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It is widely acknowledged that people are emotionally affected by movies, but how does the 
physical structure of movies contribute to emotional engagement? To answer this question, we 
measured subjective and objective emotional tension as forty viewers watched a series of short 
movies. We mapped the resulting data against the dynamic low-level structure of each movie, 
isolating the effects of clutter, luminance, motion, shot density, shot scale, and sound amplitude 
on emotional response. Across all measures, viewers’ responses to the movies were notably 
synchronized, and this synchrony appears to be partly driven by low-level cinematic structure. 
These findings provide empirical support for several long-standing ideas that lie at the 
intersection of film theory and the psychology of emotion. 
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 In 2019, 1.24 billion movie tickets were sold in the U.S. and Canada,1 illustrating a 
widespread captivation with Hollywood film that can arguably be attributed—at least in part—to 
its emotional appeal. But this raises questions, because movies typically tell fictional stories. 
Viewers are aware that the narratives they see on screen are artificial. Yet, they cry when a 
beloved character dies, and their hearts race as the protagonist narrowly escapes an attack. How 
can it be that people feel very real emotions in response to imaginary characters written into 
fictional situations? 
 
 This phenomenon—known as the paradox of fiction (Radford & Weston, 1975)—is 
rooted in the concept of narrative transportation, which describes viewer immersion in a world 
evoked by a fictional story (see Gerrig, 1993; Green & Brock, 2002). The mechanisms 
underlying narrative transportation have been explored in a number of ways, ranging from neuro-
psychoanalytic perspectives (Holland, 2003) to the intersection between art and phenomenology 
(e.g., Paskow, 2008; Walton, 1993). A model that is arguably most relevant to the psychological 
study of film was put forth by Busselle and Bilandzic (2009). It distinguishes four interrelated 
dimensions of narrative engagement:  
 

1) Attentional focus (sustained engagement with the storyline) 
2) Narrative understanding (ease in comprehending the narrative) 
3) Emotional engagement (feeling for and with the characters) 
4) Narrative presence (entering the story world) 
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replicate the final, authoritative version of the article. Please do not copy or cite without authors' permission. 
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Several scholars have considered the psychological mechanisms underlying narrative 
engagement in the specific context of film viewing. For instance, building on cognitive theories 
of emotion (Frijda, 2007; Oatley, 1999, 2012, 2013), Tan (2018) proposed that film viewers 
engage in playful simulation. As a narrative unfolds on screen, viewers imagine that they are 
present in the fictional world occupied by its characters. As such, they take on the role of 
witness, which involves both embodied perception of the action taking place within the fictional 
world and an imaginary participation in such action. Viewers do not act on these events, but they 
accept them as real for the sake of enjoyment. Entertaining such events as plausibly true leads to 
genuine emotional responses, since humans are equipped with the capacity to experience 
palpable emotion in response to mental representations of imaginary events (Tan, 1996).  

 
 While grounded in cognitive models of emotion, playful simulation also relies heavily on 
perceptual input. Tan (2018) described how the apparent realism of film depends on the visual 
emphasis of emotional triggers (for example, editing technology can strengthen the abruptness of 
an enemy’s appearance)—even if further cognitive processing of the stimulus leads film viewers 
to conclude that the perceived event is artificial.  
 
 Research on the role of perceptual mechanisms in fostering narrative engagement largely 
focuses on the low-level features of film—defined as quantitative aspects of film structure 
(Brunick et al., 2013). These include shot scale (the relative size of a character within the frame 
of a shot), shot duration (the length of time that a shot lasts), luminance (the amount of light 
present in an image), clutter (a measure of edge density), and motion (the change in the intensity 
of pixels across adjacent frames). Investigation of these features illuminates the ways in which 
filmmakers capitalize on human perceptual processes to foster various aspects of narrative 
engagement—particularly attentional focus and narrative understanding. And they seem to have 
built a likely foundation for emotional engagement as well. 
 
Attentional Focus 
 
 Eye tracking studies demonstrate that Hollywood film results in a high degree of 
attentional synchrony: viewers generally look at the same things at the same time (e.g. Goldstein 
et al., 2007; Smith & Henderson, 2008). During free viewing of single-shot film clips, gaze 
location is best predicted by motion, and to a lesser degree, by static features including color, 
luminance, and orientation (Carmi & Itti, 2006; Itti, 2005; Mital et al., 2011). In a phenomenon 
known as the tyranny of film, low-level film structure guides attention even more so than 
viewers’ event models related to the narrative (Loschky et al., 2015), and this spell is only 
broken when viewers are tasked with attending to the peripheral features of a scene (Hutson et 
al., 2017). Comparatively, when viewing static scenes, fixations tend to cluster at the same 
locations, but not at the same time (Mannan et al., 1997), suggesting that the motion in dynamic 
stimuli is key to guiding attention in real time.  
 

Neural evidence provides further support for attentional synchrony among film viewers. 
Hasson et al. (2004) found that viewing a segment of The Good, the Bad and the Ugly (Leone, 
1966) evoked synchronized neural activity across 45% of the cortex, time-locked to the content 
of the film. In contrast, unedited video footage of a concert recorded from a single viewpoint 
resulted in synchrony across only 5% of the cortex. These findings demonstrate that Hollywood 
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film has the distinct capacity to induce harmonized neural activity—a capacity that is not 
reflected in natural stimuli (also see Hasson et al., 2010).  

 
Narrative Understanding 
 

Narrative understanding is largely achieved through event segmentation; the ability to 
parse an ongoing narrative into smaller, more manageable events is linked to better memory for 
narrative content and stronger predictions about what will happen in the future (see Richmond et 
al., 2017). In contemporary film, events are represented by scenes comprised of a mean of seven 
shots and a median of twelve (Cutting, Brunick, & Candan, 2012), and, like theater, are defined 
by shifts in character, location, and/or time (Polking, 1990; Zacks & Tversky, 2001).  

