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Abstract
When an audience member becomes immersed, attention is shifted towards the media and story, and this
is accompanied by the allocation of mental resources to represent events and characters. Here we
investigate whether it is possible to measure immersion using continuous behavioural or physiological
measures. Using television and �lm clips, we validated dual-task reaction times, heart rate, and skin
conductance against self-reported narrative engagement. We �nd that reaction times in the dual-task
were strongly positively correlated with immersion: slower reaction times were indicative of greater
immersion, particularly emotional engagement. Synchrony in heart rate between participants was
associated with attentional and emotional engagement with the story, although we found no such
relationship with skin conductance. These results establish both dual-task reaction times and heart rate
as candidate measures for the real-time, continuous, assessment of audience immersion.

Introduction
Imagine you are watching your favourite �lm: your heart races, your eyes are glued to the screen, and you
fail to notice that several hours have passed. This has been called immersion1, engagement2,
transportation3, presence4, absorption5, and �ow6 – referred to as immersion in this paper for brevity.
While the psychological mechanisms behind immersion are not fully understood, immersion is typically
considered to arise from cognitive processes including attention and emotional processing7,8. Immersion
is dynamic and continuously in �ux and may respond to a very wide range of changing properties of the
content from low-level visual and auditory features to the narrative structure9. 

Despite the dynamic nature of immersion, much of the research in this area relies on singular
retrospective estimates from questionnaires: e.g. Immersive Experience Questionnaire10, Narrative
Engagement Scale2, Presence Questionnaire11 and Transportation Scale3 to name a few. Immersion
questionnaires typically measure multiple dimensions including: attention, perception of time, feelings of
being spatially located or transported toward the mediated environment, emotional aspects such as
theory of mind, and absorption within the narrative (see 12 for a review). Questionnaires then are an
attractive measure for capturing the multidimensional nature of immersion. However, as retrospective
estimates, questionnaires are not sensitive to the dynamic nature of immersion and are dependent on the
memory of the participant. This leaves questionnaire estimates vulnerable to memory biases such as
primacy and recency effects13. 

There are several alternative approaches to measuring immersion including: neural measures such as
fMRI or EEG14–17; physiological measures such as heart rate or skin conductance18,19; behavioural
paradigms such as dual-task9,20, continuous rating21, or thought listing paradigms22,23; and other
measures including eye tracking24 or body motion25. In the current study, we explore three indirect ways
to assess immersion: dual-task reaction times, heart rate, and skin conductance. These measures were
chosen because they provide continuous estimates, are relatively easy and inexpensive to collect, and,
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with the exception of dual-task reaction times, are non-invasive (i.e. do not distract from the media
experience itself).

Our aim is to validate these indirect measures of immersion against questionnaire-based, self-reported
immersion. We selected the Narrative Engagement Scale2 as our self-report measure, as it is widely used,
designed for �lm and television content, and assesses dimensions of immersion that may relate to
underlying cognitive and emotional processes (attentional focus, emotional engagement, narrative
presence, narrative understanding). While the authors of this scale name this concept narrative
engagement, we can consider this the degree to which an individual is immersed within a narrative. Our
design used several short clips which were likely to vary in immersion, so we could look at the
correlations between continuous and self-reported measures. Experiment 1 (n = 164) was an online
experiment looking at the relationship between dual-task reaction times and narrative engagement,
across 7 short video clips. Experiment 2 (n = 48) investigated the relationship between two physiological
measures (heart rate and skin conductance) and narrative engagement, across 10 short video clips. A
secondary objective of these experiments was to compare full questionnaire to a single-item question
assessing immersion, to determine if it is possible to reduce questionnaire length. 

Results

Immersive narratives consume more attentional resources
Experiment 1 explored the relationship between dual-task reaction time and immersion. Dual-task
reaction times are a classic and extremely well established measure of attention within psychology26. In
this paradigm, participants complete a primary task (watching a �lm) alongside a simple secondary task
(e.g. responding to an auditory tone). Reaction time to the secondary task is taken to indicate the
available cognitive resources for that task. Given a �nite amount of cognitive resources, any reduction in
cognitive resources to the secondary task suggest that more resources are being allocated to the primary
task 27 (see 28 for a review).  As such the reaction time gives a measure moment-by-moment of how
much attention is being allocated to the �lm. 

