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As editing technology has advanced, filmmakers have become increasingly skilled at manipulating overt
attention such that eye movements are highly synchronized during film viewing. Average shot length
(ASL; film length/number of shots) is a quantitative metric in film studies that may help us understand
this perceptual phenomenon. Since shorter shots give viewers less time to voluntarily scan images, we
predicted that shorter ASLs would yield greater attentional synchrony across viewers. We recorded
participants’ eye movements as they viewed clips from commercially produced films with varying ASLs,
and in line with our hypothesis, we found that ASL and attentional synchrony were negatively related.
These findings were replicated in an independent sample of participants who viewed a different set of
clips from the same films used in Experiment 1. Comparing across experiments, we found that within the
same films, clips with shorter ASLs synchronized eye movements to a greater extent than did clips with
longer ASLs. Studies of film perception have long implied that ASL modulates eye movements across
viewers, and this study provides robust empirical evidence to support that claim.
Keywords: average shot length, eye movements, attention, film, continuity editing
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People often watch movies to escape reality and become
absorbed in the world of a film. But what allows for such
immersive experiences? In much the same way that we learn
how to read, we develop a filmic literacy that allows us to
understand that moving image combined with moving image—
plus or minus sound— equals story. However, there must be
some middle ground at which a spectator’s willingness to
submit themselves to the diegesis, or world of the film, meets
some action on the part of the filmmaker. This action serves to
not only hold the viewer’s attention but also guide the audience
to some universally agreed upon meaning. Researchers and film
theorists have long suggested that this middle ground is the
art— or science— of editing (Bordwell, 2002; Eisenstein, 1923;
Kuleshov, 1935; Münsterberg, 1916; Shimamura, CohnSheehy, Pogue, & Shimamura, 2015; Smith, 2012; Smith &
Henderson, 2008).

ways different from other forms of entertainment at the time.
Hugo Münsterberg, a German American psychologist and film
theorist, identified how filmmakers had the ability to wordlessly
notify their audiences of important information with close-ups
(Münsterberg, 1916). This more nuanced version of storytelling
took over the observatory work of the spectator. The camera
could provide pertinent plot information with a close-up shot of
an object or a face in a way that theater productions simply
could not. Later, a Soviet filmmaker named Lev Kuleshov
tested the limits of film’s capacity to convey story. His most
famous experiments involved cross-cutting a shot of an actor
with a neutral facial expression looking directly into the camera
with other unrelated images such as a bowl of soup, a baby, or
a dead body. Viewers of these three two-shot scenes attributed
various emotions to the actor— hunger, pride, and grief, respectively— despite the unchanging, single shot of his face. The
Kuleshov effect, as it became known, showed that spectators
are inclined to naturally infer story, even with minimal context
(Bordwell & Thompson, 1984). The work of Münsterberg and
Kuleshov served as precursors to a movement in film studies
that took off in the second half of the 20th century— cognitivism, or cognitive film theory.
Cognitive film theory seeks to solve the aforementioned conundrum of how a collection of moving images played back in a
specific order, most often with the addition of sound, translates
into a coherent narrative that is able to produce visceral and
emotional reactions. In short, cognitivism seeks to explain how
films are read. Theorists propose that narrative films make use of
mental and historical conventions, heuristics, and schemata to

Cognitive Film Theory
Early film theorists recognized the potential of editing and
how it elevated the influence films could have on attention, in
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encourage viewers to organize the pieces into a representation of
reality (Bordwell, 1989).
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Continuity Editing and Intensified Continuity
The main tenets of cognitivism can be used to explain the
primary editing practice that has dominated the world of narrative
cinema since the early days of Hollywood— continuity editing.
When film editing became a technological reality, filmmakers
began experimenting with various ways to use the medium for
storytelling. The continuity system was quickly established; it
allowed filmmakers to piece together sections of film that were
recorded at different times while maintaining a spatial and temporal relationship between the shots. This allowed for coherent
narratives to emerge and became the global standard for narrative
filmmaking (Bordwell & Thompson, 1984). Even today, over 90%
of shots in Hollywood movies follow this system (Smith, 2012).
The continuity system is comprised of a set of cinematographic
and editorial rules that are followed during both production and
postproduction to ensure comprehensibility. These rules are effectively the syntax film language is composed of. Many theories
have been proposed as to how this system allows filmmakers to
most effectively captivate their audiences, but the most widely
accepted is that continuity editing most closely mimics how we
perceive the real world (Anderson, 1996; Berliner & Cohen, 2011;
Smith, 2012).
The rules of the continuity system have remained relatively
consistent since its conception in the early 20th century. David
Bordwell notes that toward the end of the Hollywood studio era in
1960, the ways in which filmmakers adhered to the continuity
system began to change, in a modified system that he termed
“intensified continuity.” Over the last six decades, the techniques
of filmmaking and editing have not changed, but significant stylistic differences have become apparent, serving as intensifications
of the longstanding rules of the continuity system (Bordwell,
2002). Bordwell identified four stylistic tactics that are at the core
of intensified continuity: more rapid editing, the use of bipolar
extremes of lens lengths, more close framings in dialogue scenes,
and a free-ranging camera. Although each of these four techniques
work in tandem with the rest and are equally important to the
theory of intensified continuity, editing speed can be easily quantified for preexisting films (Breeden & Hanrahan, 2017).
Rapid editing refers to the speed at which films are cut, as
measured by average shot length (ASL). A shot refers to a single,
seemingly uninterrupted camera recording. ASL is easily calculated by dividing the length of a sequence within a film— generally
measured in seconds— by the number of shots in that sequence.
Thus, declining ASLs are the result of more rapid editing (Bordwell, 2002). Rapid editing, in conjunction with the other tactics of
intensified continuity, produce more visual change with each successive frame of a film, creating a more immersive experience for
the audience (Bordwell, 2002; Cutting, Brunick, & DeLong, 2011;
Cutting, Brunick, DeLong, Iricinschi, & Candan, 2011; Cutting,
DeLong, & Brunick, 2011).

Attentional Synchrony During Film Viewing
Eye tracking technologies record the physical position of a
person’s eye over a period of time, identifying overt shifts of visual

attention. A typical viewer will move their eyes two to five times
per second while watching a film, so for an average-length feature
film, which is about 90 min, they will make 21,600 eye movements
(Smith, 2013). Eye tracking data reveal valuable pieces of information about how a viewer cognitively processes a film, shedding
light on both spatial and temporal aspects of attentional allocation.
To assess systematic regularities in attentional allocation, data
from multiple viewers watching the same film sequence can be
compared, allowing for the quantification of attentional synchrony
across viewers. Such intersubject correlation (ISC) metrics allow
researchers to compare person-to-person data and assess the impact of
a given film on large groups of people (Hasson et al., 2008).
Hollywood films produce a high degree of attentional synchrony
across viewers as a high percentage of viewer gazes cluster around
a small percentage of screen area for an extended period of time
(Dorr, Martinetz, Gegenfurtner, & Barth, 2010; Goldstein, Woods,
& Peli, 2007; Hasson, Malach, & Heeger, 2009; Hasson, Nir,
Levy, Fuhrmann, & Malach, 2004; Loschky, Larson, Magliano, &
Smith, 2015; Mital, Smith, Hill, & Henderson, 2011; Shepherd,
Steckenfinger, Hasson, & Ghazanfar, 2010; Wang, Freeman, Merriam, Hasson, & Heeger, 2012). The faster that important information moves about the screen, whether by camera movements or
cutting, the less time the audience has to process the scene, so only
the most important information can be attended. When viewers
have more time to scan a scene, eye gaze patterns may begin to
desynchronize as attention gets allocated in line with individual
viewing preferences (Smith & Mital, 2013). Filmmakers intentionally capture their audiences’ attention at the center of the screen
(Dorr et al., 2010; Mital et al., 2011) using many of the elements
of intensified continuity, such as camera movements and quick
cutting, placing important visual information front and center so as
to minimize the audience’s need for visual search. In addition to
guiding eye movements in a reliable manner, Hollywood films also
produce highly reliable brain responses (Hasson et al., 2009;
Hasson et al., 2004), providing further evidence in support of the
capability of the filmmaker to control the attention of their audience.
There is also a tendency for viewers’ eye movements, when
looking at both static and dynamic images on a computer screen,
to gravitate toward the center of the screen (Clarke, Stainer, Tatler,
& Hunt, 2017; Dorr et al., 2010; Mital et al., 2011; Tatler &
Vincent, 2009; Tseng, Carmi, Cameron, Munoz, & Itti, 2009).
Several explanations for this pattern have been proposed—among
them, photographer bias, which is the idea that the creator of the
image is likely to emphasize visual elements of interest by placing
them at the screen’s center so as to minimize a viewer’s need to
visually search the image (Parkhurst & Niebur, 2003; Reinagel &
Zador, 1999; Tseng et al., 2009). Both of these biases are important factors to consider when specifically assessing ASL’s impact
on attentional synchrony during film viewing as any extent to
which they produce attentional synchrony would be a direct product of editing styles. Editorial decisions on the part of the filmmaker determine where salient visual content appears on the
screen, as well as the frequency with which new visual information
appears after each cut. There is also evidence to suggest that the
central fixation bias is observed irrespective of image features (Tatler,
2007), and this tendency could influence the attentional synchrony
produced by Hollywood films. These factors are among the many that
contribute to a predictable pattern of attentional synchrony.