 
Viewers generally agree on where to segment whole films into events, suggesting that 

filmmakers successfully cue viewers to event boundaries (Cutting, Brunick, & Candan, 2012); 
indeed, several low-level visual features explain segmentation variance: shot scale accounts for 
13% and shot duration 9% (Cutting, Brunick, & Candan, 2012), as scenes generally begin and 
sometimes end with longer-scaled, longer-duration shots to provide viewers with optimal visual 
information (Bordwell, 2006; Cutting & Iricinschi, 2015; Smith et al., 2012). Color, explaining 
4% of segmentation variance, is manipulated to mark event boundaries in a way that replicates 
location and time changes in the real world: urban scenes are often grayish-brown while 
suburban scenes are green, and night scenes are imbued with hints of blue while day scenes are 
yellow or orange (Cutting, Brunick, & Candan, 2012). These findings illustrate that filmmakers 
facilitate viewer comprehension of the narrative by constructing film to appeal to the parsing 
mechanisms of the human mind.  

 
And once again, neural evidence corroborates this notion. Hasson et al. (2008) revealed 

numerous brain regions where neural activity is substantially more correlated across viewers 
during portions of a film that are later successfully (versus unsuccessfully) recalled in terms of 
their narrative content. These regions include the parahippocampal gyrus (associated with 
episodic encoding) and the superior temporal gyrus (associated with visuomotor integration and 
narrative comprehension), suggesting that film engages viewers by triggering a particular pattern 
of neural processing that promotes narrative encoding.  

 
Emotional Engagement 
 
 In addition to driving attentional focus and narrative understanding through low-level 
cinematic structure, filmmakers appear to use an arsenal of visual tools to influence emotional 
engagement as well. Specifically, previous research indicates that luminance, motion, and shot 
scale are instrumental in setting the emotional tone of a scene.  
 

Horror movies take particular advantage of luminance. Films such as The Blair Witch 
Project (Myrick & Sanchez, 1999) and The Descent (Marshall, 2005) are relatively dark, 
presumably heightening the viewer’s sense of helplessness as they are, in a sense, blinded during 
the film (Brunick, et al., 2013). Indeed, the mood-cue approach to film (G. Smith, 2003) suggests 
that film structure orients viewers to interpret cinematic events through a specific emotional lens. 
In support of this idea, Cutting (2016a, 2016b) found that the luminance of scenes in popular 
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film aligns with the emotional tone of the narrative: the literal darkest moment of the film occurs 
at a point in plot development when the protagonist seems least likely to achieve their goal, and 
the literal brightest moment occurs once that goal has been achieved. These findings suggest that 
filmmakers use luminance to cue the emotional content of scenes, guiding viewers to feel 
helplessness and elation, respectively, in response to a character’s losses and victories.  

 
The degree of motion in a film influences emotional engagement in three distinct ways. 

First, motion induces positive affect: over time, shot duration in Hollywood film has decreased, 
resulting in a quicker cinematic pace (DeLong et al., 2013), which leads to a more positive mood 
(Pronin & Jacobs, 2008). Grodal (2009) proposed that the rapid activity of contemporary films 
may be linked to dopamine release in the viewer, which is associated with reward and positive 
affect (e.g., Fields & Margolis, 2015). 

 
Second, motion influences the perceived intensity of emotion: when the speed of point-

light figures is manipulated on screen, viewers perceive faster angry movements as more 
emotionally intense than slower angry movements, and the opposite pattern is observed for sad 
movements.2 In the realm of Hollywood film, these findings apply particularly well to the jump 
cut—an editing technique in which two sequential shots of the same action are recorded from 
camera positions that vary only slightly (if at all), giving the impression of jumping slightly 
ahead in time. Hogan (2007) proposed that, by altering the temporal aspect of motion, jump cuts 
may serve to increase the density of gestures, and consequently, their emotional impact.  

 
Third, motion may be beneficial to facial expression processing (e.g., Ambadar et al., 

2005), and exposure to dynamic (compared to static) facial expressions enhances activity in brain 
regions associated with emotional memory encoding and emotional arousal (Trautmann et al., 
2009). These findings suggest that film, by its dynamic nature, is a medium rich in opportunity 
for emotional engagement with characters as they outwardly process their cinematic worlds. 

 
A closer look at the cinematic treatment of faces is warranted, because in addition to 

attending to motion, film viewers tend to gaze at the faces of characters engaged in conversation 
(Smith & Henderson, 2008). And as films are largely built around the emotional responses of 
characters to various situations (Plantinga, 2009; Tan, 1996), they are rife with facial expressions 
of emotion (Cutting & Armstrong, 2018).  

 
The way that faces are framed matters for viewer engagement. Framing is determined by 

shot scale, where the closer the shot, the larger the character’s face onscreen; and the longer the 
shot, the smaller the face. Over the last century, mean shot scale has shifted from approximately 
a medium long shot (showing the character from the knees up) to a medium close-up shot 
(showing the character from mid-chest up; Cutting & Armstrong, 2018; Salt, 1992, 2006), thus 
allowing facial expressions to prevail in conjunction with body language and the ambient mood 
of a scene.3 Furthermore, medium close-up shots minimize the effort required of the viewer to 
read facial expressions on screen, as they can simultaneously gather information from the eyes 
and the mouth of a character in a single glance (Smith, 2012, 2013). As such, Kovács (2020) 
proposed that medium close-up shots promote optimal viewer immersion by facilitating 
emotional attachment while avoiding unsettling closeness to characters’ faces (see Benini et al., 
2019). 
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Furthermore, clutter interacts with shot scale in the perception of character’s facial 

expressions. In longer (but not closer) shots, greater clutter impedes the processing of facial 
expression valence. Remarkably, filmmakers seem to hold implicit knowledge of this effect, as 
they accommodate longer visual processing times by prolonging the duration of longer shots that 
contain a relatively high degree of clutter (Cutting & Armstrong, 2016). Collectively, these 
findings suggest that filmmakers manipulate shot scale to facilitate emotional engagement 
through facial expression processing.  

