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Filmmakers and editors have empirically developed techniques to ensure the spatiotemporal continuity of a film's
narration. In terms of time, editing techniques (e.g., elliptical, overlapping, or cut minimization) allow for the
manipulation of the perceived duration of events as they unfold on screen. More specifically, a scene can be
edited to be time compressed, expanded, or real-time in terms of its perceived duration. Despite the consistent
application of these techniques in filmmaking, their perceptual outcomes have not been experimentally vali-
dated. Given that viewing a film is experienced as a precise simulation of the physical world, the use of cinematic
material to examine aspects of time perception allows for experimentation with high ecological validity, while
filmmakers gain more insight on how empirically developed techniques influence viewers' time percept. Here, we
investigated how such time manipulation techniques of an action affect a scene's perceived duration. Specifically,
we presented videos depicting different actions (e.g., a woman talking on the phone), edited according to the
techniques applied for temporal manipulation and asked participants to make verbal estimations of the presented
scenes' perceived durations. Analysis of data revealed that the duration of expanded scenes was significantly
overestimated as compared to that of compressed and real-time scenes, as was the duration of real-time scenes as
compared to that of compressed scenes. Therefore, our results validate the empirical techniques applied for the
modulation of a scene's perceived duration. We also found interactions on time estimates of scene type and
editing technique as a function of the characteristics and the action of the scene presented. Thus, these findings
add to the discussion that the content and characteristics of a scene, along with the editing technique applied, can
also modulate perceived duration. Our findings are discussed by considering current timing frameworks, as well
as attentional saliency algorithms measuring the visual saliency of the presented stimuli.

1. Historical evolution of editing in film

Since the release of the first film around the end of the 19th century,
cinematography has evolved and is currently considered one of the most
significant forms of art and entertainment (Shimamura, 2013). This has
partially been accomplished by successfully engaging the viewer in a
virtual world that simulates our physical world (Brunick et al., 2013) in
terms of the spatial and temporal continuity of events (e.g., Berliner &
Cohen, 2011; Bordwell & Thompson, 2012), the unfolding of a dynamic
optical flow (e.g., Gibson, 1979; Tan, 2018), or the segmentation of
discrete events (i.e., viewers tendency to perceive boundaries when
changes in the perceptual or conceptual features of the observed event

occur; e.g., Kurby & Zacks, 2008; Magliano et al., 2001; Magliano &
Zacks, 2011). Such simulations are possible due to the development of
editing techniques, such as continuity editing, ensuring the smooth
transition between shots by minimizing cut detection (i.e., the transition
point between consecutive shots), thus inducing a sense of spatiotem-
poral continuity of a film's narrative to the viewer (Bordwell, 1985;
Bordwell & Thompson, 2012; Cutting, 2005; Cutting and Candan, 2013;
Shimamura, 2013; Smith, 2012). These techniques have mainly been
developed through trial and error (Berliner & Cohen, 2011; Shimamura,
2013) and their continuous use led to their eventual establishment as
means to guarantee that the viewer's sense of continuity is not disrupted.

* Corresponding author at: Department of Psychology, Panteion University of Social and Political Sciences, Leof. Syggrou Avenue 136, 176 71 Athens, Greece.

E-mail address: argiro.vatakis@gmail.com (A. Vatakis).

https://doi.org/10.1016/j.actpsy.2024.104206

Received 3 August 2023; Received in revised form 6 February 2024; Accepted 5 March 2024

Available online 10 March 2024

0001-6918/© 2024 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-

nc/4.0/).


mailto:argiro.vatakis@gmail.com
www.sciencedirect.com/science/journal/00016918
https://www.elsevier.com/locate/actpsy
https://doi.org/10.1016/j.actpsy.2024.104206
https://doi.org/10.1016/j.actpsy.2024.104206
https://doi.org/10.1016/j.actpsy.2024.104206
http://crossmark.crossref.org/dialog/?doi=10.1016/j.actpsy.2024.104206&domain=pdf
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

L. Liapi et al.
1.1. Editing techniques that affect a scene's perceived duration

The use of editing techniques has also been applied empirically in the
filmmaker's attempts to manipulate timing, a particularly challenging
task as a movie's physical duration (i.e., screen time or the time it takes
to watch the movie) is not identical to its narrative duration. To deal
with such time constraints, filmmakers utilize techniques that attempt to
manipulate the perceived duration of a scene. Thus, elliptical editing (i.
e., parts of an action are omitted but implied and shots are carefully
linked together for action continuity) has been used for the compression
of an action's duration (Media College, n.d.; Bordwell & Thompson,
2012; Mariani, 2018; Sieghartsleitner, 2018), while for the opposite
effect (i.e., expansion of an action's duration), overlapping editing (i.e.,
parts of an action are repeatedly presented through consecutive shots,
possibly from different angles) has been utilized (Media College, n.d;
Mariani, 2018; Reisz & Millar, 2010; Sieghartsleitner, 2018). Note that,
depending on the medium, other editing techniques may be utilized. For
instance, in music video clips or documentaries, a scene's duration may
be compressed through the use of: a) time lapse (or fast motion), where
time is compressed simply by speeding up the presented shot, b) tran-
sitions such as the fading out of one shot and into the next shot, or c)
time remapping, where the speed of a segment varies between different
shots (Media College, n.d.; Lindblom, 2015). Accordingly, expansion of
a scene's duration can be accomplished by using slow motion, where
timing is expanded by slowing down the speed of the presented action or
through time remapping (Media College, n.d.; Lindblom, 2015). Cut
minimization or long-takes, consisting of a single shot, serve to create a
real-time experience to the viewer and allow the depiction of an action's
duration as it would last in the physical world (Media College, n.d.;
Ghosh, 2022). Proper use of such techniques can lead to a fast- or slow-
paced movie segment that adds on to the narrative of the film and the
goals of the filmmaker to induce a particular viewer state. However,
even though these techniques have been systematically utilized in
filmmaking, no study to date -according to our knowledge- has exam-
ined their perceptual validity, meaning it is still unknown whether this
expansion or compression of a scene's timing is actually what the par-
ticipants perceive or experience.