EFFECT OF ASL ON ATTENTIONAL SYNCHRONY
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Editing Patterns and Attentional Synchrony
The attentional synchrony produced by Hollywood films follows a predictable pattern. In the first 200 ms following a cut, eye
movements are the most variable (Germeys & d’Ydewalle, 2007).
The amount of time that elapses before gaze synchrony becomes
apparent again is dependent upon the displacement of novel information in the new shot from the old shot (d’Ydewalle & Vanderbeeken, 1990). During this time, variable saccades are made by
different viewers in order to locate the most important visual
information in the new shot (Germeys & d’Ydewalle, 2007). At
about 200 ms after a cut, gazes cluster at the center of the screen
(Loschky et al., 2015; Mital et al., 2011). Following a cut, this
pattern is reliably evident.
Hollywood films, like gaze behavior, also follow a predictable
framework (Wang et al., 2012), and these two patterns are not
unrelated. Not only does the continuity system most closely mimic
the human perceptual system, but a pattern of editing speeds has
also evolved over time to cater to our attentional limits (Cutting,
DeLong, & Nothelfer, 2010). Films have begun to mimic the
natural flow of attention in our minds, and not necessarily because
the filmmaker was consciously doing so—this pattern works instinctively and serves to make films more engrossing (Cutting,
Brunick, & DeLong, 2011). The novelty of visual information may
begin to expire as time elapses—the longer a viewer has to process
unchanging visual information on screen, the more their attention
may shift toward the periphery of the image. However, if a
filmmaker wishes to hold their audience’s attention captive, a rapid
succession of shots could ensure that saccades toward the periphery are not made (Smith, 2012). While exceptionally short ASLs
over extended periods of time—say, the entire length of a film—
could be somewhat tiring, shorter sequences of rapid editing can
yield suspense and can engross the audience in the world of the
film, while also producing highly reliable attentional synchrony.
This effect is what the present study sought to investigate.

Present Study
We hypothesized that attentional synchrony is modulated by
ASL. Because there is less time to process important visual information, faster editing will increase exogenous guidance of eye
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movements, with saccades being made either toward the center of
the screen or to directly follow the action of the scene (Dorr et al.,
2010; Mital et al., 2011). Conversely, slower editing will allow the
viewer to scan the scene more autonomously, with attention being
allocated in an endogenous manner. The results of many previous
studies that have explored visual attention and gaze synchrony
during film viewing using eye tracking often imply that rapid
editing produces a high degree of attentional synchrony (AndreuSánchez, Martín-Pascual, Gruart, & Delgado-García, 2017; Cutting, DeLong, et al., 2011; DeLong, Brunick, & Cutting, 2013;
Dorr et al., 2010; Germeys & d’Ydewalle, 2007; Loschky et al.,
2015; Mital et al., 2011). However, to the best of our knowledge,
no study has been conducted to systematically assess the claim that
ASLs in Hollywood films impact eye movement synchrony, and
the present study sought to provide empirical evidence for an
often-hypothesized relationship.

Method
Experiment 1
Participants. Twenty undergraduates (self-reported genders:
15 female, 5 male; average age: 18.75 years, SD ⫽ 0.786) participated in the study and were compensated for their time with
research participation credit. This particular sample size was chosen to be consistent with similar within-subjects eye movement
studies, many of which used sample sizes close to or smaller than
ours (Germeys & d’Ydewalle, 2007; Goldstein et al., 2007; Wang
et al., 2012). The experimental procedure was approved by the
institutional review board at Trinity College, and all participants
provided written, informed consent.
Stimuli/equipment. Eight film clips, each approximately 3
min long, with variable ASL values, were selected from commercially produced narrative Hollywood films produced between 1957
and 2013 (Table 1, Experiment 1). There has been a general
decrease in the lengths of shots in Hollywood films since roughly
1960 (Bordwell, 2002). The broad time period from which we
selected films allowed us to find clips with longer ASLs, which are
not as abundantly available in more recent years. The films used in
this study were selected to meet particular criteria that would

Table 1
Films Used in Experiments 1 and 2, With the Average Shot Length (ASL) of Each Clip in Seconds, Intersubject Correlation (ISC)
Denoted as Mean Across Participants (Standard Deviation), and the Range of ISC Values Across Participants
Experiment 1 (N ⫽ 19)

Experiment 2 (N ⫽ 18)

Title (year)

ASL

ISC

ISC range

ASL

ISC

ISC range

The Bridge on the River Kwai (Spiegel, 1957)
The Dark Knight (Thomas & Roven, 2008)
Forrest Gump (Finerman, Tisch, & Starkey, 1994)
The Great Gatsby (Fisher, Knapman, Luhrmann, Martin, &
Wick, 2013)
Harry Potter and the Prisoner of Azkaban (Heyman, Columbus,
Radcliffe, & Cuáron, 2004)
Jaws (Zanuck & Brown, 1975)
O’ Brother, Where Art Thou? (Coen, 2000)
Raiders of the Lost Ark (Marshall, 1981)
Gravity (Cuáron & Heyman, 2013)

13.1
1.6
18.2

0.5439 (0.0626)
0.7227 (0.0714)
0.4915 (0.0559)

0.3964–0.6538
0.4718–0.8019
0.3862–0.5787

6.6
4.9
3.3

0.5500 (0.0643)
0.6156 (0.0633)
0.6786 (0.0814)

0.4316–0.6558
0.5149–0.7473
0.4610–0.7769

2.3

0.6516 (0.0596)

0.5334–0.7572

11.8

0.5596 (0.1043)

0.3092–0.7003

6.8
3.2
9.5
15.0
N/A

0.7244 (0.0557)
0.6158 (0.0700)
0.6846 (0.0737)
0.6672 (0.0585)
0.4578 (0.0814)

0.6179–0.7970
0.5020–0.7288
0.5437–0.7921
0.5639–0.7582
0.2922–0.6062

37.1
15.4
4.4
1.6
N/A

0.4571 (0.0934)
0.5782 (0.0711)
0.6785 (0.0488)
0.6842 (0.0522)
0.5013 (0.0632)