 
It is important to note that the evidence presented here is largely relevant to viewers’ 

perception of emotion portrayed through film rather than felt emotional experience within 
viewers themselves. While these findings suggest ways in which filmmakers manipulate low-
level film structure to drive emotional comprehension of cinematic narratives, any conclusions 
regarding true emotional engagement remain speculative—particularly given that emotional 
engagement, by definition, involves empathic feeling for and with characters (Busselle & 
Bilandzic, 2009; Gerrig, 1993; Green & Sestir, 2017).  

 
However, music is a domain of cinema that enjoys greater empirical support surrounding 

emotional response. Not only does music incite physiological change among listeners (e.g., 
Kelley et al., 2014; Rickard, 2004), but it influences the perceived valence of film clips (Ellis & 
Simons, 2005), and higher melodic complexity induces emotional engagement among film 
viewers.4 The emotional impact of music in film is likely due to its contribution to the mood of a 
scene, priming effects related to the perception of characters’ facial expressions (S. Tan et al., 
2007), and foreshadowing of narrative events (Magliano et al., 1996). 

 
But music is not the only source of sound in film. Conversations between characters 

occur in 72% of shots in dramas, 60% in comedies, and 43% in action films (Cutting, 2016a). 
Ignoring narrative content, sound may influence emotional response by its modulation alone. 
Indeed, given that louder music is perceived as more emotionally arousing (Dean et al., 2011), 
coupled with conversation, the overall sound amplitude of a film is another low-level feature 
worth investigating in terms of emotion elicitation. 

 
The Present Study 

 
While the research linking the visual structure of film to narrative engagement is 

considerable, a number of questions remain unanswered. Namely, to what extent do low-level 
cinematic variables influence emotional engagement in viewers? And are viewers synchronized 
in their emotional responses to film, as they are in their attentional and neural patterns during 
film viewing? We addressed these questions by capturing viewers’ dynamic emotional reactivity. 
Numerous theories of emotion conceptualize emotion as discrete, dimensional, or some 
combination of the two (for a review, see De Houwer & Hermans, 2010). However, this project 
sought to operationalize emotion as existing along a single collative dimension (Berlyne, 1971), 
a collapse of multiple components of emotional experience into a single measure that is 
relatively easy to capture in real time with little cognitive load. 
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Here, Busselle and Bilandzic’s (2009) approach to narrative engagement is informative. 
The authors claim that emotional engagement is rooted in the arousal component of emotional 
experience rather than its valence, and that its occurrence is not specific to any discrete emotion. 
Thus, a suitable measure of dynamic emotional reactivity is emotional tension—described 
broadly as a state of emotional arousal resulting from states of conflict, instability, dissonance, or 
uncertainty (Lehne & Koelsch, 2015). Emotional tension is independent of emotional valence, 
and as such, it captures a wide array of emotional states. Paired with physiological markers of 
emotional arousal, a comprehensive picture of dynamic emotional response emerges—one that 
can be analyzed against a backdrop of the low-level features that vary across a film.  

  
Methods 

Movies 
 

Five short movies were shown: one for practice and four as experimental stimuli. Each 
session began with the former, a 2.5-min trailer for The Light Between Oceans (Cianfrance, 
2016). This film is a romantic drama that depicts the events that transpire after a lighthouse 
keeper and his wife discover a baby in a rowboat and decide to raise her as their own.  

 
The four stimulus movies included: Borrowed Time (Coats & Hamou-Lhadj, 2015), a 

6.75-min Pixar film that won the 2017 Academy Award for best animated short. It is an 
action/adventure that depicts a Sheriff who revisits the site of an accident, where he is confronted 
with memories that force him to relive his role in a past tragedy. The second animation was 
Paperman (Kahrs, 2012), a 6.5-min Pixar/Disney film that won the 2012 Academy Award for 
best animated short. It is a romantic comedy that depicts a day in the life of an office worker 
after he meets an attractive woman and proceeds to use a fleet of paper airplanes to get her 
attention. The third film, Stutterer (Cleary, 2015), is a 13-min drama that won the 2015 Academy 
Award for best live-action short film. It depicts a man whose crippling stutter not only leads him 
to feel isolated from the world, but also threatens to compromise a flourishing online 
relationship. And the fourth film is The Voorman Problem (Gill, 2011), a 12.5-min film that was 
an Academy Award nominee for best live-action short film. It is a science fiction movie that 
depicts a psychiatrist’s experience dealing with an incarcerated patient who claims to be a god. 

 
The four movies and the trailer were screened on a 13-inch MacBook Air, and 

participants wore Sony ZX Series On-Ear Headphones while viewing them. These headphones 
block a moderate amount of noise, but are not noise-cancelling, thus allowing for ongoing 
communication with participants throughout the study. 

  
Stimulus Variables 
 

A MATLAB script was written to analyze the low-level visual structure of each movie. 
First, all frames were downsampled to a 256 x 256 array of pixels and converted to grayscale, 
yielding an 8-bit pixel range (0 for blackest black to 255 for whitest white). These values were 
gamma-transformed to reflect the nonlinear sensitivity of the human eye to brightness. The script 
divided each movie into 5-s bins, then generated six continuous physical variables: 

 



Emotion & movies  

 

7 

Clutter was operationalized as edge density and was measured by applying a Laplacian 
of Gaussian filter to each frame. This filter defines edges as second-derivative zero crossings in 
luminance (Cutting & Armstrong, 2016; Marr, 1982) and generates images containing jagged 
black lines of single-pixel width where zero crossings occur. Clutter in each frame was assessed 
by measuring the ratio of black to white pixels in these images, and the resulting proportions 
were averaged across frames within each bin. Average values ranged from .001 to .108. 