All data were analysed using R 4.1.129 and are made available at https://osf.io/. Mean reaction times
were M = 999 ms, SD = 427 ms with M = 92.7%, SD = 26.9% correct responses (see Supplementary Fig. 2
for an overall distribution of correct and incorrect responses). In subsequent analyses, responses over
3000 ms and incorrect responses were excluded, as in 9. While reaction times were not normally
distributed (Supplementary Fig. 2), we did not transform the data as analyses were conducted on mean
data for each clip, which following central limit theorem will conform to a normal distribution. Mean
narrative engagement scores were M = 4.27, SD = 0.94. For each dimension, this is: attentional focus (M =
4.37, SD = 1.75), emotional engagement (M = 3.58, SD = 1.61), narrative presence (M = 3.90, SD = 0.73),
narrative understanding (M = 5.21, SD = 1.44). Mean single-item immersion rating was M = 4.41, SD =
1.83.
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Figure 1 shows the overall correlation between reaction time and narrative engagement. Reaction times
were strongly positively correlated with narrative engagement: that is, more engaged participants are
slower to response to the secondary task (r(5) = .88, p = .01). The Narrative Engagement Scale is a 12-
item scale assessing 4 dimensions of engagement: attentional focus, emotional engagement, narrative
presence, and narrative understanding. Participants rated each item on a 7-point Likert scale. When
referring to narrative engagement, we describe the mean of all 12 items. When referring to a dimension of
narrative engagement, we describe the mean of the subscale items which assess that dimension. In
addition to the Narrative Engagement Scale, we asked a further single-item question to compare to the
full scale (‘During the program, I was very immersed’), which was rated on the same 7-point Likert scale
as the Narrative Engagement Scale. This allows us to investigate whether it is appropriate to reduce self-
reported engagement to a single dimension. We refer to this single-item question as immersion.
Immersion was also signi�cantly correlated with reaction times: r(5) = .83, p = .02. 

To assess whether this correlation was robust within participants, we computed the correlation between
reaction time and narrative engagement for each participant and compared this distribution against zero.
This approach accounts for individual differences in preference, as the test makes no assumptions about
which content participants may rate as most engaging. Using a one sample, two-tailed t-test, we found
that this overall distribution was signi�cantly greater than zero: mean r = .218, t(163) = 6.82, p = 1.69 x
10-10. Similarly, participants’ individual correlation between reaction times and self-reported immersion
was signi�cantly greater than zero: mean r = .185, t(163) = 5.85, p = 2.58 x 10-8. 

To assess which dimensions of the Narrative Engagement Scale were in�uencing reaction time, we �tted
a linear mixed model to our data using the ‘lme4’ package in R30. We included �xed effects for each
dimension of narrative engagement (attentional focus, emotional engagement, narrative presence,
narrative understanding). We also included a �xed effects for single-item immersion, clip order (given the
tendency for reaction times to increase over time9), and for familiarity (whether participants had seen the
clip before). Participant was set as a random intercept to account for participant level differences in
average reaction time.

 As shown in Figure 2, emotional engagement led to a signi�cant increase in reaction time: b = 15.06, 95%
CI[5.89, 24.23]. Clip order also signi�cantly increased reaction time: b = 12.79, 95% CI[8.09, 17.49].
Narrative presence (b = 7.23, 95% CI[-11.85, 26.31]), narrative understanding (b = -4.20, 95% CI[-12.42,
4.02]) and familiarity (b = 10.24, 95% CI[-5.10, 25.59]) did not signi�cantly affect reaction time.
Interestingly, despite the dual-task paradigm being a measure of attention, attentional focus also did not
affect reaction times (b = -3.95, 95% CI[-15.08, 7.18]). We can conclude therefore that increases in
reaction time are predominantly driven by emotional engagement in the story.

Synchronous viewer behaviour has been presented as a major consequence of media viewing, and can
be seen in neural32, behavioural24, and physiological data33. Here, we investigate whether this
synchronous behaviour may be driven by engagement. The are several ways to assess viewer synchrony
– for example, inter-subject correlation34,35, cross recurrence quanti�cation analysis36, and circular
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shu�e statistics37. Here, we rely on the most widely used method, inter-subject correlation, to assess
whether synchrony in reaction time (ISCRT) was related to narrative engagement. For each clip, a
correlation matrix between all pairs of participants is produced. We then take an average of each row of
that matrix (each participant), which provides a score for each participant of how synchronous they are
with all other participants. We �nd that ISCRT was not signi�cantly related to narrative engagement (r(5) =
.554, p = .197) or immersion (r(5) = .490, p = .264). However, individual participant’s ISCRT was

signi�cantly related to narrative engagement (mean r = .216, t(162) = 6.73, p = 2.84 x 10-10) and
immersion (mean r = .182, t(162) = 5.75, p = 4.26 x 10-08). 