0.2486–0.5834
0.4397–0.6971
0.6025–0.7567
0.5690–0.7660
0.3991–0.5908
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ensure a baseline level of uniformity across the clips, such as
duration, aspect ratio, and Motion Picture Association of America
rating. We selected samples that were approximately 3 min in
length with varying ASLs until the stimuli covered a sufficient
range. An additional 3-min clip was selected from the film Gravity
(Cuáron & Heyman, 2013), which has an opening sequence that is
filmed to look like a single, continuous shot, in order to assess how
the absence of ASL impacts attentional synchrony. The number of
clips used in this experiment was selected to keep the total time of
the experiments under 1 hr, in which we needed to obtain informed
consent, administer instructions, calibrate the eye tracker, run the
experiment, complete the poststudy questionnaire, and allow a
small buffer for back-to-back sessions. Each film had an aspect
ratio of 2.39:1, was transcoded from DVDs using HandBrake
(Handbrake Team, 2018), and was trimmed in Adobe Premiere
Pro. ASL was quantified by (a) isolating and counting individual
shots (i.e., a seemingly uninterrupted camera recording) within
each 3-min clip and (b) dividing the length of the clip by the
number of shots to get a single ASL estimate for each clip (see
Table 1, ASL column). This process was manually conducted by
the first author, who completed all the stimulus coding. The cuts
from each of the 17 clips were reviewed and verified by a second
rater, and two minor discrepancies were reviewed by the second
author to verify the accurate number of shots, which were consistent with the original calculations. Clips were exported as .mp4
files (23.99 frames per second) and displayed at a size of 1420 ⫻
680 pixels on a 27.0-in. LED-Lit Dell Gaming Monitor (model:
S2716DG, resolution: 2560 ⫻ 1440) with PsychoPy (Peirce, 2007)
running on a 3.0-GHz Dual-Core Intel Core i7 Mac Mini. Eye
movements were recorded using an EyeLink 1000 infrared eye
tracker (EyeLink, SR Research, Ottawa, Ontario) at a sampling
rate of 500 Hz.
Procedure. At the start of the experiment, participants were
seated 70 cm from the monitor and instructed to keep their chin in
the chin rest, after which the eye tracker was calibrated using a
nine-point calibration procedure. Participants were informed that it
was essential that they not move their heads from the chin rest for
the duration of the experiment but that they were free to withdraw
from participating in the study at any time. Each participant
watched the nine clips in a random order, and eye movements were
recorded from the right eye. Participants were instructed to “watch
the films as naturally as possible.” After watching the clips,
participants completed a short survey that probed viewing history
for each clip.

Experiment 2
Participants. Twenty new undergraduates (self-reported genders: 19 female, 1 male; average age: 19.5 years, SD ⫽ 1.100)
participated in the study either voluntarily with no compensation
or with compensation for their time with research participation
credit. The experimental procedure was approved by the institutional review board at Trinity College, and all participants provided written, informed consent.
Stimuli/equipment. Eight new film clips, each approximately
3 min long, with variable ASL values, were selected from the same
films used in Experiment 1; the same clip from Gravity (Cuáron &
Heyman, 2013) was used to provide a common baseline and
minimize unnecessary differences between the two experiments

(Table 1, Experiment 2). The eight new clips were deliberately
selected so that the four films with clips that had the shortest ASLs
in Experiment 1 would have the longest ASLs in Experiment 2,
and vice versa. The only exceptions to this were with The Bridge
on the River Kwai (Spiegel, 1957) and The Dark Knight (Thomas
& Roven, 2008), of which the clips in Experiment 2 remained
among the four longest and shortest ASLs, respectively, as they
were in Experiment 1. This is because there were no 3-min
sequences in either film that allowed for particularly different
ASLs from those used in both experiments. This is reaffirmed
when looking at the overall ASLs from both films in their entirety—The Bridge on the River Kwai (Spiegel, 1957) has an ASL of
11.07 s, and The Dark Knight (Thomas & Roven, 2008) has an
ASL of 3.12 s (Salt, n.d.). All other experimental stimuli, equipment, and procedures matched those used in Experiment 1.

Data Analysis
Preprocessing of eye tracking data. Using the built-in EyeLink saccade and blink detection algorithms (EyeLink, SR Research, Ottawa, Ontario), we replaced with NaN (not a number)
values all eye tracking data during saccade events, blink events,
and if the recorded gaze location was outside the 2560 ⫻ 1440
resolution of the monitor; we retained 85.6% of the gaze data in
Experiment 1 and 82.3% of the gaze data in Experiment 2. One of
the participants from Experiment 1 was excluded from all analyses
because there was no data remaining in one of the clips after
preprocessing. Two of the participants from Experiment 2 were
excluded from all analyses due to a computer error; these participants watched the clips, but no gaze data was recorded.
Intersubject correlation analysis. To quantify the degree to
which eye movements were correlated across individual viewers of
the same film clip, we calculated an ISC coefficient using the
following steps: (a) Using the two equations below, we computed
the correlation coefficient between a single participant’s
X-dimension eye movement time course (a spatiotemporal sequence of eye position, in pixels) and the average X-dimension eye
data from all of the remaining participants (ISCX), (b) we repeated
for the Y-dimension (ISCY), and (c) we took the average of ISCX
and ISCY to produce a single ISC value for that participant and for
that clip. See Figure 1.
Cov(A, B) ⫽

) * (B ⫺ B
)
⌺(At ⫺ A
t
, Corr(A, B) ⫽ Cov(A, B)
N⫺1
SA * SB

(1 and 2)
Here, A and B refer to two distinct eye movement time courses,
each having N number of observations; At and Bt indicate the
values of eye movement time courses A and B, respectively, at
time t. Thus, covariance is defined as the inner product of the two
mean subtracted eye movement time courses, divided by one less
than the length of the eye movement time courses. The correlation
between A and B is given by the covariance of A and B, divided by
the product of the eye movement time course standard deviations
(SA and SB).
We also calculated ISC using two alternative approaches. The
first is highly similar to the method described above, with the
exception that we used the median rather than the mean as our
measure of central tendency when comparing an eye movement
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Figure 1. Example time series for the X-dimension (top) and Y-dimension (bottom) for an individual viewer
(black lines) overlaid with the average time series in the X- and Y-dimensions of all remaining viewers (red lines,
color version; light gray lines, black and white version) during The Dark Knight (Thomas & Roven, 2008) film
clip. See the online article for the color version of this figure.

time course from an individual viewer with that of the remaining
viewers (following Wang et al., 2012, their Figure 3B/D). Following Franchak and colleagues, we computed ISC by taking the
average of all pairwise correlations between an individual participant and all remaining viewers (Franchak, Heeger, Hasson, &
Adolph, 2016).
ISC ⴛ ASL regression. We used linear regression to determine if ASL modulated the degree to which eye movements were
correlated across individuals during movie viewing. For each
participant, the best-fitting slope and y-intercept parameters were
estimated between the eight ASL values (predictor variable) and
that participant’s ISC values (outcome variable; Table 1 in online
supplemental material). The slope indicates the degree to which
ISC changes for each unit change in ASL. The y-intercept indicates
that amount of ISC that would be expected for an ASL value of
zero; because such a situation is implausible in the context of a
3-min film clip, it is best conceptualized as the value that ISC
approaches as ASL approaches zero. We used a two-tailed, onesample t test to determine if the slope estimates were significantly
different from zero. The clip from Gravity (Cuáron & Heyman,
2013) was excluded from this analysis because, as noted, this clip
contains no camera cuts, appearing as one long continuous shot.
As a complement to this approach, we also used a linear mixed
effects regression model, with ASL as a fixed effect and participant as a random effect.
Screen-center-distance analyses. Separately for each participant and each clip, we calculated the euclidean distance between

the center of the screen and each x, y gaze sample and then took
the average of these distances to get a single estimate of the
screen-center-distance. Analogous to the ISC ⫻ ASL analysis
above, regression was used to obtain the slope of the best-fitting
line for the relationship between screen-center-distance and ASL,
separately for each participant.
Experimental comparison. To isolate ASL as the only systematically manipulated variable, we compared across our two
experiments. For each participant, we calculated the average ISC
for three films that had short ASLs in Experiment 1 and long ASLs
in Experiment 2 (The Great Gatsby (Fisher, Knapman, Luhrmann,
Martin, & Wick, 2013), Harry Potter and the Prisoner of Azkaban
(Heyman, Columbus, Radcliffe, & Cuáron, 2004), and Jaws
(Zanuck & Brown, 1975), and we directly compared these values
with a two-tailed, two-sample t test. We did the same for Raiders
of the Lost Ark (Marshall, 1981), Forrest Gump (Finerman, Tisch,
& Starkey, 1994), and O’ Brother, Where Art Thou? (Coen, 2000)
which had long ASLs in Experiment 1 and short ASLs in Experiment 2.
Bootstrapped confidence intervals. To complement the null
hypothesis testing approach, we used a bootstrapping procedure to
compute 95% confidence intervals for our main results. For the
regression slopes, we randomly sampled N observers (with replacement) from our N observers and recomputed the mean slope
estimate (where N ⫽ 19 and 18 in Experiments 1 and 2, respectively). We then repeated this procedure 10,000 times to build a
distribution for each effect, drawing a new random sample on each
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iteration. The confidence interval corresponds to the inner 95% of
this bootstrapped distribution. Confidence intervals that do not
contain zero are consistent with null hypothesis testing results that
indicate values are significantly different from zero. An analogous
procedure was used to compute confidence intervals around the
experimental comparisons.
Phase randomization. Following Wang et al. (2012), we
used a randomization procedure to estimate the magnitude of ISC
that could be expected, based on chance alone. The discrete
Fourier transform was used to convert one of the eye movement
time courses to the frequency domain, its phase was randomly
permuted with the amplitude held constant, and the inverse Fourier
transform was applied to the phase-randomized eye movement
time course. The correlation between the two eye movement time
courses was then recomputed. We repeated this procedure 1,000
times, randomly permuting the phase on each iteration, which
generated a null distribution against which the empirically observed correlation value could be compared. The p value for each
participant was calculated as the proportion of values in this null
distribution that exceeded the empirically observed, one-versusmean ISC value for that participant. Absolute values were used to
make this a two-tailed test. Analyses were completed in Matlab
(MATLAB and Statistics Toolbox Release 2017b, The MathWorks, Natick, MA).

