interest in shot 1. Average times of 20 participants.

Boy Girl Water Edge Background Girl 2 Outside the dis- Length of
play the shot
2D 0.593 6.742 5.148 | 10.769 3.725 2.121 6.812 22.1
S3D 1.909 5.098 6.558 | 10.411 2.693 4.963 6.599 22.1




3.2 Shot 2: Boy running

In this 7.0 second shot a boy is running downhill away from camera. There are trees around him and railroad tracks in
the background. During the shot a train appears from left, goes through the top of the screen and disappears to the right.
Camera is almost stationary during the shot. The eye movements are clearly focused to the running boy (Fig. 4c and 4d),
and the slight left-right movement of the boy is indicated by the horizontal spreading of the eye movement cluster (Fig.
5¢ and 5d). The eye movement patterns are quite similar in 2D and S3D versions, which might indicate that the running
boy is so significant that it draws the attention of the viewer in a similar manner in both versions. This effect can be ex-
plained either by visual or semantic informativeness. From the visual informativeness point of view the moving object is
a target that attracts the attention of the viewer automatically. From semantic informativeness point of view the actions
of a running boy are also significant. There is also a cluster of eye movements in the railroad tracks where the train goes
during the scene. The only significant difference is the higher number of fixations toward the train in the S3D version
(p<0.01) (Table 3).

Table 3. Percentage of fixations in areas of interest of shot 2. The number in parenthesis indicates the number of fixations. The fixa-
tions are a summed from the 20 experimental participants. Asterisks show significant differences (* p<0.05, ** p<0.01).

Boy Environment Train QOutside the display Sum
2D 80.17% 15.52% 2.59% 1.72% 100.00%

(93) (18) @) ) (116)
$3D 68.18% 12.12% 16.67% 3.03% 100.00%

(90) (22) (16)** 4) (132)

Table 4. Time (seconds) before first eye movement is made toward an area of interest in shot 2. Average times of 20 participants.

w

Boy Environment Train Outside the display Length of the shot
2D 0.16 0.49 5.03 1.93 7.00
S3D 0.10 2.38 4.66 1.87 7.00

3.3 Shot 3: Sauna

In this 5.9 second shot a boy is sitting still in a sauna. The camera is stationary and the boy’s expression indicates that he
is thinking something. The eye movements of are clearly focused to the boy’s face, so the viewers are probably trying to
interpret his mental state (Fig. 4f and 5f). However, in the S3D version there is also a significant clustering of eye
movements to the wall-like structure in front of him (p<0.0001) (Fig. 4e and 5e; Table 5). It seems that structures in
front of the main character capture the attention and eye movements of the participants.

Table 5. Percentage of fixations in areas of interest of shot 3. The number in parenthesis indicates the number of fixations. The fixa-
tions are a summed from the 20 experimental participants. Asterisks show significant differences (* p<0.05, ** p<0.01).

Boy Front Structure Back structure Background Total
D 53.72% 11.57% 14.05% 20.66% 100.00%

(65) (14) (17) (25) (121)
33D 56.20% 44.63% 19.83% 19.01% 100.00%

(68) (54)** (24) (23) (169)**

Table 6. Time (seconds) before first eye movement is made toward an area of interest in shot 3. Average times of 20 participants.

Boy Front Structure Back structure | Background Shot length
2D 0.24 1.46 2.25 2.91 5.90
S3D 0.68 1.40 2.14 2.21 5.90




3.4 Shot 4: Boy standing

In this 5.5 second shot a boy is standing still by the pool, preparing to jump. The camera is stationary and the eye
movements are focused to the boy (Fig. 4g and 4h), as the viewers are expecting him to jump to the pool. There are also
eye movements toward the pool in front of the boy, which might indicate the expectation of jumping to the pool. Al-
though the heat map (Fig. 5g and 5h) shows that in the S3D shot the eye movements are more spread to the water and to
the background structures, there are no differences in the fixation counts between 2D and S3D versions (Table 7). This
might be partially caused by the shortness of the shot, which reduces the total number of the fixations in the scene. The
first eye movements are quickly focused to the bay in the 2D version, but in the S3D version the initial eye movements

are more widely distributed.

Table 7. Percentage of fixations in areas of interest of shot 4. The number in parenthesis indicates the number of fixations. The fixa-
tions are a summed from the 20 experimental participants. Asterisks show significant differences (* p<0.05, ** p<0.01).

Boy Edge Water Background | Outside the display Sum
°D 46.19% 23.771% 11.66% 13.45% 4.93% 100.00%

(103) (53) (26) (30) (11) (121)
$3D 37.77% 22.75% 12.89% 24.46% 2.15% 100.0%

(88) (53) (30) (57) (5) (169)

Table 8. Time (seconds) before first eye movement is made toward an area of interest in shot 4.

Boy Water Edge Background Outside the display Shot length
2D 0.21 3.81 2.47 2.61 4.13 5.5
S3D 0.68 2.61 291 2.21 5.17 5.5
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Figure 3. Areas of interest. a) Shot 1, b) Shot 2, ¢) Shot 3, d) Shot 4.
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Figure 4. Gaze plots of the four selected shots. Each circle indicates a fixation and each line a saccade. Different colors indicate par-
ticipants. a) Shot 1 (S3D), b) Shot 1 (2D), c) Shot 2 (S3D), d) Shot 2 (2D) e) Shot 3 (S3D), f) Shot 3 (2D), g) Shot 4 (S3D) h) Shot 4
(2D).



Figure 5. Heat maps of a scenes analyzed in the study. The red color indicates higher number of fixations, and yellow and green col-
ors lower number of fixations. a) Shot 1 (S3D), b) Shot 1 (2D), ¢) Shot 2 (S3D), d) Shot 2 (2D), e) Shot 3 (S3D), f) Shot 3 (2D), g)
Shot 4 (S3D) h) Shot 4 (2D)




4. DISCUSSION

When viewing movies, the eye movements of the viewers are focused to the actors and their immediate vicinity. The
eye movement patterns show that the viewers are seeking socially relevant information that helps them in understanding
the mental state of the actors and the relations between actors. The preference to look at the actors is present immediate-
ly at the beginning of the shot, which indicates early visual analysis of this information. The preference is probably re-
lated to the significance of social signals in our visual environment, but is also affected by the narrative structure of the
movie, which leads the viewers to search for the main actors in each shot. In the S3D versions the eye movements are
more widely spread. The viewers’ eye movements show them exploring the details of interesting three-dimensional
structures present in the shots, and the initial preference to look at actors is slightly diminished. The structures that catch
the attention of the viewers are the ones coming toward the observer, like the front tiles of the shot 3, but sometimes
they are also objects that are otherwise structurally fascinating, like water in shot 1.

Interesting research question for further research is whether the wider spread of eye movements in stereoscopic shots
is caused by bottom-up visual processing, i.e., because the three-dimensional objects automatically capture the attention
and eye movements of the viewers, or whether the effect is caused by top-down processes which are related to visible
three-dimensional details and interesting structures that the participants want to explore. It is probable that both types of
processes affect the final pattern of eye movements, but the exact relationship of top-down versus bottom-up processing
remains to be investigated.
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