Immersive narratives synchronise heart rate
Experiment 2 explored the relationship between heart rate, skin conductance, and narrative engagement
in 10 video clips. For each participant, physiological measures were averaged over 1 s intervals and we
calculated difference scores by subtracting the grand mean for each participant from their scores in each
clip. This standardises our responses across participants. In Experiment 2, mean heart rate was M =
75.17, SD = 11.43. Mean narrative engagement scores were (M = 4.63, SD = 1.01), and broken into
constituent dimensions this was: attentional focus (M = 4.80, SD = 1.74), emotional engagement (M =
4.17, SD = 1.75), narrative presence (M = 4.17, SD = 0.73), narrative understanding (M = 5.39, SD = 1.61).
For single-item immersion, mean scores were M = 4.92, SD = 1.64.

First, we investigated the relationship between heart rate, heart rate variability, and narrative engagement.
Heart rate is a way to index parasympathetic and sympathetic nervous system activity38. Heart rate is
known to vary in response to cognitive processing demands, and as such has been applied within media
psychology to index immersion18. Due to dual-innervation of heart rate by sympathetic and
parasympathetic activity, heart rate does not always vary predictably in response to stimuli, and as such
heart rate variability is sometimes used as a measure of cognitive processing28. Neither heart rate (r(8) =
-.501, p = .140) nor heart rate variability (r(8) = -.524, p = .120) were signi�cantly correlated with narrative
engagement. Individual participant’s heart rate and engagement correlations were signi�cantly lower than
zero for engagement (mean r = -.123, t(46) = -2.61, p = .012) but not immersion (mean r = -.110, t(46) =
-1.95, p = .057), offering some indication that higher self-reported engagement may be associated with
lower heart rate. Individual correlations between heart rate variability and engagement (mean r = -.093,
t(46) = -1.86, p = .069) or immersion (mean r = -.070, t(46) = -1.33, p = .192) were non-signi�cant.  

We �nd strong evidence that synchronicity in heart rate is a predictor of engagement. Figure 3 (top) plots
the signi�cant relationship between heart rate inter-subject correlation (ISCHR) and narrative engagement:
r(8) = .847, p = .002. A similar relationship was found between ISCHR and immersion: r(8) = .717, p = .020.
ISCHR is de�ned in the same way as ISCRT above.

This relationship between heart rate synchrony and engagement was also robust across participants.
Again, we computed correlations between ISCHR and engagement for each participant (Fig. 3: Bottom
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left). Individual participants show signi�cant non-zero relationships between ISCHR and narrative

engagement (mean r = .129, t(45) = 7.38, p = 2.79 x 10-9)  as well as between ISCHR and immersion (mean

r = .110, t(45) = 6.54, p = 4.95 x 10-8).

As with reaction times above, we then built a linear mixed model, including �xed effects for each
dimension of narrative engagement, single-item immersion, clip order, familiarity, and a random intercept
for participant. Figure 4 plots these regression estimates. 

As shown, attentional focus (b = .009, 95% CI[.005, .013]), emotional engagement (b = .010, 95% CI[.008,
.014]), clip order (b = .005, 95% CI[.003, .006]), and familiarity (b = .010, 95% CI[.004, .012]) signi�cantly
increase HRISC, while narrative presence (b = -.007, 95% CI [-.014, .000]), narrative understanding (b = .001,
95% CI[-.000, .004]) and immersion (b = -.002, 95% CI [-.006, .002]) do not signi�cantly affect ISCHR.
Higher narrative engagement drives synchrony between participants heart rate then, and this is
predominantly related to attentional and emotional engagement with the narrative. Supplementary Figure
5 provides an example of how this inter-subject correlation technique could be used dynamically within a
piece of content and related to narrative moments. 