Results
In two independent samples, we found that ASL modulated
attentional synchrony across viewers. We used linear regression,
separately for each participant, to quantify the relationship between ASL and ISC (individual slope and y-intercept estimates are
presented in Table 1 in online supplemental material). In Experiment 1, the regression slopes were significantly less than zero,
Mslope ⫽ ⫺0.0084, t(18) ⫽ ⫺9.88, p ⬍ .001, 95% CI
[⫺0.0100, ⫺0.0067], thus indicating that as a clip’s ASL increases, attentional synchrony decreases; for illustrative purposes,
ISC (averaged across participants; see Table 1) is plotted as a
function of ASL, and the best-fitting line is shown in Figure 2. We
repeated our regression analyses with the data from Experiment
2, which used clips taken from the same films used in Experiment 1 but had vastly different ASLs than their counterparts in
the first experiment. We found the same negative relationship
between ASL and ISC in Experiment 2, Mslope ⫽ ⫺0.0060,
t(17) ⫽ ⫺8.62, p ⬍ .001, CI [⫺0.0073, ⫺0.0047]. This replicates the results from Experiment 1 in an independent sample.
The modulatory effect of ASL on attentional synchrony was
robust to alternative ISC calculations and to an alternative statistical approach. Correlating each individual against the median of
the remaining viewers (Wang et al., 2012), and correlating each
viewer against each remaining individual viewer in a pairwise
manner (Franchak et al., 2016), produced similar results and supported the same conclusions. Regression slopes were significantly
less than zero with both metrics, in both experiments, Experiment
1: tmedian(18) ⫽ ⫺10.20, p ⬍ .001, 95% CI [⫺0.0104, ⫺0.0071];
tpairwise(18) ⫽ ⫺17.61, p ⬍ .001, CI [⫺0.0109, ⫺0.0088]; Experiment 2: tmedian(17) ⫽ ⫺8.18, p ⬍ .001, CI [⫺0.0077, ⫺0.0048];
tpairwise(17) ⫽ ⫺17.00, p ⬍ .001, CI [⫺0.0075, ⫺0.0060]. Regarding the statistical approach, using linear mixed effects modeling, with ASL as a fixed effect and participant as a random

effect, produced consistent results: We found a significant, negative coefficient for the ASL term in both experiments, Experiment
1: ␤ASL ⫽ ⫺0.0084, t(150) ⫽ ⫺7.02, p ⬍ .001; Experiment 2:
␤ASL ⫽ ⫺0.0060, t(142) ⫽ ⫺9.55, p ⬍ .001.
ASL was also significantly predictive of the degree to which
participants’ gazes deviated from the center of the screen during
viewing. In both experiments, slope estimates from the ScreenCenter-Distance ⫻ ASL regressions were significantly greater
than zero, t(18) ⫽ 6.65, p ⬍ .0001, t(17) ⫽ 7.13, p ⬍ .0001,
indicating that as the shot lengths increased, eye positions deviated
more from the center. It is important to note, however, that
systematic differences in gaze clustering at the center of the screen
cannot account for our main results. First, while gaze clustering
will reduce the range of values in each eye movement time course,
thus lowering the covariance estimate obtained from Equation 1
above, gaze clustering at the center of the screen will also reduce
the standard deviations of the eye movement time courses, which
appear in the denominator of Equation 2. Thus, the normalized
correlation estimates that form the basis of our ISC metric already
take these differences into account. That said, we also reran our
regression analyses and included each participant’s screen-centerdistance estimate, which allowed us to assess the relationship
between our predictor variable (ASL) and our outcome variable
(ISC), while controlling for the relationship between ASL and
screen-center-distance. With this additional covariate in the model,
we observed a significant relationship between ASL and ISC, Experiment 1: t(18) ⫽ ⫺9.45, p ⬍ .0001; Experiment 2: t(17) ⫽ ⫺7.98,
p ⬍ .0001, and a nonsignificant relationship between screen-centerdistance and ISC, Experiment 1: t(18) ⫽ ⫺1.45, p ⫽ .1652; Experiment 2: t(17) ⫽ ⫺0.39, p ⫽ .7037. Importantly, these results hold for
our alternative statistical approach, linear mixed effects modeling, for
both experiments, Experiment 1: ␤ASL ⫽ ⫺0.0081, t(149) ⫽ ⫺6.53,
p ⬍ .001, ␤screen-center-distance ⫽ ⫺0.0002, t(149) ⫽ ⫺1.084, p ⫽
.2801; Experiment 2: ␤ASL ⫽ ⫺0.0057, t(141) ⫽ ⫺8.91, p ⬍ .001,
␤screen-center-distance ⫽ ⫺0.0002, t(141) ⫽ ⫺1.58, p ⫽ .1164.
In one final set of control analyses, we also verified that viewing
history could not account for our main results. We again reran our
regression analyses and included each participant’s self-reported
viewing history as a dummy predictor in each model (1 for
reporting having seen some or all of the clip, 0 otherwise). We
observed a significant relationship between ASL and ISC, Experiment
1: t(18) ⫽ ⫺8.39, p ⬍ .0001; Experiment 2: t(17) ⫽ ⫺8.44, p ⬍
.0001, and a nonsignificant relationship between viewing history and
ISC, Experiment 1: t(18) ⫽ ⫺1.68, p ⫽ .1105; Experiment 2: t(17) ⫽
0.77, p ⫽ .4547; these results are consistent with those obtained from
the linear mixed effects models, Experiment 1: ␤ASL ⫽ ⫺0.0086,
t(149) ⫽ ⫺7.13, p ⬍ .001, ␤viewing-history ⫽ ⫺0.0154,
t(149) ⫽ ⫺1.08, p ⫽ .2819; Experiment 2: ␤ASL ⫽ ⫺0.0060,
t(141) ⫽ ⫺9.22, p ⬍ .001, ␤viewing-history ⫽ 0.0007, t(141) ⫽ 0.049,
p ⫽ .9614.
Further evidence for the impact of ASL on attentional synchrony can be found when isolating ASL within a single film as
the manipulated variable. Raiders of the Lost Ark (Marshall, 1981),
Forrest Gump (Finerman et al., 1994), and O’ Brother, Where Art
Thou? (Coen, 2000) had three of the longest ASLs in Experiment
1 (15.0 s, 18.2 s, and 9.5 s, respectively) and three of the shortest
ASLs in Experiment 2 (1.6 s, 3.3 s, and 4.4 s, respectively).
Attentional synchrony estimates for these films significantly decreased when the clip ASLs were long in Experiment 1, relative to
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Figure 2. Attentional synchrony as a function of average shot length. For
illustrative purposes, average intersubject correlation (ISC) is regressed on
average shot length. Error bar indicates standard error of the mean across
participants.