The use of scenes, movie segments or entire films to investigate as-
pects of time perception (or other cognitive functions) is valuable as
such stimulation offers high levels of naturalism and complexity, thus
facilitating the conduct of ecologically valid experiments with findings
that can be easily generalized in real world settings. Moreover, the use of
established editing techniques allows researchers to conduct easy to
reproduce experiments (given that sufficient documentation of how the
stimulation was recorded and edited is provided), thus, enhancing
reliability of their findings. At the same time, the nature of cinematic
stimuli allows the investigation of other low-level factors that affect
duration perception, such as motion, shot length, or stimulus speed,
without restricting experimenters to the use of simple stimulation, rarely
met outside the settings of a laboratory. From a filmmaker's perspective,
studies in this field can offer valuable insight on how various aspects of
filmmaking affect viewers' sense of time and promote the creation of
novel, experimental editing techniques.

1.2. Models of time perception

As we aim to investigate the potential effects of editing on the
perceived duration of a scene, it is important to consider the potential
predictions of the psychological models of time perception (it should be
noted that we are focusing on timing at the level of a short scene and not
a whole movie, large movie segments, or movie narrative, as this would
be beyond the scope of the present study). Information processing
models of timing support the existence of an internal clock that is based
on a three-stage process: an accumulator that collects pulses emitted at a
constant rate (i.e., pacemaker), a working memory component that
encodes the specific time interval presented, and a decision-making
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component, where the ongoing pulses are compared to the reference
memory for response selection (e.g., Gibbon et al., 1984; Treisman,
1963).

1.3. Attentional gate model of time perception

If the editing techniques for expansion, compression or real-time
presentation of an action do in fact influence perceived time, we aim
to examine whether this influence would be in line with the predictions
of the Attentional Gate Model (AGM). The AGM posits that timing is
affected by attentional allocation with resources devoted to temporal
processing having an inverse relationship to the attentional demands of
non-temporal processing (e.g., Block & Zakay, 1997; Zakay & Block,
1997). Thus, timing judgements for the editing techniques utilized here
(i.e., elliptical editing, overlapping editing, and minimization of cuts to
create perceptually compressed, expanded, and real-time scenes,
respectively) can be defined by the main differentiating factor of these
techniques. Given that cuts within a scene are not cues of temporal
nature, based on AGM we assume that a higher number of cuts would
result in a higher level of processing of non-temporal information. At the
same time for scenes with fewer cuts, the attentional resources previ-
ously allocated to the processing of cuts (i.e., a non-temporal element)
would now be available for the processing of a scene's temporal ele-
ments. Therefore, by placing the number of cuts as the key differenti-
ating factor between the three editing techniques, we would expect that
in the case of time expansion, viewers will have to process more non-
temporal information as compared to the compressed and real-time
scenes, thus resulting in fewer attentional resources devoted to the
temporal processing of the attended interval. This, in turn, will result to
a lower pulse accumulation, expressed by an underestimation for the
expanded as compared to the compressed and real-time scenes, a pre-
diction opposite to the filmmakers' intentions. The model's predictions
also suggest an overestimation of real-time as compared to compressed
scenes, given that fewer cuts are included in the former scenes and, thus,
more attentional resources would be available for temporal information
processing.

1.4. Change model of time perception

Stimulus speed has also been reported as a factor modulating an
interval's perceived duration (e.g., Kaneko & Murakami, 2009; Makin
et al., 2012; Sgouramani & Vatakis, 2014). Following the internal clock
framework, stimulus speed is directly related to the accumulation of
pulses by the pacemaker. More specifically, the presentation of a fast-
moving stimulus leads to an acceleration of the pacemaker's firing
rate, resulting in turn to a higher pulse accumulation and, therefore, an
overestimation of the attended interval (e.g., Kaneko & Murakami,
2009; Makin et al., 2012; Matthews, 2011; Sgouramani & Vatakis,
2014). An alternative to this account, known as the change model,
places change as the index of time passage, and thus, the number of
changes as a determining factor of an interval's perceived duration, with
a higher number of changes resulting in a perceptual expansion of the
attended interval's duration (Poynter & Homa, 1983). By taking into
account the change model in regard to the effect of stimulus speed in
time perception, fast moving stimuli are assumed to contain a higher
number of changes, which, in turn, leads to a perceived lengthening of
the elapsed time as compared to slow moving stimuli (e.g., Brown, 1995;
but see Sgouramani & Vatakis, 2014, for an examination of the effect of
stimulus speed to time perception, while controlling for stimulus
changes).