Skin conductance is not related to immersion
Skin conductance is one of the few physiological measurements singly innervated by the sympathetic
nervous system, and is considered a measure of arousal39. Skin conductance levels are known to vary
with the emotional content of a stimulus, and have been used as a proxy for engagement in several
media studies19,40,41. Mean skin conductance level for Experiment 2 was M = 10.60, SD = 6.08. We did not
�nd a signi�cant relationship between skin conductance level and narrative engagement (r(8) = .020, p =
.957), or immersion (r(8) = -.143, p = .693). Individual participant’s correlations between skin conductance
and narrative engagement (mean r = -.029, t(46) = -0.58, p = .57) or immersion (mean r = .005, t(46) =
0.11, p = .912) were also non-signi�cant. Additionally, we did not �nd evidence of a relationship between
inter-subject correlation of skin conductance (ISCSC) and narrative engagement (r(8) = -.140, p = .699) or
immersion (r(8) = -.295, p = .408). This relationship was also not signi�cant at an individual participant
level for engagement (mean r = -.010, t(46) = -0.50, p = .617) or immersion (mean r = -.010, t(46) = -0.69, p
= .492).

Familiarity 
Supplementary �gure 4 presents a breakdown of participant’s familiarity scores in each experiment.
Familiarity with the content affected narrative engagement, but not reaction time, heart rate, or skin
conductance. To assess if familiarity affected our measures, we used Welch’s two sample, two-tailed t-
tests to account for the unequal sample size and variance between familiar and unfamiliar groups. In
experiment 1, participants who had seen any of the series before were more engaged (M unfamiliar =
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4.04, M familiar = 4.63, t(1006) = -11.06, p < .001) but did not show differences in reaction times (M
unfamiliar = 985, M familiar = 989, t(939) = -0.22, p = .82). Similarly, participants who had seen the
speci�c clip before were more engaged (M unfamiliar = 4.14, M familiar = 4.9, t(264) = -11.62, p < .001)
but did not show differences in reaction times (M unfamiliar = 982, M familiar = 1019, t(226) = -1.45, p =
.15). 

In experiment 2, familiarity was related to higher engagement both when participants had seen any of the
series before (M unfamiliar = 4.52, M familiar = 5.12, t(101) = -5.49, p = 2.99 x 10-7) and when they had
seen the speci�c clip before (M unfamiliar = 4.52, M familiar = 5.25, t(74) = -6.02, p = 6.23 x 10-8). Heart
rate was not affected by familiarity with the series before (M unfamiliar = 75.23, M familiar = 75.58, t(86)
= -0.27, p = .791) or the speci�c clip (M unfamiliar = 75.19, M familiar = 75.88, t(63) = -0.44, p = .664).
Similarly, skin conductance was not affected by participants seeing any of the series before (M
unfamiliar = 10.57, M familiar = 10.46, t(88) = 0.15, p = .880) or the speci�c clip before (M unfamiliar =
10.62, M familiar = 10.17, t(74) = 0.65, p = .516). From this we can conclude that while participants found
familiar content more engaging, this did not affect reaction times or physiological responses.

Single-item question of immersion indexes the full narrative
engagement scale
Finally, we looked to assess whether our single-item question of immersion was related to overall
narrative engagement. In experiment 1, there was a signi�cant correlation between immersion and the
Narrative Engagement Scale: r(1146) = .797, p = 2.2 x 10-16. To assess which dimensions immersion was
related to, we �t a linear regression predicting immersion from each dimension of narrative engagement.
Immersion was predicted by attentional focus (b = .61, p = 2 x 10-16), emotional engagement (b = .28, p =
2 x 10-16), and narrative presence (b = .50, p = 2 x 10-16), but not narrative understanding (b = .01, p = .77).
The same pattern of results was present in experiment 2, immersion was signi�cantly correlated with
engagement: r(478) = .755, p = 2.2 x 10-16. Immersion was predicted by attentional focus (b = .579, p = 2
x 10-16), emotional engagement (b = .150, p = 5.88 x 10-6), narrative presence (b = .366, p = 4.96 x 10-7),
but not narrative understanding (b = .014, p = .608). This offers the promising indication that most
dimensions of engagement (excluding understanding) could be indexed reasonably accurately by a
single-item questionnaire. 