when the clip ASLs were short in Experiment 2, M1 ⫽ 0.614, M2 ⫽
0.680, t(35) ⫽ ⫺4.34, p ⬍ .001, M1⫺M2 ⫽ ⫺0.066, 95% CI
[⫺0.0950, ⫺0.0368] (Figure 3, left). The Great Gatsby (Fisher et al.,
2013), Harry Potter and the Prisoner of Azkaban (Heyman et al.,
2004), and Jaws (Zanuck & Brown, 1975) had three of the shortest
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ASLs in Experiment 1 (2.3 s, 6.8 s, and 3.2 s, respectively) and three
of the longest ASLs in Experiment 2 (11.8 s, 37.1 s, and 15.4 s,
respectively). ISC values for these films significantly increased when
the clip ASLs were short in Experiment 1, relative to when the clip
ASLs were long in Experiment 2, M1 ⫽ 0.664, M2 ⫽ 0.532, t(35) ⫽
7.50, p ⬍ .001, M1⫺M2 ⫽ 0.132, CI [0.0992, 0.1666] (Figure 3,
right). Thus, within the same films, short-ASL clips produce a higher
degree of attentional synchrony than long-ASL clips (and vice versa),
which is consistent with the results of the regression analysis.
Attentional synchrony was also apparent in the absence of ASL.
The ISCs in both experiments for the clip from Gravity (Cuáron &
Heyman, 2013), which is filmed to appear as though it has no cuts,
were significantly greater than zero, M1 ⫽ 0.458, t(18) ⫽ 24.52,
p ⬍ .001; M2 ⫽ 0.501, t(17) ⫽ 33.63, p ⬍ .001. As a complement
to this approach, we used a randomization procedure (see
“Method”) to further assess the reliability of ISC and found significant ISCs for all participants (ps ⬍ 0.017). To provide readers
with a sense of the range of ISC values that could be obtained by
chance alone, we calculated the 95% confidence interval around
each null distribution, separately for each participant, and then
averaged the bounds across participants in each experiment: The
empirically observed, average ISC values (M1 and M2 above) are
well outside the average confidence intervals of the null distributions, Experiment 1 [⫺0.2077, 0.2087]; Experiment 2 [⫺0.2190,
0.2198]. Thus, the ISC values obtained from the Gravity (Cuáron
& Heyman, 2013) clip, though lower than most of the average ISC
values from the other clips, indicate that there are factors in
addition to ASL modulating attentional synchrony.

Discussion
In this study, we recorded participants’ eye movements while
they viewed clips from commercially produced Hollywood films

Figure 3. Attentional synchrony comparisons for clips with different average shot length (ASL) values, taken
from the same movies. ISC ⫽ intersubject correlation. ⴱⴱⴱp ⬍ .001.
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with a range of ASLs and found that longer ASL values are
predictive of diminished attentional synchrony across viewers.
These findings were replicated in an independent sample of participants who viewed a different set of clips from the same films
used in Experiment 1. Comparing across experiments, we found
that within the same films, clips with shorter ASLs synchronized
eye movements to a greater extent than did clips with longer ASLs.
To the best of our knowledge, this is the first study that has
systematically assessed the impact of ASL on attentional synchrony across viewers, providing robust empirical evidence for a
hypothesis that had not yet been formally tested. These findings
contribute to a preexisting body of research that has shown that
Hollywood films, and the style in which they are edited, produce
a high degree of attentional synchrony (Dorr et al., 2010; Goldstein
et al., 2007; Hasson et al., 2009; Hasson et al., 2004; Loschky et
al., 2015; Mital et al., 2011; Shepherd et al., 2010; Wang et al.,
2012). One intuitive explanation of our findings is that shorter shot
lengths guide viewer eye movements exogenously (i.e., as a result
of the rapidly changing visual stimulus), whereas longer shot
lengths grant viewers endogenous control over their eye movements as they have increased opportunity to visually scan the scene
in an autonomous manner (Germeys & d’Ydewalle, 2007; Mital et
al., 2011; Smith, 2012). Longer shots would lead to a divergence
of eye movements across participants, resulting in numerous,
distinct centers of interest (Smith & Mital, 2013), which would be
consistent with a decrease in ISC as ASL increases.
Despite the robustness of our results, we recognize that ASL
cannot be the only factor influencing attentional synchrony. We
selected the clip from Gravity (Cuáron & Heyman, 2013) to
include in our study because it is manufactured to appear as if it
was filmed in a single take and thus has no discernible ASL. In
both experiments, this clip produced somewhat smaller, yet still
significant, attentional synchrony, which suggests that there are
other factors within a scene that, combined with ASL, serve to
modulate attentional allocation. One obvious and salient factor of
Hollywood films that might influence attentional synchrony is
narrative—which encompasses the filmic organization of plot
events and the temporal relationship between them (Bordwell &
Thompson, 1984). After all, people often watch movies for their
stories, so plot elements likely play a vital role in determining how
a viewer attends to a scene, above and beyond stylistic factors
related to editing. Understanding how elements of cinematography
like shot size and framing impact attentional synchrony is another
important avenue for future research, as is a more systematic
understanding of the temporal dynamics of ISC during a given
viewing experience. Whether the higher ISC we observed in
shorter ASL film clips is due simply to there being an insufficient
amount of time for eye movements to desynchronize, and ISC to
decrease in magnitude, after a camera cut or due to a potentially
more complex underlying phenomenon (e.g., film clips with many
short shots may lead to more rapid synchronization after a cut
and/or a sustained period of ISC) remains an unanswered question
to be addressed by careful future experimentation.1
By replicating our experimental approach in Experiment 2, we
sought to mitigate the effects of elements such as style, genre, and
subject matter on attentional synchrony by using different scenes
from the same films. Though changes in visual style can occur
within a single film, each of the films we used had a single
director, cinematographer, and editing team throughout, which we

felt would produce less aesthetic change than introducing a new
film entirely. This was done by showing participants clips from
within the same films used in Experiment 1 but with diametrically
opposed ASLs—the films with roughly the shortest ASLs in
Experiment 1 became the films with the longest ASLs in Experiment 2, and vice versa. Because the style, genre, and subject matter
of the clips between the two experiments did not change, the
consistency of our findings from Experiment 1 to Experiment 2
confirms that ASL was an important modulating factor of attentional synchrony in both experiments.
That said, we recognize that our study does not wholly mitigate
narrative as a modulating factor of attentional synchrony. Although the participants viewed clips without the larger context of
the entire film, the clips themselves were presented intact as they
appear within the films from which they were taken. As the clips
were each roughly 3 min in length, participants likely had enough
time to make sense of the micronarratives within the scenes they
were viewing, even if the characters and settings were unfamiliar
to them. Thus, plot events within the clips still unfolded in a
logical order, and this likely guided attentional synchrony, as
demonstrated by the findings from Gravity (Cuáron & Heyman,
2013). Despite this, the replicability of the negative relationship
between ASL and ISC still indicates that ASL is a modulating
factor of attentional synchrony.
Our findings converge with the results of Loschky et al. (2015).
They investigated whether contextualizing a clip from Moonraker
(Broccoli & Wilson, 1979) affected attentional synchrony by
showing participants either a full clip or just its ending, to determine whether an understanding of the preceding narrative affects
attentional synchrony more so than the intensified continuity system alone. Although they found a difference between their context
and no context conditions, intensified continuity was still the
strongest influence on attentional synchrony (Loschky et al.,
2015). They also conducted a series of follow-up experiments
using a clip from Touch of Evil (Zugsmith, 1958) that also has no
discernible ASL. When comparing the attentional synchrony elicited by Moonraker (Broccoli & Wilson, 1979) and Touch of Evil
(Zugsmith, 1958), they found greater attentional synchrony in the
former (Hutson, Smith, Magliano, & Loschky, 2017). This is
consistent with the findings of the present study as the clip from
Moonraker (Broccoli & Wilson, 1979) had a much lower ASL
than the clip from Touch of Evil (Zugsmith, 1958). In this secondary experiment, Hutson and colleagues investigated the
effects of top-down (endogenous) control and bottom-up (exogenous) control as they pertain to narrative comprehension and
intensified continuity, respectively. By introducing a comprehension task, they sought to override the exogenous effects of
intensified continuity, inviting their viewers to take an active
rather than passive role in scene viewing. While attentional synchrony was significantly reduced in participants with a viewing
task, it was not eliminated entirely (Hutson et al., 2017). This
suggests that rather than negating the effects of intensified continuity altogether, a top-down viewing task may just minimize its
impact. Attentional synchrony is thus impacted by a combination
1
We thank an anonymous reviewer for making explicit these competing
interpretations.
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of narrative comprehension and intensified continuity, even when
the effects of the latter are minimal.
There is evidence to suggest that despite the influence of ASL,
a certain amount of narrative structure is required for a film to
produce attentional synchrony. Wang et al. (2012) divided and
shuffled a one-take, 6-min-long shot from Children of Men (Abraham, Newman, Smith, Smith, & Shor, 2006) at time scales of 0.5
s, 1 s, 2 s, 5 s, and 30 s. By essentially disregarding narrative and
manufacturing ASL, they were able to test whether eye movement
reliability was contingent upon a scene’s structural properties or
narrative context. They found that attentional synchrony increased
as the duration of the scrambled shots increased. If ASL is the only
factor modulating attentional synchrony, then the findings of
Wang and colleagues and the results of the present study would be
inconsistent. However, as demonstrated by Loschky and colleagues (2015) and discussed above, narrative modulates some
degree of attentional synchrony. The findings of the present study
may serve to explain the difference in attentional synchrony produced by narrative alone versus those amplified by the intensified
continuity system.
Another element that inevitably influences the extent to which
Hollywood films produce attentional synchrony is motion within a
shot. Cutting and colleagues have contributed to the literature with
an extensive body of work (Cutting, Brunick, & DeLong., 2011;
Cutting, Brunick, DeLong, et al., 2011; Cutting, DeLong, et al.,
2011; Cutting et al., 2010) about the evolution of the Hollywood
film. They argued that the other elements of intensified continuity
(i.e., the use of closer framing in dialogue scenes, bipolar extremes
of lens lengths, and an increasingly free-ranging camera) work
independently of ASL to systematically generate movement. They
distinguished between motion (people and objects moving against
a static background) and movement (as a result of a mobile camera
or changing lenses) and how these work together to create visual
change within an image and converted these elements into a
quantifiable metric they termed visual activity index (VAI; Cutting, DeLong, et al., 2011). Their findings were consistent with the
claims made by Bordwell (2002); VAI has increased over the
course of Hollywood’s history and is reliably negatively correlated
with ASL (Cutting, DeLong, et al., 2011). Since sudden movement
and abrupt onsets draw attention exogenously (Carrasco, 2011;
Lewis & Neider, 2013; Mital et al., 2011; Posner, 1980; Theeuwes,
Kramer, Hahn, Irwin, & Zelinsky, 1999), a clip’s VAI may also
systematically impact attentional synchrony, and this could be an
avenue for further investigation.
Studies of film perception have long implied that ASL modulates eye movements across viewers, and this study provides, for
the first time, robust empirical evidence to support that claim. Our
findings contribute to a body of work that seeks to identify and
explain human cognition as it relates to film viewing, contributing
to an increase in our scientific understanding of cinematic pursuits.