In terms of the editing techniques discussed in the present paper,
according to the change model, judging an interval's duration is based
on the ability to remember the sequence of events of a presented action
and the ability to infer the duration of these sub-events (Block, 1982;
Block & Reed, 1978; Fraisse, 1963; Poynter, 1983; Poynter, 1989;
Poynter & Homa, 1983). The approach of the change model for
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prospective temporal estimation provides an alternative account of the
potential effects of editing on the perceived duration of a scene. As
stated by Poynter (1989), this model also considers the degree of
contextual change between the sub-events that comprise an action (with
a higher degree of change leading to a more evident effect of the number
of changes on duration estimation), as well as the organization of these
sub-events (with easily remembered sequences having a more evident
effect on duration estimation). This model, therefore, predicts that
editing techniques that require a higher number of cuts (i.e., changes)
will result in the overestimation of the given scene's duration. Such
prediction will point to an overestimation of the expanded scenes (with
the highest number of cuts) as compared to the real-time (with the
lowest number of cuts) and compressed scenes, but at the same time, the
compressed scenes will be overestimated as compared to the real-time
scenes, which is opposite to the expected result. Thus, it seems that
based on the current models of timing, it is not easy to fully account for
the expected outcome when editing a film.

One point, however, that we have not yet considered is the failure to
actually detect a scene's edit. Studies have supported that participants
cannot detect cuts in scenes that follow the continuity editing rules
(even when they were explicitly asked to do just that) and further
research has verified that adherence to these rules makes the viewers
unaware of any cuts present in a scene (i.e., a phenomenon known as
‘edit blindness’; e.g., d’Ydewalle & Vanderbeeken, 1990; Smith &
Henderson, 2008). Such findings argue that scene editing is not expected
to disrupt attention given that continuity editing rules are followed and
that changes from one shot to the next will go undetected. Thus, there
will be no need to allocate our attentional resources to non-temporal
tasks and the number of changes present will not affect our timing
judgements. Finally, it is worth noting that even when continuity editing
rules are violated, viewers' attention is not disrupted as long as narrative
continuity is preserved (e.g., Germeys & d'Ydewalle, 2007).

1.5. The present study

Here, we examined whether the compressed, expanded, and real-
time editing techniques used in filmmaking led to differences in
viewers' duration judgements and if so, whether these differences would
reflect a compression, expansion, or sustention of a scene's perceived
duration, respectively. Five short action events were recorded and edi-
ted following the continuity editing rules and the corresponding tech-
niques for temporal manipulation (i.e., compressed-, expanded-, and
real-time presentation). More specifically, the compressed versions of
each action were created utilizing elliptical editing, where parts of the
action were not depicted but implied, the expanded versions of each
action were created through overlapping editing, where consecutive
shots from different angles depicted repetitive parts of the action, and
the real-time versions of each action, where cuts were minimized, with a
single cut in the depicted action. Participants viewed these shots and
were asked to verbally estimate each scene's duration (Penton-Voak
etal., 1996). We expected that adherence to the continuity rules and edit
blindness would eliminate the potential effects of attention disruption.
On the basis that elliptical editing is used to compress an action (Bord-
well & Thompson, 2012; Sieghartsleitner, 2018), real-time editing is
used to present an action as it lasts in the physical world (Ghosh, 2022),
and overlapping editing is used to expand an action's duration (Bordwell
& Thompson, 2012). We aimed to examine whether expanded-time
scenes would be overestimated as compared to compressed-time
scenes, and whether real-time scenes would be overestimated as
compared to compressed-time scenes. At the same time, we explored
whether event type (i.e., different actions depicted in the five scenes
used; see Methods) would have a differential effect on participants'
duration estimates. We also utilized computational attentional models
for visual saliency estimation of the stimuli we utilized (see below).
More specifically, these signal analysis algorithms allowed the compu-
tation of a temporal curve indicating the visual saliency of the presented,
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dynamic stimuli as they unfolded. This, in turn, allowed for the detec-
tion of any potential attentional shifts due to the cuts, thus, addressing
potential attentional resource expenditure to nontemporal information.

1.6. Methods

1.6.1. Participants

67 participants (48 female), aged between 18 and 39 years (Mean
age = 27.03 years) took part in the experiment, as duration estimation at
an interval level remains stable throughout this age range within
adulthood (e.g., Beck, 1988; Espinosa-Fernandez et al., 2003; Hancock
& Rausch, 2010). All of them were naive as to the purpose of the study
and had self-reported normal hearing and normal or corrected-to-
normal vision.

G* power (Faul et al., 2007; Faul et al., 2009) was used to perform an
a priori power analysis for a repeated measures within factors analysis of
variance (ANOVA) comparing time estimations between the three
editing types used in the present study (compressed-, expanded-, and
real-time). The effect size for this analysis was estimated based on
Cohen's (1988) guidelines. This indicated that the best estimate of the
editing type standardized mean difference was f = 0.20 meaning that
compressed-scenes will be (on average) underestimated as compared to
expanded- and real-time scenes and real-time scenes will be (on average)
underestimated as compared to expanded-time scenes. This effect size
was, therefore, used for the power analysis with the following input
parameters: o (two-sided) = 0.05, power = 0.95, correlation among
repeated measures = 1:2, non-sphericity correction ¢ = 1. The power
analysis results suggested that N = 66 are required in this study to detect
a difference between the editing types with 95 % probability.

Participants were recruited through advertisements posted online or
printed and placed around the university campus. Students received
extra course credit for their participation, while other volunteers took
part after receiving a verbal description of the task in prior. The
experiment was performed in accordance with the ethical standards laid
down in the 2013 Declaration of Helsinki and according to the pro-
visions of Greek law (4521/2018) given that the Ethics Committee at
Panteion University of Social and Political Sciences came into force on
28 July 2021. Verbal informed consent was obtained from all
participants.