 
Luminance was measured by averaging pixel values within each frame, and then across 

frames within each bin, resulting in a potential range of values from 0 to 255 (Cutting, Brunick, 
and Candan, 2012), and an actual range of 0 to 207.2. 

 
Motion was operationalized as the change in pixels across adjacent frames, without 

regard to their structural patterns (Cutting, DeLong, & Brunick, 2011; Cutting, 2014). While this 
strategy incorporated pixel changes that do not directly map onto ecological motion (e.g., cuts 
across scene changes), the quantity of these values is miniscule. Nonetheless, they are valuable 
in the sense that they capture a particular feature of cinematic motion—that it, the sense of 
“being taken for a ride,” largely achieved through intensified continuity, which utilizes a rapid 
pace of editing to remove extraneous narrative detail in favor of perceived cohesion (Bordwell, 
2002, 2006). In other words, visual cohesion manifests as the very result of carefully executed 
cuts. As such, all pixilation changes between frames (including those between cuts) were 
measured and correlated, and correlations were averaged within bins, resulting in a possible 
range of values from -1 to 1, but an actual range of 0.66 to 0.999. 

  
Shot density was defined as the number of shot transitions (i.e., cuts, where one sequence 

of frames ends and another begins) within each 5-s bin. This number was determined by 
timestamping the first frame of every shot, and then manually summing the number of first 
frames in each bin, thus serving as an inverse proxy for shot duration. Lower values indicated 
fewer shots of longer duration, and higher values indicated more shots of shorter duration. 
Values ranged from 0 (containing part of a single long duration shot) to 7 (containing 6 shots and 
2 fragments of shots, where fragments are defined as partial shots occurring at the beginning and 
end of a bin).  

 
Shot scale was coded on a scale from 1-7, as depicted in Figure 1. Lower values 

indicated more distant shots (where the character’s face was relatively small within the frame), 
and higher values indicated closer shots (where the character’s face was relatively large within 
the frame). Given that the first few frames of a shot are occasionally blurred or the character’s 
face obstructed, we coded only the fifth frame of each shot, then averaged these values across all 
shots within each bin. The first author and a research assistant first coded Paperman together to 
ensure agreement on the implementation of the coding system, resulting in an inter-rater 
reliability of 94%. The remaining films were then split between coders.  

 
Sound amplitude captured the mean digital volume (including both non-diegetic and 

diegetic sound) in the .wav file associated with each movie. Amplitude values were linearly re-
scaled to range from 0 to 40 and were averaged within each 5-s bin. 

 
 



Emotion & movies  

 

8 

 
Fig 1: Shot scale coding chart. Adapted 
from Cutting and Armstrong (2016, Fig 1). 

 
Dependent Variables 
 

Subjective emotional tension was 
defined as the magnitude of any felt 
emotional reaction that viewers experienced 
in response to a movie. We captured this 
measure using a ThrustMaster USB Flight 
Stick. As this joystick is intended primarily 
for gaming, it is designed to register a high 
degree of mechanical precision, and it is 
built with an enlarged hand rest to ensure 
secure and comfortable movement. The 
joystick was connected via USB to a 
desktop computer enabled with LabVIEW 
software (National Instruments), which we 
programmed to record joystick displacement 
every 5 s with a 7-bit resolution.  

 
Objective emotional tension was captured via two physiological markers of emotion: 

heart rate and electrodermal activity (i.e., galvanic skin response, or GSR, which describes the 
variation in electrical conductance of skin tissue due to moisture resulting from sweat gland 
activity). Both heart rate and GSR are involuntarily activated and operate largely below the level 
of consciousness (for a review, see Keltner, Oatley, & Jenkins, 2013), rendering them good 
candidates for the objective measure of emotional tension. Furthermore, while GSR is largely 
indicative of sympathetic activity, heart rate (and heart rate variability, in particular) is more 
autonomically complex, reflecting parasympathetic activity to a greater extent than sympathetic 
activity (Berntson et al., 1997; Mendelowitz, 1999). As such, the two measures capture 
physiological change from different angles, but both are known to reflect autonomic activity 
across a broad range of emotional experiences. These measures generally increase with basic 
emotions such as anger, disgust, fear, happiness, and surprise, as well as more complex 
emotional states such as frustration and amusement (for reviews, see Bergstrom et al., 2014; 
Kreibig, 2010; Shu, et al., 2018). However, research linking physiological activity to sadness has 
yielded mixed results (e.g., Gross, Frederickson, & Levenson, 1994; Sternbach, 1962). 
Nonetheless, meta-analyses suggest a generalized activation of heart rate and electrodermal 
activity in response to emotionally-charged stimuli (Kreibig, 2010), where both measures reflect 
intensity, but not valence, of emotional arousal (Bergstrom, et al., 2014).  

 
It should be noted that, while heart rate is often utilized as a physiological measure of 

emotional arousal (particularly when capturing empathy; see Neumann & Westbury, 2011), 
some researchers suggest the use of heart rate variability as a more accurate (or additional) 
measure of emotional response (see Appelhans & Luecken, 2006; Brouwer et al., 2018). 
However, others question the validity of heart rate variability at milder levels of physiological 
arousal evoked by visual stimuli (Choi et al., 2017). Thus, given our analysis of the time course 
of emotional response, which involves a wide and dynamic range of emotional intensity, we 
chose to capture heart rate alone. 
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 Pulse rate was measured as a proxy for heart rate via a Contec pulse oximeter (model 
CMS50DA+), which attaches to an individual’s index finger. Accompanying software allowed 
for the real-time transmission of pulse rate data to a desktop computer via USB connection. Pulse 
rate was recorded once every second with a resolution of 1 bpm and an accuracy of ±2 bpm.  
 