Discussion
When immersed, we allocate attentional resources to construct detailed representations of events,
characters, and their intentions and emotions; to understand the content and anticipate outcomes7.
Alongside directly probing this behaviour using self-report, we may be able to index the same processes
using a combination of behavioural and physiological measures. Here, we validate dual-task reaction
times, heart rate, and skin conductance as measures of immersion, against self-reported engagement for
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a set of short video clips. In Experiment 1, we �nd evidence that people respond slower to a secondary
task, when watching content which is rated as more engaging. In Experiment 2, we �nd evidence that
higher self-reported engagement is related to greater inter-subject correlation in viewer’s heart rates. We
have demonstrated that it is possible to measure immersion indirectly and dynamically. 

These results add to the growing body of literature which suggests media stimuli can evoke synchronised
responses across viewers - in this case at a physiological level. This evidence begun with research by 32

demonstrating increased inter-subject correlations in brain regions associated with on-screen events (e.g.
fusiform gyrus when faces were present on-screen). Since then, synchrony has been found in fMRI42,
EEG17,43, eye movements44,45, perception of time46 and more recently physiological responses such as
heart rate and skin conductance37,47–53. This effect has been termed by some as the ‘tyranny of �lm’45.
There is evidence that this synchronous behaviour is modulated by factors including co-presence
(viewing together with others)51, audience preferences42, narrative54, emotional content17, attention55,
and task performance24. Here we add to this list: heart rate synchrony may be driven by audience
engagement. 

The relationship between attention and engagement while watching �lm content is well-established and
is consistent with our �ndings that slower dual-task reaction times relate to higher engagement. For
example, viewers show attentional synchrony in gaze behaviour56 and that viewers are resistant to
oculomotor capture by salient visual distractors57. A simple way to interpret this is in terms of immersion:
an enveloping of perceptual apparatus3. From this perspective, when engaged, fewer resources are
available for the secondary task because they are dedicated towards attending and perceiving on-screen
events. For example, richer visual experiences (such as high dynamic range) lead to slower reaction times
on the dual-task paradigm58. There is some further evidence that larger screens are also more
engaging59, and that viewing on a television rather than a smartphone is more immersive60. It is possible
then that engagement is in part driven by simple visual features such as contrast, luminance, or
chrominance.

However, visual properties of the content alone are unlikely to be su�cient to fully explain why more
attention is allocated towards engaging stimuli. For example, 20 �nd that participants are slower to
respond to dual-task reaction time probes during moments of higher narrative suspense, and provide
evidence that simple visual features alone are an inadequate explanation for this. Instead, we may
consider engagement as a form of mental simulation, where viewers are occupied with constructing
models to represent characters, events, and scenes7. Slower reaction times then may be a consequence
of the greater cognitive elaboration arising from processing the narrative. 

This mental simulation account is consistent with our �nding that the relationship between narrative
engagement and reaction times (Experiment 1) and heart rate (Experiment 2) were driven mainly by the
emotional engagement and attentional focus dimensions. Film has previously been considered an
emotion machine61 and there are accounts that �ction functions as a simulation of social worlds62.
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Within this framework, when engaged, viewers allocate resources towards representing and predicting
beliefs, feelings, and intentions of characters. Indeed, other researchers have found that reading �ction
can improve empathy and theory of mind capabilities63,64, and that this effect is contingent on the degree
of transportation experienced65. Autonomic nervous functions, including heart rate, respiration, skin
temperature, and skin conductance are similarly activated during real and imagined events66, further
indicating that physiological responses should be sensitive to the mental simulation involved during
immersion.

Presence is generally conceptualised as an individual’s perception being oriented from the real world
towards the world of the media67, often described as a sense of ‘being there’68, most commonly in the
form of feeling spatially located within the environment69. Despite presence and immersion being used
interchangeably by some authors70, we did not �nd a relationship between our measures of immersion
and self-reported narrative presence. It is possible that the feeling of being spatially located within the
story world is inadequate to trigger the cognitive and emotional processes we are indexing. This suggests
a distinction between immersion as attending to and mentally representing the stimulus, and presence as
feeling spatially located within the stimulus71. Alternatively, we may simply not have enough variability in
presence ratings, and note the standard deviations in narrative presence for each experiment appear
meaningfully lower than other dimensions of engagement. Some researchers have argued presence is
experienced as a binary rather than continuous phenomenon72. 