1.6.2. Stimuli and apparatus

Five different events depicting everyday activities were recorded by
a professional film director using a Nikon Digital SLR Camera D5100. A
single camera was utilized for video recording with the attempt to create
various takes of as similar as possible events/performances. Each of the
five scenes depicted one of the following events: (a) a seated man
lighting and smoking a cigarette (Cigarette scene), (b) a woman entering
the living room, calling someone on the phone, and leaving the room
(Phone scene), (c) a woman descending some stairs, opening the front
door, and leaving the house (Stairs scene), (d) a woman making tea and
drinking it (Tea scene), and (e) a woman placing paper in the typewriter
and typing (Typewriter scene). These events were selected as they
represent simple everyday life activities, familiar to most participants.
Each event was recorded from multiple angles to collect the editing
material necessary for the creation of the final scenes.

Each event was edited using the match-on-action editing technique,
whereby a central action is presented from different views with
consecutive shots as the action unfolds (Shimamura, 2013; Smith &
Henderson, 2008). This is done by segmenting each action into shots
presented consecutively with cuts interfering between them (for visu-
alization purposes, an example of this technique within a scene could
consist of a first shot depicting a woman walking towards a car, the next
shot showing the woman in the driver's seat shutting the door, and a
third shot with the woman driving on a highway, listening to music). All
cuts were performed in accordance with the principles and key tech-
niques used in continuity editing. At the end of the editing process, a
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professional editor reviewed and approved the editing of the five scenes.
Each of the five match-on-action scenes (depicting the activities
described above) was edited using elliptical, overlapping, and minimal
editing to create compressed-, expanded-, and real-time scenes, respec-
tively (see Fig. 1). For each event, the compressed-time version con-
tained three cuts (i.e., the scenes were composed of four shots), the
expanded-time version contained five cuts (i.e., the scenes were
composed of six shots), and the real-time version contained a single cut
(i.e., the scenes were composed of two shots). For each event, the first
and last shots between the three timing versions (i.e., compressed,
expanded, and real-time) were identical, so that editing would be
applied only in between shots and not in the beginning or the end of each
scene. The scenes are available here https://osf.io/8jxfy/.

The editing required for time manipulation and the different number
of cuts for every event version (i.e., cuts of 3, 5, and 1 for compressed,
expanded, and real-time versions, respectively) resulted in physical
duration differences within a specific event, thus, static parts of the
dynamic scene or -when not possible- static frames were added at the
beginning and the end of each event across conditions so as to have
stimuli of equal duration for the three editing techniques applied to each
event' (e.g., Sgouramani et al., 2020; Sgouramani & Vatakis, 2014).
When static frames were needed, these were extracted from the first and
last frames of each video stimulus using Adobe Premiere Pro CS6. The
final durations for the Cigarette, Phone, Tea, Stairs, and Typewriting
scenes were 22, 25, 26, 16, and 16 s, respectively. The auditory stream
was removed from all video clips. The stimuli (720 x 480) were pre-
sented on a black background on a Toshiba laptop. The experiment was
performed using Presentation (Version 18.1, Neurobehavioral systems,
Inc.). Participants responded using a standard laptop keyboard.

1.6.3. Procedure

Participants were seated approximately 60 cm from the monitor in a
quiet, dimly lit room without the presence of external distractions, as
they performed a verbal estimation task’. A short practice block was
performed prior to the beginning of the main experiment to familiarize
participants with the experimental procedure. Participants were
instructed to carefully observe the presented actions throughout the
entire experimental procedure. They were also informed that after each
video's presentation, they would be asked to estimate its duration. They
were asked to make estimations that would reflect each video's duration,
not that of the depicted action in each trial, as we were interested in
examining duration perception at the level of a scene instead of focusing
on the perceived duration of a specific action. They were also instructed
to avoid the use of any counting or other time-keeping strategies. At the
beginning of each block the instruction “How long did the video last?
Choose a time interval between x and y seconds” appeared, where “x and
y” corresponded to a range of time and participants had to provide an
estimate between the two values. After the presentation of each video,
participants were asked to type the perceived duration. The task was
self-paced, and participants had to provide a response to proceed to the

1 Time perception is critical for various aspects of behaviour depending on an
event's duration (Rhodes, 2018). Scales of time are divided in the millisecond
range, the interval range (from seconds to minutes), and the circadian rhythm
(a 24-h light/dark cycle). Even though the stimuli utilized in the present study
are within the same range (i.e., interval range), potential differences in atten-
tional allocation or any other confounding variables are avoided by using
stimuli of equal duration between the three editing techniques applied here.

2 Verbal estimation was preferred among other time estimation tasks (e.g.,
production, reproduction, bisection) given the long durations of the stimuli
presented. The disadvantages of this task are the potential “wild estimates” (i.e.,
participants can sometimes give extremely strange estimates of duration) and
quantization (i.e., participants' tendency to round up or down their responses;
Wearden, 2015). However, introducing ranges of time intervals that a partici-
pant can select from can eliminate the potential disadvantages of this method
(Wearden, 2015).
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next trial.

The experimental conditions were 15 in total (i.e., 3 temporal
manipulation techniques for compression-, expansion-, and real-time
presentation for each of the following scenes: Cigarette, Phone, Tea,
Stairs, and Typewriter) with 5 randomized repetitions for each condi-
tion. The scenes were presented in two different blocks, with random-
ized order of stimulus presentation within each block and randomized
block presentation. The events were paired based on their durations
with the Cigarette, Phone, and Tea scenes composing one block with a
response interval range of 15 to 35 s and the Stairs and Type scenes
composing another block with a response interval range of 5 to 25 s. The
duration of the experiment was approximately 40 min, and participants
were allowed to take a break halfway through the experiment.