GSR was measured via a NeuLog GSR sensor (model NUL217), consisting of two silver 
probes attached to Velcro straps that wrap around the base of the fingers. The easier the skin 
conducts an electrical current between the two probes, the greater the GSR reading, indicating 
greater emotional arousal. Accompanying software allowed for the real-time transmission of 
GSR data to a desktop computer via USB connection through a NeuLog USB module. We 
programmed the software to record GSR values once every second (the slowest sampling rate 
available). The data were recorded in arbitrary units within a 16-bit range.  

 
The analysis of these data comes with inherent difficulties due to the onset latency of 

physiological response systems (which typically ranges, in a positively skewed manner, from 1 
to 4 s). This latency is attributed to the time required for stimulus processing, automatic nervous 
system nerve conduction, and (in the case of GSR) penetration of sweat through the epidermis 
(see Benedek & Kaernbach, 2010; Glass et al., 1988). Similarly, one can expect a brief lag in 
subjective emotional response measures as individuals indicate their emotional state only after 
the stimulus has been processed. In this study, response lag is further complicated by the 
dynamic nature of film as a stimulus, with its multitude of continually fluctuating low-level 
variables. While not a perfect solution, we used a binning method in which the cinematic 
variables were averaged over 5-s intervals, allowing us to observe their cumulative effects on the 
three emotional response variables at the end of each interval (i.e., at a given point in time). 
Given the complications presented by potential lag (which is likely not uniform across or within 
variables), this approach enabled a more interpretable analysis of the data than a more granular 
dataset might allow. 

 
Participants and Procedures 
 

Across two phases of the study, 46 Cornell undergraduate students were recruited via an 
online platform to participate in a 45-min study in exchange for course credit. In the first phase, 
20 viewers watched Paperman and Stutterer, and in the second phase, 20 different viewers 
watched Borrowed Time and The Voorman Problem (both in counterbalanced order). The data 
for four additional viewers in the first phase and two additional viewers in the second phase were 
lost due to either their failure to follow instructions (i.e., moving the joystick in the wrong 
direction) or to equipment failure. Of the final 40 participants, 25 were female and 15 male, with 
a mean age of 19.3 years; 24 self-identified as White, 10 as Asian, 4 as Black, and 2 as Mixed 
Race. Twelve viewers had seen Paperman, eight had not; however, the time course of emotional 
response between the two groups was strongly correlated for all three measures: joystick 
movement (r = .80, p < .001), pulse rate (r = .79, p < .001), and GSR (r = .79, p < .001). For the 
purposes of this study, we chose not to analyze the differences between these two groups any 
further. No viewers had seen the other three movies. 
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Viewers participated individually. Before beginning the study, they were asked to remove 
all jewelry from their hands and to clean the fingers of their non-dominant hand with an alcohol 
wipe. They were instructed to attach the GSR sensor probes to the third (middle) and fourth 
(ring) fingers of their non-dominant hand by wrapping the Velcro straps snugly at the base of 
each finger. Then, they were asked to insert the second (index) finger of their non-dominant hand 
into the pulse oximeter. Once both devices were attached, they were instructed to place their 
hand in a relaxed position on the desk while avoiding pressure on the GSR sensor probes (as 
pressure from hard surfaces can disrupt readings; Bergstrom, et al., 2014).  

 
Next, viewers were told our definition of emotional tension—a broad state of felt 

emotional arousal, regardless of the category of emotion experienced—and instructed in joystick 
use. They kept their dominant hand resting on the joystick throughout the duration of each 
movie, and moved the joystick in the sagittal direction away from their body when they felt any 
degree of emotional tension. They were told that the central position of the joystick indicated a 
neutral emotional state, where the joystick had a mechanical trap (catch point), and that the 
distance they moved the joystick from the central position should correspond to the degree of 
emotional tension that they felt at any given moment. They were also instructed to move the 
joystick back toward the central position as their emotional tension dissipated. Viewers were 
instructed not to move the joystick in the coronal direction (side to side) or in the sagittal 
direction toward their body. They practiced the task while watching the trailer for The Light 
Between Oceans, which they listened to over the laptop’s internal speakers. Upon completion of 
the trailer, their data record was examined to confirm that they followed directions, and any 
deviations from the stated instructions were corrected at that time. The viewer then rested for a 
period of three minutes to allow their physiological measures to return to baseline. 

 
Next, viewers put on headphones in preparation for the first of their two stimulus movies. 

The pulse oximeter and GSR sensor were turned on, and the corresponding software programs 
were initiated. Given that LabVIEW recorded joystick data every 5 s, all programs and movies 
were started at exact 5-s intervals to allow for precise aligning of the data. Viewers then 
completed the viewing task for the first movie, and rested for three minutes before starting the 
task for the second movie. 

 
All methods, materials, and procedures described above were approved in advance by the 

Institutional Review Board for Human Participant Research at Cornell University. 
 

Data Analysis 
 

After participants completed the tasks, their data records were exported as Excel files and 
split by movie. The pulse rate and GSR files were modified to retain only the values that were 
recorded every 5 s following the start of each movie, and the data were trimmed to begin and end 
with the first and last shots of each movie (thereby removing data that mapped onto opening or 
closing credits). Values exceeding the maximum range for each emotion variable were excluded, 
and the data for all three variables were then normalized (via z-score transformation) within each 
viewer. Finally, the data files were amalgamated, and the six physical variables were added to 
the file (aligned by bin for each movie), resulting in twelve core variables: viewer, movie, bin, 
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joystick movement, pulse rate, GSR, clutter, luminance, motion, shot density, shot scale, and 
sound amplitude. Gender and race were added as additional variables.  