References
Abraham, M., Newman, E., Smith, I., Smith, T., Shor, H. (Producers), &
Cuáron, A. (Director). (2006). Children of Men [Motion picture]. United
Kingdom: Universal Studio.
Anderson, J. D. (1996). The reality of illusion: An ecological approach to
cognitive film theory. Carbondale, IL: Southern Illinois University Press.
Andreu-Sánchez, C., Martín-Pascual, M. Á., Gruart, A., & DelgadoGarcía, J. M. (2017). Eyeblink rate watching classical Hollywood and

9

post-classical MTV editing styles, in media and non-media professionals. Scientific Reports, 7, 43267. http://dx.doi.org/10.1038/srep43267
Berliner, T., & Cohen, D. J. (2011). The illusion of continuity: Active
perception and the classical editing system. Journal of Film and Video,
63, 44 – 63. http://dx.doi.org/10.5406/jfilmvideo.63.1.0044
Bordwell, D. (1989). A case for cognitivism. Iris, 9, 11– 40.
Bordwell, D. (2002). Intensified continuity: Visual style in contemporary
American film. Film Quarterly, 55, 16 –28. http://dx.doi.org/10.1525/fq
.2002.55.3.16
Bordwell, D., & Thompson, K. (1984). Film art: An introduction. Boston,
MA: McGraw-Hill.
Breeden, K., & Hanrahan, P. (2017). Gaze data for the analysis of attention
in feature films. ACM Transactions on Applied Perceptions, 14, 10 –11.
http://dx.doi.org/10.1145/3127588
Broccoli, A. R., & Wilson, M. G. (Producers), & Gilbert, L. (Director).
(1979). Moonraker [Motion picture]. United Kingdom: United Artists.
Carrasco, M. (2011). Visual attention: The past 25 years. Vision Research,
51, 1484 –1525. http://dx.doi.org/10.1016/j.visres.2011.04.012
Clarke, A. D. F., Stainer, M. J., Tatler, B. W., & Hunt, A. R. (2017). The
saccadic flow baseline: Accounting for image-independent biases in
fixation behavior. Journal of Vision, 17(11), 12. http://dx.doi.org/10
.1167/17.11.12
Coen, E. (Producer), & Coen, J. (Director). (2000). O’ brother, where art
thou? [Motion picture]. United States: Touchstone Pictures.
Cuáron, A. (Producer/Director), & Heyman, D. (Producer). (2013). Gravity
[Motion picture]. United States: Warner Brothers.
Cutting, J. E., Brunick, K. L., & DeLong, J. E. (2011). How act structure
sculpts shot lengths and shot transitions in Hollywood film. Projections,
5, 1–16. http://dx.doi.org/10.3167/proj.2011.050102
Cutting, J. E., Brunick, K. L., DeLong, J. E., Iricinschi, C., & Candan, A.
(2011). Quicker, faster, darker: Changes in Hollywood film over 75
years. i-Perception, 2, 569 –576. http://dx.doi.org/10.1068/i0441aap
Cutting, J. E., DeLong, J. E., & Brunick, K. L. (2011). Visual activity in
Hollywood film: 1935 to 2005 and beyond. Psychology of Aesthetics,
Creativity, and the Arts, 5, 115–125. http://dx.doi.org/10.1037/a0020995
Cutting, J. E., DeLong, J. E., & Nothelfer, C. E. (2010). Attention and the
evolution of Hollywood film. Psychological Science, 21, 432– 439.
http://dx.doi.org/10.1177/0956797610361679
DeLong, J. E., Brunick, K. L., & Cutting, J. E. (2013). Film through the
human visual system: Finding patterns and limits. In J. C. Kaufman &
D. K. Simonton (Eds.), Social science of cinema (pp. 123–137). New
York, NY: Oxford University Press. http://dx.doi.org/10.1093/acprof:
oso/9780199797813.003.0005
Dorr, M., Martinetz, T., Gegenfurtner, K. R., & Barth, E. (2010). Variability of eye movements when viewing dynamic natural scenes. Journal
of Vision, 10(10), 28. http://dx.doi.org/10.1167/10.10.28
d’Ydewalle, G., & Vanderbeeken, M. (1990). Perceptual and cognitive
processing of editing rules in film. In R. Groner, G. d’Ydewalle, & R.
Parham (Eds.), From eye to mind: Information acquisition in perception,
search, and reading (pp. 129 –139). Amsterdam, Oxford: North Holland.
Eisenstein, S. (1923). Montage of attractions. In J. Leyda (Ed.), The film
sense (pp. 230 –233). New York, NY: Meridian Books.
Finerman, W., Tisch, S., & Starkey, S. (Producers), & Zemeckis, R.
(Director). (1994). Forrest Gump [Motion picture]. United States: Paramount Pictures.
Fisher, L., Knapman, C., Luhrmann, B., Martin, C., & Wick, D. (Producers), & Luhrmann, B. (Director). (2013). The great Gatsby [Motion
picture]. United States: Warner Brothers.
Franchak, J. M., Heeger, D. J., Hasson, U., & Adolph, K. E. (2016). Free
viewing gaze behavior in infants and adults. Infancy, 21, 262–287.
http://dx.doi.org/10.1111/infa.12119
Germeys, F., & d’Ydewalle, G. (2007). The psychology of film: Perceiving
beyond the cut. Psychological Research, 71, 458 – 466. http://dx.doi.org/
10.1007/s00426-005-0025-3