1.6.4. Visual signal saliency calculation

Bottom-up attention or saliency is based on the sensory cues of a
stimulus captured by its signal-level properties (such as spatial, tem-
poral, and spectral contrast, complexity, scale etc.). Like competitive
selection, saliency can be attributed to the feature, the stream, or the
modality level. Based on perceptual and computational attention
modelling studies, efficient bottom-up models and signal analysis algo-
rithms have been developed by Evangelopoulos et al. (2008, 2013) and
Koutras et al. (2015) to measure the saliencies of both the auditory and
visual streams in audiovisual videos of complex stimuli such as movie
video clips. These saliencies can be integrated into a multimodal
attention curve, in which the presence of salient events is signified by
geometrical features such as local extrema and sharp transition points.

In the present study, we used the algorithms developed by Koutras
et al. (2015) to compute a temporal curve indicating the saliency of the
visual stream for the stimuli presented (see Fig. 2). For visual saliency
estimation, an energy-based spatio-temporal model is used, based on the
Itti et al. (1998) model (Koch & Ullman, 1985), which is more relevant
to the cognition-inspired saliency methods. It uses biologically plausible
spatio-temporal filters, like oriented 3D (space and time) Gabor filters
(3D Gabor filters are often used in video processing to extract and
analyze certain features of a dynamic frame sequence over space and
time, such as motion and/or edge detection, object tracking or action
recognition; Ray & Chakraborty, 2019) in order to extract visual features
computed through a feature competition scheme, which is motivated by
the experimental evidence of a biological counterpart in the human vi-
sual system (interaction/competition among the different visual path-
ways related to motion/depth and gestalt/depth/color, respectively;
Kandel et al., 2000). In the first phase the initial color video is split into
two streams: luminance and color contrast. Then follows the core stage
of our perception-inspired computational model for visual saliency
(Koutras & Maragos, 2015), which is applied both on luminance and
color contrast channels. This process can be divided into three individ-
ual steps. The first step consists of the Spatio-Temporal Gabor filtering
(Heeger, 1987; Koutras & Maragos, 2015), while the others include post-
processing procedures like energy computation and dominant energy
selection applied on the resulting energy volumes (with time being the
third dimension). In this way, our approach achieves the detection of
both the fastest changes in the video stimuli (e.g., flicker), as well as the
slowest and more complex motion changes related with action events. In
the last stage, the produced energy maps can be mapped to a 1D map
giving time-varying attention curves. We employed a simple 3D to 1D
mapping by taking the mean value for each 2D frame slice of each 3D
energy volume.

Visual inspection of the saliency temporal curves of the visual stimuli
presented shows that attention should be captured at various points of
each video clip without, however, any specific direction (see Fig. 2).
That is, the saliency points do not seem to be affected by the timing of
the cuts in each video clip nor do they show some pattern that might
explain the obtained behavioral results. The Cigarette and Tea scenes
seem to have the most saliency points, while the Phone, Stairs, and
Typewriter scenes the least. There are no major visible saliency
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Fig. 1. Static frames extracted sequentially from the videos utilized as stimuli in our experiment. Every depicted frame was the first frame of the respective shot in
each scene. Videos A (Cigarette), B (Phone), C (Stairs), D (Tea), and E (Typewriter) depict the events in their Compressed-, Expanded-, and Real-time versions,
respectively.
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Fig. 2. Visual attentional curves indicating the saliency of the visual stream at each level of editing time (horizontally) and event type (vertically). The value at each
time point reflects the overall saliency of the corresponding video frame, as derived by three feature cues: intensity, color, and motion.

differences between the compressed-, expanded-, and real-time edits of

1.7. Results

each scene. The model might provide the saliency points given the low-

level features of each clip but cannot tell us how long or how strongly
each point captures our attention away from timing. Overall, therefore,
low-level saliency does not seem to account for any potential differences

in time estimation.

The experiment conducted in the present study, aimed to primarily
investigate the effect of editing on participants' duration estimation. In
this section, the main results of the collected data in our study are pre-

sented, focusing on participants' relative estimations of time and coef-
ficient of variation (CV). We first obtained and averaged data from each
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participant separately across experimental conditions. Based on the
average scores obtained in each experimental condition for each
participant, we analyzed participants' relative estimated time scores and
the CV to examine whether the perceived duration of the depicted events
would be manipulated as a function of the Edit Type (compressed-,
expanded-, and real-time editing). Relative estimated time was calcu-
lated by dividing the estimated time by the original duration of the
presented video clip in each condition. This measure reflects how close
participants' responses were to the physical duration of each video,
demonstrating whether participants had under- or overestimated the
duration of the presented video in each condition. The CV values were
calculated by dividing the standard deviation by the mean duration
judgement. This measure reflects the levels of variability in participants'
responses in each condition with higher CV values indicating greater
response variability. Repeated measures ANOVA were performed with
Edit Type (compressed-, expanded-, and real-time) and Event Type
(Cigarette, Phone, Stairs, Tea, and Typewriter scenes) as the within-
participant factors. Event Type was included in both analyses to
explore whether the effect of editing would change depending on the
depiction of videos showing different everyday life activities.
Bonferroni-corrected t-tests (where p < 0.05 prior to correction) were
used for all post hoc comparisons.

1.7.1. Relative estimated time

The analysis of participants' relative estimated time scores revealed a
significant main effect of Edit Type [F(2,132) = 25.870, p < 0.001, 1]2 =
0.282], with the duration estimates for the expanded-time scenes being
significantly higher (M = 0.930) than those for the compressed- and
real-time scenes (M = 0.878 and 0.901, respectively), and the duration
estimates for the real-time scenes were higher than those for the
compressed-time scenes’ (see Fig. 3). A significant main effect of Event
Type was also revealed [F(4,264) =10.210, p < 0.001, nz =0.134], with
higher duration estimates for the Cigarette scene (M = 0.959) as
compared to all other scenes presented (M = 0.922, 0.892, 0.875, and
0.866 for the Phone, Stairs, Tea, and Typewriter scenes, respectively)
and for the Phone scene as compared to the Tea scene.