 
In our final dataset, Borrowed Time consisted of 68 bins, Paperman consisted of 77, 

Stutterer consisted of 148, and The Voorman Problem consisted of 134. Of the 8460 possible 
data entries across films and viewers, 49 joystick data points exceeding the maximum range (due 
to equipment malfunction) were excluded, and 9 pulse rate data points were missing (also due to 
equipment malfunction), but all GSR data points were recorded and retained. Initial analyses 
showed no effects of gender or race on any dependent variable, so neither was included in 
subsequent analyses. Additionally, given the potential for latency of emotional response as 
discussed above, we performed cross-correlations to detect any improvement in prediction by the 
independent variables at various lags of the dependent variables, and found none. 

 
We used multi-level regression modeling to assess the influence of each physical variable 

on both subjective and objective emotional tension. First, a single model was run for each 
emotion measure across each of the short movies, resulting in twelve distinct analyses. These are 
discussed in considerable detail in Armstrong (2020). This article focuses on omnibus analyses 
that assess the collective results across all four movies. For these purposes, we utilized linear 
mixed effects models, treating each emotion measure (joystick movement, pulse rate, and GSR) 
as a dependent variable, with viewers and movies (and the type of movie—animation or live 
action—nested within them) treated as random effects, and with clutter, luminance, motion, shot 
density, shot scale, and sound amplitude treated as fixed effects.  

 
 Given the large amount of data, the multiple comparisons, and our skepticism regarding 
small effects gleaned from large datasets, we adopted a strict alpha criterion (α = .0001), beyond 
what a Bonferroni correction might suggest. This criterion also limits discussion of significant 
results to those with effect sizes of d = .10 and larger.  
 

Results 
Emotional Synchrony 
 
 Consider first the time course of each emotion measure across each of the four movies. 
These are shown in the twelve panels of Figure 2. Darker lines represent the mean normalized 
trends, and the surrounding bands represent their 95% confidence intervals. The most striking 
feature of these panels is the consistently narrow confidence bands, which suggest a general 
synchrony of viewer responses within each of the three dependent variables within each movie. 
This concurrence also supports the efficacy of our measures of emotion. 
 
Joystick Movement  
 
 Subjective emotional tension was strongly influenced by the physical variables (Table 1). 
Five out of six predicted joystick movement; only clutter did not. In particular, joystick 
movement increased when the screen was darker, when motion was greater, when shot pacing 
was quicker, when characters were larger, and when sound was louder.  
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Fig. 2: Mean normalized responses across bins for joystick movement, GSR, and pulse rate. Dark 
lines indicate mean responses over time, and colored bands indicate 95% confidence intervals. 

 
Pulse Rate and GSR  
 

In stark contrast to the subjective emotion measure, the objective measures were not 
particularly well predicted by the physical variables (Table 1). Pulse rate was predicted by shot 
scale—the closer the shot, the slower the pulse rate; and by sound amplitude—the louder the 
volume, the higher the pulse rate. GSR was predicted by clutter, such that more clutter resulted 
in higher GSR readings. Overall, pulse rate and GSR were modestly correlated (r = .11, t(8516) 
= 3.13, p < .0001, d = .06), and neither predicted joystick movement (pulse rate, t(8516) = 0.69, 
p = .49, d = .01; GSR, t(8516) = 1.87, p = .06, d = .04), suggesting a dissociation between 
subjective and objective measures of emotional tension. 
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Table 1: Omnibus regression analyses on normalized data (collapsed across films).  
Asterisks denote significant predictors (α = .0001); post-hoc power (1-b) = 0.87. 

   
 

Discussion 
  
 While watching a movie, viewers are transported. They become immersed in a fictional 
world projected on screen (Gerrig, 1993; Green & Brock, 2002), and they feel very real emotions 
as the story unfolds before them. This process rests on the principles of narrative engagement 
(Busselle & Bilandzic, 2009). While previous research supports the role of low-level cinematic 
variables in driving the first two dimensions of narrative engagement—attentional focus (e.g., 
Carmi & Itti, 2006; Itti, 2005; Loschky et al., 2015; Mital et al., 2011) and narrative 
understanding (e.g., Cutting, Brunick, & Candan, 2012), the precise influence of these variables 
on the third dimension (emotional engagement) has largely been unknown. This study begins to 
fill that void by exploring the link between low-level film structure and emotional responses 
among viewers. 
 
 A number of findings emerged. First, the two objective measures of emotion were only 
weakly correlated, and neither predicted subjective emotional tension. The limited alignment 
between objective measures is to be expected, given the ways in which heart rate and 
electrodermal activity are differentially affected by the autonomic nervous system (ANS). Since  
GSR largely captures sympathetic activity while heart rate is more affected by the 
parasympathetic branch of the ANS (Berntson et al., 1997; Mendelowitz, 1999), in this context 
pulse rate may be more reflective of emotional states distinctly linked to dampened physiological 
arousal (e.g., empathy and tenderness; Gross, et al., 1994; Neumann & Westbury, 2011; 
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Sternbach, 1962). Decreased pulse rate may also be an artifact of increased attention (Porges & 
Raskin, 1969). In any case, it is important to bear in mind that heart rate in particular is a rough 
measure of autonomic activation that, when viewed in isolation, offers limited insight into the 
precise physiological underpinnings of cinematically-induced emotion. 
 