This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

10

GANNON AND GRUBB

Goldstein, R. B., Woods, R. L., & Peli, E. (2007). Where people look when
watching movies: Do all viewers look at the same place? Computers in
Biology and Medicine, 37, 957–964. http://dx.doi.org/10.1016/j
.compbiomed.2006.08.018
Handbrake Team. (2018). Handbrake [Computer software]. Retrieved
from https://handbrake.fr
Hasson, U., Landesman, O., Knappmeyer, B., Vallines, I., Rubin, N., &
Heeger, D. (2008). Neurocinematics: The neuroscience of film. Projections, 2, 1–26. http://dx.doi.org/10.3167/proj.2008.020102
Hasson, U., Malach, R., & Heeger, D. J. (2009). Reliability of cortical
activity during natural stimulation. Trends in Cognitive Sciences, 14,
40 – 48. http://dx.doi.org/10.1016/j.tics.2009.10.011
Hasson, U., Nir, Y., Levy, I., Fuhrmann, G., & Malach, R. (2004).
Intersubject synchronization of cortical activity during natural vision.
Science, 303, 1634 –1640. http://dx.doi.org/10.1126/science.1089506
Heyman, D., Columbus, C., & Radcliffe, M. (Producers), & Cuáron, A.
(Director). (2004). Harry Potter and the prisoner of Azkaban [Motion
picture]. United States: Warner Brothers.
Hutson, J. P., Smith, T. J., Magliano, J. P., & Loschky, L. C. (2017). What
is the role of the film viewer? The effects of narrative comprehension
and viewing task on gaze control in film. Cognitive Research: Principles
and Implications, 2, 46. http://dx.doi.org/10.1186/s41235-017-0080-5
Kuleshov, L. V. (1935). The principles of montage. In R. Levaco (Ed.),
Kuleshov on film: Writings of Lev Kuleshov (pp. 183–195). Berkeley,
CA: University of California Press.
Lewis, J. E., & Neider, M. B. (2013). Do looming objects capture overt
attention? Proceedings of the Human Factors and Ergonomics Society Annual Meeting, 57, 1109 –1113. http://dx.doi.org/10.1177/
1541931213571247
Loschky, L. C., Larson, A. M., Magliano, J. P., & Smith, T. J. (2015). What
would Jaws do? The tyranny of film and the relationship between gaze
and higher-level narrative film comprehension. PloS ONE, 10(11),
e0142474. http://dx.doi.org/10.1371/journal.pone.0142474
Marshall, F. (Producer), & Spielberg, S. (Director). (1981). Raiders of the
lost ark [Motion picture]. United States: Paramount Pictures.
Mital, P. K., Smith, T. J., Hill, R. L., & Henderson, J. M. (2011). Clustering
of gaze during dynamic scene viewing is predicted by motion. Cognitive
Computation, 3, 5–24. http://dx.doi.org/10.1007/s12559-010-9074-z
Münsterberg, H. (1916). The photoplay: A psychological study. New York,
NY: D. Appleton and Company.
Parkhurst, D. J., & Niebur, E. (2003). Scene content selected by active
vision. Spatial Vision, 16, 125–154. http://dx.doi.org/10.1163/
15685680360511645
Peirce, J. W. (2007). PsychoPy—Psychophysics software in Python. Journal of Neuroscience Methods, 162, 8 –13. http://dx.doi.org/10.1016/j
.jneumeth.2006.11.017
Posner, M. I. (1980). Orienting of attention. The Quarterly Journal of
Experimental Psychology, 32, 3–25. http://dx.doi.org/10.1080/
00335558008248231
Reinagel, P., & Zador, A. M. (1999). Natural scene statistics at the centre
of gaze. Network, 10, 341–350. http://dx.doi.org/10.1088/0954898X_10_4_304
Salt, B. (n.d.). Salt’s database: Average shot length data. Retrieved from
http://cinemetrics.lv/satltdb.php#ss

Shepherd, S. V., Steckenfinger, S. A., Hasson, U., & Ghazanfar, A. A.
(2010). Human-monkey gaze correlations reveal convergent and divergent patterns of movie viewing. Current Biology, 20, 649 – 656. http://
dx.doi.org/10.1016/j.cub.2010.02.032
Shimamura, A. P., Cohn-Sheehy, B. I., Pogue, B. L., & Shimamura, T. A.
(2015). How attention is driven by film edits: A multimodal experience.
Psychology of Aesthetics, Creativity, and the Arts, 9, 417– 422. http://
dx.doi.org/10.1037/aca0000025
Smith, T. J. (2012). The attentional theory of cinematic continuity. Projections, 6, 1–27. http://dx.doi.org/10.3167/proj.2012.060102
Smith, T. J. (2013). Watching you watch movies: Using eye tracking to
inform film theory. In A. P. Shimamura (Ed.), Psychocinematics: Exploring cognition at the movies (pp. 165–192). New York, NY: Oxford
University Press. http://dx.doi.org/10.1093/acprof:oso/9780199862139
.003.0009
Smith, T. J., & Henderson, J. M. (2008). Edit blindness: The relationship
between attention and global change blindness in dynamic scenes. Journal of Eye Movement Research, 2, 1–17. http://dx.doi.org/10.16910/jemr
.2.2.6
Smith, T. J., & Mital, P. K. (2013). Attentional synchrony and the influence
of viewing task on gaze behavior in static and dynamic scenes. Journal
of Vision, 13(8), 16. http://dx.doi.org/10.1167/13.8.16
Spiegel, S. (Producer), & Lean, D. (Director). (1957). The bridge on the
river Kwai [Motion picture]. United Kingdom: Columbia Pictures.
Tatler, B. W. (2007). The central fixation bias in scene viewing: Selecting
an optimal viewing position independently of motor biases and image
feature distributions. Journal of Vision, 7(14), 1. http://dx.doi.org/10
.1167/7.14.4
Tatler, B. W., & Vincent, B. T. (2009). The prominence of behavioural
biases in eye guidance. Visual Cognition, 17(6 –7), 1029 –1054. http://
dx.doi.org/10.1080/13506280902764539
Theeuwes, J., Kramer, A. F., Hahn, S., Irwin, D. E., & Zelinsky, G. J.
(1999). Influence of attentional capture on oculomotor control. Journal
of Experimental Psychology: Human Perception and Performance, 25,
1595–1608. http://dx.doi.org/10.1037/0096-1523.25.6.1595
Thomas, E., & Roven, C. (Producers), & Nolan, C. (Producer/Director).
(2008). The dark knight [Motion picture]. United States: Warner Brothers.
Tseng, P. H., Carmi, R., Cameron, I. G. M., Munoz, D. P., & Itti, L. (2009).
Quantifying center bias of observers in free viewing of dynamic natural
scenes. Journal of Vision, 9(7), 4. http://dx.doi.org/10.1167/9.7.4
Wang, H. X., Freeman, J., Merriam, E. P., Hasson, U., & Heeger, D. J.
(2012). Temporal eye movement strategies during naturalistic viewing.
Journal of Vision, 12(1), 16. http://dx.doi.org/10.1167/12.1.16
Zanuck, R., & Brown, D. (Producers), & Spielberg, S. (Director). (1975).
Jaws [Motion picture]. United States: Universal Pictures.
Zugsmith, A. (Producers), & Welles, O. (Director). (1958). Touch of Evil
[Motion picture]. United States: Universal International.

Received April 30, 2019
Revision received December 14, 2019
Accepted January 28, 2020 䡲

Running Head: EFFECT OF ASL ON ATTENTIONAL SYNCHRONY

Experiment 1

36

Experiment 2

Slope

Y-Intercept

Slope

Y-Intercept

-0.010100

0.752400

-0.012500

0.732800

-0.007600

0.662600

-0.005500

0.609100

-0.010000

0.716000

-0.007200

0.684600

-0.008800

0.741600

-0.012300

0.675800

-0.012500

0.740200

-0.002500

0.638300

-0.011300

0.778800

-0.006100

0.719400

-0.005100

0.688100

-0.004600

0.601400

-0.005800

0.646700

-0.005500

0.702700

-0.006200

0.676900

-0.006200

0.696000

-0.010100

0.677000

-0.004400

0.648700

-0.000800

0.670400

-0.007700

0.725200

-0.009900

0.798000

-0.003200

0.610600

-0.013400

0.793800

-0.007300

0.621500

-0.000900

0.628700

-0.005900

0.707000

-0.010500

0.676900

-0.007600

0.696700

-0.008200

0.694100

-0.001800

0.572200

-0.012500

0.765000

-0.004600

0.707900

-0.004400

0.647600

-0.002700

0.595100

-0.012000

0.754200

-

-

Mean

-0.008426

0.711000

-0.005978

0.663611

SD

0.003714

0.052989

0.002932

0.051527

Supplementary Table 1. Regression parameter estimates for individual participants; mean and
standard deviation (SD) in bold.
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Supplementary Discussion
Below, we present a detailed discussion on covariance, correlation, and the possibility that
center-gaze bias might play a confounding role in our results. We first repeat the formulas for
covariance and correlation found above in the methods section:

Cov(A, B) =

Σ (At − A ) * (Bt − B )
Cov(A, B)
, Cor r (A, B) =
SA * SB
N−1

A and B refer to two distinct eye movement time courses, each having N number of observations;
At and Bt indicate the values of eye movement time course A and B, respectively, at time t. Thus,
covariance is defined as the inner product of the two mean subtracted eye movement time
courses, divided by one less than the length of the eye movement time courses. The correlation
between A and B is given by the covariance of A and B, divided by the product of the eye
movement time course standard deviations (SA and SB). Normalizing by the product of the
standard deviations ensures that the magnitude of the correlation coefficient is unaffected by the
range of the values used to compute the covariance, and the value will always fall between -1
and 1. As a result of this normalization, comparing the strength of correlation coefficients is
straightforward (e.g., comparing the ISC produced by a film clip with a short ASL to one
produced by a long ASL). That said, the magnitude of the covariance of A and B depends
strongly on the range of values present in A and B (see simulations below), and thus, comparing
the strength of covariance estimates is not straightforward if the range of values differs between
the two sets of eye movement time courses (i.e., covariances produced by a clip with a short ASL
and one produced by a long ASL are not easily comparable if the range of eye positions elicited
by the two clips differ). This is directly relevant to the issue of center-gaze-bias.
For each participant and for each clip used in our study, we quantified center-gaze-bias by
calculating the Euclidean distance between the center of the screen and each x,y eye gaze sample
obtained during the clip; we then took the average of these distances to get a single estimate of
the distance-to-screen-center (separately for each participant and each clip). As might be intuited
by a savvy reader, distance-to-screen-center was positively correlated with ASL: as the shot
lengths increased, eye positions deviated more from the center. Or said the other way, shorter
ASL clips led to smaller deviations from the screen center (evidence of increased center-gazebias). Detailed results are available in the main text. Having established that center-gaze-bias is
related to ASL, our primary independent variable, the critical question is whether this bias can
explain our results. Below we provide the evidence necessary to conclude that it cannot.
Figure S1 below shows the relationship between distance-from-screen-center and the standard
deviation of the eye movement time course. Each dot is a participant (one for each clip in each
experiment), with x-dimension and y-dimension data plotted separately. It’s clear from the figure
that the two measures are strongly related. Importantly for our results, the eye movement time
course standard deviation is included in the correlation coefficient equation above (SA, SB). When
we use correlation to quantify attentional synchrony and then assess how the strength of that
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Distance from screen center (pixels)

synchrony changes between different clips (rather than covariance, more on this below), we are
essentially controlling for any differences in the eye movement time course standard deviations
that might exist between any two clips that we want to compare; the coefficients are standardized
and easily comparable.
400

X-Dimension
Y-Dimension

300

200

100

Figure S1
0

0

100

200

300

400

Eye movement time course standard
deviation (pixels)

In Figure S2 below, we plot the average eye movement time course in the x-dimension for the
Gravity clip in Experiment 1 (blue line) and in Experiment 2 (red line). Because we are
averaging across 19 and 18 viewers in each experiment, respectively, individual idiosyncrasies
are vastly reduced, and we see strong evidence that average eye position across the two
experiments is highly reliable (covariance = 11,356.75; product of standard deviations =
13,983.34; Pearson correlation coefficient=0.8122). This is expected because participants
watched the same clip from Gravity in both experiments. And to be completely explicit here, we
know that reliability in the Gravity clip is greatly reduced (of the lowest in our two experiments)
when we evaluate reliability across participants within a given experiment. Averaging across all
participants to evaluate the inter-experiment reliability is simply for explanatory purpose and
helps to illustrate an important point using real data.

Figure S2
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Figure S3

In Figure S3, we inserted an artificial center-gaze-bias into each eye movement time course by 1)
subtracting the mean, 2) multiplying by a scaling factor (0.5 in this example), and 3) adding back
the mean of the original eye movement time course at each point. This maintains the temporal
relationships in each eye movement time course, maintains the mean value of each eye
movement time course, but reduces the standard deviation by half (the reduction in variability
and the maintenance of the temporal structure can be seen when visually comparing Figures S2
and S3). Because the magnitude of the covariance estimate depends on the range of values in
each eye movement time course, the covariance between the eye movement time courses in
Figure S3 is reduced to 2839.19. That said, the correlation coefficient takes this change of scale
into account by normalizing the covariance by the product of the standard deviations. The result
of which, in this example, is to divide the reduced covariance by a reduced product of the
standard deviations (3495.84), which yields the same correlation coefficient as above (r=0.8122).
The important point here is that the magnitude of the covariance estimate decreases, but the
correlation coefficient remains the same. Table S2 below provides comprehensive results for
scaling factors from 1 (i.e., the unaltered eye movement time courses) to 0.1, in 0.1 increments,
for both the x and y dimensions. Across all scaling factors, and in both dimensions, a simulated
center-gaze-bias leads to a reduction in the covariance estimate, but no change in the estimate of
the correlation coefficient. It would be a mistake to interpret the reduction in covariance as a
reduction in the similarity of the two eye movement time courses because the temporal
relationships between the signals were not altered. That the temporal structure was preserved is
further evidenced by the fact that the correlation coefficient is unaffected by changes in the
standard deviation of the eye movement time courses. Critically for our results, correlation
coefficients will be robust to the differences in center-gaze-bias reported above.
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Y-Dimension

Scaling
Factor

Covariance

Product of
standard
deviations

Correlation
Coeﬃcient

Covariance

Product of
standard
deviations

Correlation
Coeﬃcient

1

11,356.7479

13,983.3428

0.8122

6529.5170

7426.4586

0.8792

0.9

9,198.9658

11,326.5077

0.8122

5288.9088

6015.4314

0.8792

0.8

7,268.3186

8,949.3394

0.8122

4178.8909

4752.9335

0.8792

0.7

5,564.8064

6,851.8380

0.8122

3199.4633

3638.9647

0.8792

0.6

4,088.4292

5,034.0034

0.8122

2350.6261

2673.5251

0.8792

0.5

2,839.1870

3,495.8357

0.8122

1632.3793

1856.6146

0.8792

0.4

1,817.0797

2,237.3348

0.8122

1044.7227

1188.2334

0.8792

0.3

1,022.1073

1,258.5009

0.8122

587.6565

668.3813

0.8792

0.2

454.2699

559.3337

0.8122

261.1807

297.0583

0.8792

0.1

113.5675

139.8334

0.8122

65.2952

74.2646

0.8792

And while it is true that the standard deviations will be reduced if center-gaze-biases are present,
and thus the denominator in the correlation coefficient equation will be smaller, we do need not
worry about artificial inflation of the coefficient magnitudes. This is because, as demonstrated
above and in Table S2, the numerator (i.e., covariance) will also be reduced when center-gazebiases are present.

Covariance Magnitude

In Figure S4 (right), we plot the data from Table S2 to
12000
X-Dim
show that across all scaling factors (and importantly for
Y-Dim
scaling factor 1, which is the unaltered eye movement
9000
time courses), the covariance estimates for the x6000
dimension are larger than the covariance estimates for
the y-dimension; and yet, the correlation coefficient for
3000
the x-dimension data, which is constant across all
Figure S4
scaling factors, is smaller than the correlation
0
coefficient for the y-dimension. This seemingly odd
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
situation where the covariance is larger in the xScaling Factor
dimension than in the y-dimension, but the correlation
coefficient is larger in the y-dimension than in the x-dimension, can easily be explained by the
aspect ratio of the film clip. The x-dimension is wider than the y-dimension is tall, and returning
to our original point that the magnitude of the covariance estimate is affected by the range of
values used to compute it, we should expect to see larger covariance in X simply because the
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film clip was presented in a rectangular aspect ratio (see also Figure S1, where the y-dimension
data cluster in the lower left part of the graph).
While the use of correlation does account for eye movement time course standard deviations, and
thus, the degree of center-gaze-bias from clip to clip, we nonetheless computed two additional
control analyses: we included each participant’s distance-from-screen-center estimate in our
regression analyses, which allowed us to assess the relationship between our predictor variable
(ASL) and our outcome variable (ISC), while controlling for the relationship between ASL and
distance-from-screen-center. With this additional covariate in the model, we still observed a
significant relationship between ASL and ISC, and a non-significant relationship between
distance-from-screen-center and ISC. This held for both statistical approaches (the individual
level regressions and the linear mixed effects modeling) and for both experiments. See the main
text for detailed results.