A significant interaction between Edit Type and Event Type [F
(8,528) = 10.098, p < 0.001, nz = 0.133] was also obtained. The
duration of the compressed-time versions of the Cigarette, Stairs, Tea,
and Typewriter scenes (M = 0.921, 0.850, 0.863, and 0.838, respec-
tively) was underestimated as compared to their respective expanded-
time versions (M = 0.978, 0.917, 0.898, and 0.926, respectively).
Also, the compressed-time versions of the Cigarette and Stairs scenes
were underestimated as compared to their real-time versions (M = 0.978
and 0.909, respectively), while the expanded-time versions of the Tea
and Typewriter scenes were overestimated as compared to their real-
time versions (M = 0.865 and 0.834, respectively; see Fig. 4).

1.7.2. Coefficient of variation
The analysis of the CV values revealed a main effect of Event Type [F

3 As the inclusion of Event Type as a variable in our analyses was exploratory,
and the main scope of this study was to examine whether the application of
different editing techniques affected perceived duration, a complementary
mixed model analysis was conducted with relative estimated time as the
dependent variable and Edit Type as a fixed effects variable. In this analysis,
participants and Event Type were treated as random effects. This analysis was
conducted to account for variation across different levels of the Event Type
variable. A significant main effect of Edit Type was obtained [F(2, 871) =
27.981, p < 0.001], with relative time estimation being significantly higher for
expanded-, as compared to compressed- and real-time scenes (M = 0.940,
0.889, and 0.912, respectively), and for real-time as compared to compressed-
time, indicating that participants overestimated expanded as compared to
compressed and real-time scenes, and real-time as compared to compressed
scenes. No other effects were found. The effect of Edit Type is, thus, also evident
with the use of this analysis, in line with the findings reported in the Results.
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(4,264) = 5.669, p < 0.001, n2 = 0.079], with higher response vari-
ability for the Stairs and Typewriter scenes (M = 0.138 and 0.136,
respectively) as compared to the Phone scene (M = 0.1180). There was
no effect of Edit Type [F(2,132) = 0.714, p = 0.492, n2 =0.011] and no
interaction between Event Type and Edit Type [F(8,528) = 1.541,p =
0.140, n2 = 0.023] was obtained (see Fig. 5).

Overall, we found that both Edit Type and Event Type had a signif-
icant main effect on participants' duration judgements, while a signifi-
cant interaction between the two factors was also obtained. Moreover, a
significant main effect of Event Type on participant’ CV values was
obtained, whereas the visual signal saliency analysis suggested that
there were no differences in the low-level features between compressed-,
expanded- and real-time scenes.

2. General discussion

In the present study, we investigated the perceptual outcome of the
compressed, expanded, and real-time editing techniques in a scene's
perceived duration. Despite their consistent use, this is one of the first
studies (to our knowledge) to examine the temporal perceptual out-
comes of this set of editing techniques. Overall, we found that partici-
pants overestimated the expanded-time versions of the presented scenes
as compared to the corresponding compressed-time scenes (except for
the Phone scene, where the pattern was there but it did not reach sig-
nificance) and the compressed scenes were underestimated as compared
to those of real-time scenes, but only for the Cigarette and Stairs scenes.
Thus, each technique's effect was in line with its predicted outcome with
some inconsistencies noted as a function of Event Type.

Examination of the data and the predictions made based on the
models of timing do not show perfect alignment, suggesting that the
number of cuts was not the key factor influencing participants' perceived
duration of a scene. Considering our data in terms of the AGM (Block &
Zakay, 1997; Zakay & Block, 1997) as a function of the number of cuts
presented in a scene (i.e., more processing resources allocated to non-
temporal than to temporal information), we would expect expanded-
time scenes to be underestimated as compared to the compressed- and
real-time scenes, while compressed-time scenes would be under-
estimated as compared to real-time scenes. Even though a single task
was employed in the present study, participants were asked to pay
attention to the presented actions, while also keeping track of time as
duration estimations of each video had to be provided. Therefore, the
AGM and its predictions have been considered here as participants had
to attend both to temporal (i.e., duration) and to non-temporal aspects
(i.e., content) of each scene. Our findings only partially verified these
predictions with the compressed-time Cigarette and Stairs scenes being
underestimated as compared to their respective real-time scenes (the
rest of the scenes showed no statistical difference in compressed- vs.
real-time scenes), while the prediction that expanded-time scenes would
be underestimated as compared to compressed-time scenes was not
found. Similarly, the change model of duration estimation (Poynter &
Homa, 1983) only partially accounts for our findings in terms of the
overestimation obtained for the expanded- as compared to the
compressed-time scenes, with 5 versus 3 cuts, respectively, indicating
that a higher number of changes (i.e., cuts) led to an expansion of the
perceived duration. However, the overestimation of real- as compared to
compressed-time scenes (with 1 versus 3 cuts, respectively) cannot be
accounted for. The misalignment of the data with the model's pre-
dictions validates in a way that the number of cuts or their contextual
saliency was not the key determining factor for estimating time in our
experiment. This notion is also supported by the visual inspection of the
attentional saliency computational analysis that did not indicate any
specific patterns based on editing or any sharp transition points or local
extrema around the timepoint of a cut. This analysis, therefore, indicates
that our findings should not be attributed to the number of changes
included in the presented scenes or any attentional factors related to
them. This agrees with previous research that refers to the “blindness” of
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viewers to cuts in a given scene (e.g., Smith & Henderson, 2008).