 Next, compared to the objective measures, subjective emotional tension was more 
sensitive to a wider range of low-level cinematic variables. From a psychological standpoint, the 
dissociation between subjective and objective variables is to be expected, given evidence 
surrounding the effects of emotion regulation strategies on subjective versus objective measures 
of emotion. Specifically, the subjective experience of emotion is known to be dampened by 
cognitive reappraisal mechanisms (Gross, 2002) which, consequently, may leave more room for 
the influence of low-level cinematic variables on subjective emotional response (as low-level 
variables are arguably less subject to reappraisal). On the other hand, physiological measures are 
unabated by reappraisal and can instead increase in magnitude during emotional suppression 
(Gross & Levenson, 1993). It follows that cognitive understanding of the artificiality of film may 
render the joystick measure more sensitive to low-level cinematic structure, while unconscious 
(i.e., physiological) measures are likely unaffected by such reappraisal, and therefore may be 
marked by competition between the narrative and structural elements of film.  
 

However, we put forth this interpretation with caution, as others have argued that humans 
treat fiction as real by default (Gerrig, 2003), and so cognitive reappraisal in the context of film 
(i.e., the “willing suspension of disbelief”) is not likely to be a frequent behavior among 
audiences. Indeed, filmmakers deliberately evoke conscious emotional reactions in viewers, 
presumably with the intention to influence their subjective experience and not their physiological 
activity per se. As such, the more robust effects observed for subjective emotional tension is 
unsurprising (and arguably more meaningful than the modest effects observed for the objective 
measures), but the mechanism underlying this dissociation in the context of film should be 
further examined. 

 
 Nonetheless, despite the discrepancy between emotion measures, both subjective and 
objective indices of emotional tension were remarkably synchronized across viewers. This 
synchrony adds an important piece to the body of research already established in this area: in 
addition to attentional synchrony (Smith & Henderson, 2008; Smith, 2012, 2013) and neural 
synchrony (Hasson, et al., 2010), we now have evidence that viewers’ physiological activity and 
their felt emotional states are nearly synchronized as well. 
 
 Finally, the low-level structure of film partially explains this synchrony (particularly in 
terms of subjective emotional tension). Given that six distinct cinematic variables each predicted 
emotional response among viewers, this work illuminates the prominent role that low-level 
cinematic structure plays in audience engagement. As such, these findings build upon the 
empirical bridge between psychology and film theory; for decades, film theorists have crafted 
compelling, yet often speculative, accounts of the emotional impact of the visuals of cinema. Our 
results suggest the success of such accounts, as detailed below. 
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Clutter 
 
 The effect of clutter on GSR maps onto the ways in which filmmakers manipulate mise-
en-scène—a term used in film theory to describe the visual theme of a story, as achieved 
primarily through set design and cinematography. Everything that appears before the camera (as 
well as their collective arrangement) drives the vision of a film by setting a particular mood and, 
critically, by suggesting a character’s state of mind (e.g., Barsam & Monahan, 2010). For 
instance, a scene staged in an outrageously messy bedroom might reveal a character’s mindset to 
be confused or incoherent, as if filming the character from the inside.5 Likewise, a scene in 
which a character moves through a vast pastoral landscape might imply a sense of freedom or 
abandon, thus communicating something vital about the character without the need for 
exposition. As such, shots that contain a high degree of clutter might implicitly communicate a 
sense of psychological mayhem, thus driving an increase in emotional tension among viewers as 
they process a character’s turmoil through her surroundings.  
 
Luminance 
 
 The negative relationship between luminance and subjective emotional tension attests to 
a long history of filmmakers harnessing the emotional impact of darkness. Most notably, a 
lighting technique known as chiaroscuro was popularized in cinema nearly a century ago. 
Chiaroscuro originated with Renaissance painting and describes the use of strong contrasts 
between light and dark on canvas, often to emphasize solidity of form (Hall, 1987). In 
cinematography, the term seamlessly translates to the contrast between light and dark on the 
movie screen, where filmmakers use light patterns to focus the viewer’s attention on certain 
features of a scene or portions of a character’s face, presumably creating suspense.6 Historically, 
this strategy was most prominent in the black-and-white films of German Expressionism and 
Hollywood Film Noir, but in contemporary film, its qualities are resurrected in the form of 
diminishing luminance: Hollywood movies have gradually grown darker over the past several 
decades (Cutting et al., 2011). By manipulating brightness in this manner, filmmakers appear to 
evoke the same emotional impact that is thought to have marked past film movements grounded 
in chiaroscuro—that is, by shrouding the screen in darkness, they implicitly create a mood of 
heightened tension.  
 
Motion 
 
 In the early twentieth century, Soviet filmmaker Sergei Eisenstein argued for the 
emotional impact of movement in film (for a review, see G. Smith, 2004). Today, filmmakers 
manipulate motion and change in a number of ways, and their effect on subjective emotional 
tension points to the power of these techniques to engage audiences. These techniques are 
exemplified in Stutterer, particularly during a sequence in which the main character anxiously 
meanders across town to meet his online love interest in person for the first time. This sequence 
consists of six jump cuts, and emotional tension was markedly elevated during this portion of the 
movie. One might argue that emotional response to this sequence is a result of the narrative 
content itself. While we concede that the narrative elements of film play a prominent role in 
emotional engagement, motion appears to drive emotional response in less evocative scenes as 
well. For instance, another tension-inducing scene in Stutterer is one in which the main character 
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internally speculates about the life of a stranger on a train. While this scene holds no particular 
narrative punch, it is shot using a handheld camera, which results in a “shaky” style of 
filmmaking, thus increasing motion. In film theory, this technique is thought to shrink the 
distance between a movie and its audience by conveying the impression of presence in cinematic 
action (see Pandža, 2018). Indeed, Heimann et al. (2019) found that, in comparison to a still or 
zooming camera, a moving camera modulates neural activity in sensorimotor areas of the brain, 
which in turn appears to foster stronger responses to emotional content (Dayan et al., 2018).  
 