A number of low-level features such as color, luminance, shot length,
and motion affect the narrative of a film and guide the viewers to a
better understanding of the film (Brunick et al., 2013). For instance, as it
relates to temporal perception, Brunick and her colleagues stated that
manipulation of shot duration affects a viewer's perception of tempo, as
well as the type of information encoded while watching a movie. In the
present study, the compressed-, expanded-, and real-time versions of
each action were of the same duration. As a result, manipulating the
number of cuts within scenes resulted in variable shot durations between
the three edit types, with real-time scenes having the longest shot
duration and the expanded scenes having the shortest. Longer shot du-
rations may allow for higher non-temporal information processing in a
scene as compared to shorter shot durations where attention must be
guided to the central point of interest within each shot. This, however,
cannot fully explain our findings given that real-time scenes were not
underestimated in comparison to all other conditions tested (except for

the Typewriter scene). Additionally, Adams et al. (2000) supported that
timing during film viewing is influenced by the speed and rhythm of
movement and cuts reflected by shot length and motion. This influence
of shot length and motion to time perception during film viewing is
different under specific circumstances, whereby the influence of one
factor can outweigh the influence of the other (Adams et al., 2000).
Moreover, the influence of stimulus speed in time perception has been
systematically reported in studies using naturalistic stimuli (e.g., Grivel
et al.,, 2011; Sgouramani & Vatakis, 2014). Visual inspection of the
attentional saliency analysis of our stimuli showed saliency differences
due to motion, color, and intensity in each scene and across scenes,
however, no specific pattern could be derived. The differences noted
could have accounted for some of our results, however, no specific
manipulations of shot length, stimulus speed or motion were imple-
mented in our stimulation as it was beyond the scope of our study. As
shown in Table 1, each of the low-level factors mentioned above influ-
ence viewers' time perception, while watching films or movie segments.
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Table 1
A sample of low-level factors that influence time perception in films.
Factor Influence on perceived time
Luminosity Perceived duration is lengthened with increased luminance (e.g.,

Brigner, 1986; Lin, 2003).

Motion Higher levels of stimulus motion lengthen perceived time (e.g.,
Brown, 1995; Eagleman, 2004).

Number of Sequences containing multiple distinct events result in an

events underestimation of the elapsed time as compared to sequences

depicting a single event (e.g., Liverence & Scholl, 2012).

Pace Fast-paced edited scenes are overestimated in terms of duration as
compared to scenes with minimal to no editing (e.g., Balzarotti
et al., 2021; Eugeni, 2018; Eugeni et al., 2019).

Shot length Shots that are shorter in terms of length induce a high tempo

feeling to the viewer (e.g., Broberg & Panagiotidis, 2022).
Higher levels of speed tend to lengthen perceived time as
compared to lower levels of speed (e.g., Allingham et al., 2020;
Grivel et al., 2011; Kaneko & Murakami, 2009; Makin et al., 2012;
Matthews, 2011; Sgouramani & Vatakis, 2014; Tomassini et al.,
2011).

Stimulus speed

Note. Pace in films is dependent upon multiple factors, such as rhythm of cuts,
levels of motion or speed within shots, or shot length. Often, researchers use the
term ‘pace’ referring to only one of these parameters, most commonly, shot
length.

It should be pointed out that, as we manipulated the number of cuts
within scenes while trying to maintain the same duration for the three
edited versions of each action, this led to different shot durations be-
tween edit types, even though manipulation of shot length was beyond
the scope of this study. Future studies, therefore, should be conducted to
gain more insight on how these factors (i.e., number of cuts, shot
duration), along with the aforementioned low-level factors (i.e., stim-
ulus speed, motion) individually affect perceived duration within a
scene.

Our analysis revealed a significant effect of Event type on partici-
pants' CV values, with time estimations for the Stairs and Typewriter
scenes showing higher variability (i.e., lower timing sensitivity) than the
respective estimations for the Phone scene. All the stimuli utilized in our
experiment included movement as part of the presented actions, but
some of the actions were more dynamic than others. The observed effect

of Event type on participants' response variability could be driven by the
dynamic differences between the presented actions and by the different
proportion of static and dynamic shots between action types. Impor-
tantly, the levels of variability did not differ significantly between the
edited versions of each scene and there was no interaction between Edit
type and Event type on participants' CV values. Overall, the results of
this analysis highlight that the effect of editing type in participants'
duration estimation remained consistent between the different tech-
niques examined in the present study.

The type of event presented also modulated estimation of duration
with the Cigarette scene being overestimated as compared to all other
scenes and the Phone scene being overestimated as compared to the Tea
scene. Such differences indicate that the action depicted in a scene af-
fects a viewer's perceived flow of time. In a recent study, Eugeni et al.
(2019), investigated the effect of different actions (in terms of
intentionality/goal-orientation and linearity/iteration) on duration
estimation. The action presented affected participants' duration judge-
ments with scenes showing repetitive actions with or without intent (i.
e., an actor cutting a half-loaf of bread in two using a knife and an actor
repeatedly moving a glass and a bread loaf on a table, respectively) to be
overestimated as compared to their respective physical durations, while
scenes with intended, linear action (i.e., an actor poured water into a
glass and drank it) were veridical to their physical duration. The authors
interpreted these findings using the Conjectural Application of Body
Schemata (CABS) model for embodied time perception. This model is
based on the hypothesis that the temporality of an action's body sche-
mata operates as a matrix, where predictions about movement and ac-
tion time (temporal characteristics of a scene, i.e., speed and duration)
are made and tested as a scene dynamically unfolds. Thus, a linear and
intentional action allows for more accurate predictions during the online
viewing of a scene. This is not the case when the body schema of an
action is less linear and goal-oriented, the matrix formulates weaker
predictions and the comparison between these and the online experience
of the viewer becomes an increasingly demanding task, as these pre-
dictions are constantly reformulated, leading to an overall over-
estimation of the action's duration. One could speculate that the
Cigarette and Phone scenes are ambiguous in terms of linearity and
intentionality as they depict repetitive activities with no specific intent
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(analogous to the act of cutting a half-loaf of bread in two and the act of
repeatedly moving objects on a table that Eugeni and colleagues uti-
lized) as compared to the other scenes presented (i.e., Stairs, Tea, and
Typewriter, scenes analogous to the act of pouring water into a glass and
drinking it), and, thus, based on the CABS model a temporal expansion
would be expected in these scenes. Our findings seem to be in line with
the model's predictions, however, it was beyond the scope of this study
to examine the effect of action type on participants' duration judgements
and an a priori classification of the presented actions would be required
to draw any further conclusions. In the present study, the inclusion of
the Event Type as a variable in the conducted analyses was exploratory
and future studies should further examine the effect of the characteris-
tics (i.e., intentionality, linearity) of an action to a viewer's perceived
flow of time in cinematography.

In another recently conducted study, Fugeni (2018) examined the
role of both the type of action and the editing style on participants'
duration judgements. Three types of actions were presented, varying in
terms of how familiar, goal-oriented, transitive, and ingestive they were
(i.e., a clip showing an actor: a) pouring and drinking some water was
classified as a familiar, transitive, ingestive, and clearly goal-oriented
action, b) cutting some bread was classified as a familiar, transitive,
clearly goal-oriented, but not ingestive action, and c¢) randomly moving
some objects on a table was classified as an unfamiliar, non ingestive,
and ambiguously goal-oriented action). Each action was edited ac-
cording to 3 styles: master shot (no cuts and editing), slow-paced editing
(5 shots and 4 cuts), and fast-paced editing (11-13 shots and 10-12
cuts). Eugeni found that both editing style and type of action affected
participants' duration judgements. Specifically, in terms of editing style,
he found that fast-paced edited scenes were further overestimated as
compared to master shots while, in terms of action type, the unfamiliar
and not clearly goal-oriented action was further overestimated as
compared to the other two action types. Considering the number of cuts
in the three editing styles utilized by Eugeni, that is, fast-paced editing,
slow-paced editing and master shot, there is a correspondence to the
expanded-time, compressed-time, and real-time scenes, respectively,
utilized in our study. Our findings are partially in line with those of
Eugeni's regarding the effect of editing type, given that in our study the
expanded scenes (i.e., those containing the highest number of cuts
among the three types of editing examined) led to duration over-
estimation like the fast-paced editing implemented by Eugeni. In our
study, however, even though real-time scenes contained less cuts than
compressed scenes, the former was further overestimated as compared
to the latter. This was not the case in Eugeni's study, where no difference
in participants' duration judgements was found between slow-paced
edited scenes and master shots. These differences could be due to the
fact that time versus pace editing may be different, thus it would be of
interest for future studies to investigate the role of editing pace, along
with motion speed and shot length in duration judgements, to clarify
how each of these parameters may affect viewer's time estimates.

The stimuli utilized in the present study allowed for a naturalistic
depiction of everyday life activities, following the editing principles
applied to manipulate a scene's perceived duration. It should be noted,
however, that we addressed the effect of editing at the level of a scene
and not at a larger scale (i.e., within a movie or larger movie segments),
or the effect of narrative. Previous studies have shown that narrative
plays a crucial role in guiding viewers' attention (e.g., Cohen et al., 2015;
Germeys & d'Ydewalle, 2007), and timing models such as the AGM
predict that the allocation of attentional resources is directly linked to
time perception (e.g., Block & Zakay, 1997; Zakay & Block, 1997). In the
present experiment, we utilized short scenes without a specific theme, as
this was one of the first attempts to examine and specify the effects of
editing and action on time perception. Future studies should be con-
ducted to further examine these effects over scenes or larger movie
segments and investigate the role of narrative on viewers' time
perception.

Overall, the present findings suggest that the elliptical, overlapping,
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and real-time editing techniques can successfully be utilized by film-
makers to manipulate a scene's perceived duration. This pattern, how-
ever, was not consistent across scenes, with some scenes showing no
effect across conditions (i.e., phone scene), while in other scenes the
real-time manipulation was underestimated as compared to the
compressed-time editing conditions. Current models of timing do not
fully account for our results, a finding that could be attributed to low-
level feature differences (Adams et al., 2000; Brunick et al., 2013; Cut-
ting, 2016), attentional saliency effects, or to the overall effect of the
scene's narrative (even in such a short scale of stimulation). In order to
further break down how the characteristics of a scene and the use of
editing interact on viewers' perceived duration, future studies including
the manipulation of low-level factors (such as stimulus speed, motion,
shot length, or luminance), and the characteristics of an action (such as
intentionality, and linearity), along with the application of different
editing techniques would be valuable to investigate this issue in depth.
Moreover, with the use of larger movie segments, more research should
be conducted to further investigate the effect of narrative in duration
perception with the use of cinematographic material.
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