Shot Density 
 
 The finding that quicker shot pacing predicted heightened emotional tension may seem 
counterintuitive, given that cuts between shots objectively disrupt the depiction of visual space 
(and consequently, might disrupt engagement with the narrative). However, over decades 
filmmakers have incrementally honed their craft to render cuts less detectable to the average 
viewer. They achieve this subtlety through a range of strategies, including match-action editing, 
in which movies jump from one shot of an action to a new shot of the same action from a 
different viewpoint (e.g., Shimamura et al., 2014; Smith, 2012; Smith & Henderson, 2008), and 
intensified continuity (Bordwell, 2002, 2006). Collectively, these strategies allow filmmakers to 
achieve an impression of continuity not in spite of the cut, but because of it. Thus, greater shot 
density, when shrewdly executed, should not disrupt cinematic engagement; rather, it should 
harness viewer attention to foster absorption in the narrative.  
 
 This strategy manifests most prominently in action movies, where large segments are 
composed of shots that are shorter in duration, tighter in scale, and higher in motion (Cutting, et 
al., 2010; Cutting, DeLong, & Brunick, 2011). Given that these patterns are amplified during the 
climax of a movie (Cutting, Brunick, & DeLong, 2011, 2012; Cutting, 2016a, 2016b), 
filmmakers appear to implicitly promote emotional engagement by applying a quicker editing 
pace to more suspenseful segments of the plot. A striking example is observed in Borrowed 
Time, where crosscutting is used to rapidly switch between two scenes: one in which the sheriff 
slowly approaches the edge of a cliff, and another that flashes back to capture the sheriff’s 
memory of a carriage accident in his childhood, which resulted in his father falling over the same 
cliff that he approaches in the present day. The increase in emotional tension that accompanies 
this segment further speaks to psychological concepts woven into film theory: by mimicking 
how the human mind oscillates between two different events, crosscutting lends a tangible 
quality to the phenomenon of memory as it is projected onto the cinema screen (Münsterberg, 
1916/1970), thus serving to absorb the viewer.7 
 
Shot Scale 
 
 Narrative transportation theory stipulates that, in order for transportation to fully occur, 
viewers must not only successfully interpret a given story, but they must also experience 
empathy for its characters (Green & Sestir, 2017). Film theorists have appealed to the embodied 
nature of emotion to explore empathic engagement in the context of film. Specifically, Coplan 
(2006) and Plantinga (2009) highlight the role of emotional contagion, which describes the 
tendency for humans to automatically mimic the facial gestures of another person, resulting in a 
convergence of affective experience between two individuals (Dimberg et al., 2000; Hatfield et 
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al., 1993). In support of this notion, Rooney and Bálint (2018) found that closer-scaled shots of 
an animated character prompted Theory of Mind when the facial expression was sad (but not 
when it was neutral), suggesting that closer shots might elicit empathic responses by directing 
viewer attention to the features of a character’s face that communicate emotional state. Our 
findings expand on these results by demonstrating that an increase in shot scale predicts an 
increase in felt emotional response as well. 
 
 However, in order for emotional contagion to occur, viewers must be able to access 
characters’ faces as they appear on screen. Given that the ideal shot scale for reading facial 
expressions is a medium close-up (Smith, 2012, 2013), closer shots may be detrimental to 
perceptual processing, either by obscuring certain areas of the character’s face or by forcing the 
viewer to saccade across the screen to process the constellation of facial features that make up an 
emotional expression. As such, close-up and extreme close-up shots might disrupt emotional 
engagement by presenting a challenge to facial expression processing, thus creating a 
nonlinearity of effect that may explain our discrepant findings for pulse rate and joystick 
movement. 
 
Sound Amplitude 
 
 While sound amplitude positively influenced both pulse rate and subjective emotional 
tension, the extent to which these effects can be attributed to diegetic sound (e.g., dialogue and 
sound effects) versus non-diegetic sound (e.g., music) cannot easily be parsed in this study. 
Furthermore, it is worth noting that the soundtracks to all four movies lacked music with 
vocalized lyrics (i.e., songs). Recent evidence suggests that humans decode music in much the 
same way that songbirds do, such that the left hemisphere of the brain processes the words of a 
song while the right hemisphere processes the melody (Albert et al., 1973; Albouy et al., 2020). 
These findings indicate that songs engage the brain in a way that is fundamentally different than 
speech or music alone, which may explain why songs are especially meaningful. Thus, future 
research should explore the differential effects of dialogue, sound effects, instrumental music, 
and songs on emotional tension among film viewers. 
 
 To conclude, filmmakers appear to align the audiovisual art of film with its narrative 
foundation (also see Cutting, 2016a), and the evidence presented here suggests that these 
strategies contribute substantively to emotional engagement. They are perhaps, then, not only 
filmmakers but also amateur psychologists, demonstrating an empirically supported 
understanding of how to exploit cinematography and editing in order to optimize emotional 
response among viewers. As such, this study offers support for the third dimension of Busselle 
and Bilandzic’s (2009) model of narrative engagement, purely from a perceptual perspective. 
The findings demonstrate that viewers’ emotional responses to film are not only synchronized, 
but that this synchrony is driven in part by the low-level structure of film. Thus, emotional 
engagement is not the sole province of the narrative—cinematically-induced emotion is 
verifiably steeped in sensory stimulation as well.  
 
 
 
 



Emotion & movies  

 

18 

Conclusion 
 

 Our foray into the influence of low-level film structure on cinematic engagement is not 
without precedent. Over a century ago psychologist Hugo Münsterberg (1916/1970) declared 
that the visual structure of film mimics how the mind is engineered to attend to stimuli in the 
external environment. Today, a body of empirical evidence exists in retrospective support of 
Münsterberg’s position, revealing the ways in which film capitalizes on human perceptual 
processes to foster several aspects of narrative engagement, including attentional focus, narrative 
understanding, and now, emotional engagement. 
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