Narrative understanding was not related to physiological measures in our study. Comprehension has also
been found to not affect other measures of immersion, such as gaze synchrony. In a study by 44,
comprehension was independently manipulated by providing some participants with narrative context
and others without, however gaze behaviour remained similar. One interpretation of these �ndings is that
gaze synchrony and physiological synchrony is driven by lower-level features of the content, such as
visual properties or editing style. However, it is important to note that in our study, perceived (i.e. self-
reported) comprehension is not an objective measure of understanding. Future work may choose to
investigate this area further using objective metrics of understanding, for example memory or asking
participants to predict what will happen next in a scene. 

In our study, skin conductance was not sensitive to changes in immersion. This is in contrast to other
�ndings such as 19 that skin conductance level relates to attentional focus and emotional engagement,
making our absence of an effect intriguing. As skin conductance is directly innervated by the sympathetic
nervous system, this result suggests that immersion is more tied to parasympathetic activity. Emotions
linked to immersion, including awe, are theorised to be related more to parasympathetic activity than
other emotions such as excitement73. Alternatively, it may be that our stimuli did not contain enough
differences in aversive properties to evoke meaningful skin conductance differences, and that if different
content were used (e.g. strong horror content), this would change. However, some �ndings suggest that
skin conductance synchrony can be reliably induced using calming stimuli53. 
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As immersion itself is in part characterised by a lack of meta-awareness1, reporting on the experience
retrospectively within a questionnaire may be di�cult (e.g. see research on the di�culty of reporting
mind-wandering74). Despite this, we have shown several instances where behavioural and physiological
measures appear to index self-reported immersion, suggesting that both measures are tapping into the
underlying concept of immersion. Further, we have shown a strong relationship between the Narrative
Engagement scale and a single-item question of immersion, suggesting internal consistency. However,
issues remain with the questionnaire methodology. Namely, they are retrospective reports and so rely on
memory of the experience. It is possible then that questionnaires are affected by primacy and recency
biases13, meaning that variability in immersion during the middle sections of the content is not captured. 

The purpose of the current study was to validate behavioural and physiological measures of audience
immersion across several types of �lm and television content. This toolkit can now be applied to a wider
range of contexts, including different media formats, or real-world situations. Our measures of immersion
will be sensitive to changes in immersion within a single stimulus, such as a feature length �lm. The dual-
task paradigm and heart rate ISCs both offer the opportunity for continuous measures of audience
immersion, while heart rate ISC offers this in a truly non-invasive way.

Methods

Participants
Experiment 1 consisted of 170 participants. Sample size was selected arbitrarily but was preregistered at
https://osf.io/4fjyc. Participants were excluded who: did not watch all clips (n = 2), did not meet the
eligibility criteria (n = 1), or had an error rate above or equal to chance (n = 3); leaving a �nal sample size
of n = 164 (Mage = 19.93, SD ± 3.16, 138 female, 25 male, 1 preferred not to say). Note that excluding
participants performing below chance deviates from our preregistered exclusion criteria of < 75% correct
responses (see Supplementary Materials S6). 

Experiment 2 recruited 50 participants. 2 participants were excluded as their data lacked the necessary
tone to synchronise the content with the physiological responses, leaving a �nal sample of n = 48 (Mage =
20.22, SD ± 3.16, 40 female, 8 male, 42 right-handed). Sample size was pre-registered at
https://osf.io/ckx8q. Both experiments were approved by the University of Bristol School of Psychology
Research and Ethics Committee (ethics codes: 1210219207, 14012210293) and were conducted in
accordance with the Declaration of Helsinki. All participants provided informed consent to participate. 

Stimuli 

Participants viewed clips from television and �lm content available on BBC iPlayer. Clips were between 2-
4 minutes long and selected from a range of genres. As such, we expected that clips would vary in
narrative engagement within each participant. Experiment 1 used 7 clips, and experiment 2 used 10 clips
(see Table 1 for a full description). Clips were presented at 720p resolution (the maximum available on
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BBC iPlayer). In experiment 1, participants watched the content on their own device. In experiment 2,
participants watched on a Sony Bravia ZD9, 146 x 85 cm screen sitting at a distance of 2H. 

Measures 
Reaction times

In experiment 1, participants heard random high (1000 Hz) and low (600 Hz) tones at 15 s intervals, and
were required to make a button press response (left shift for a low tone, right shift for a high tone) as
soon as they heard the tone. Tones were 1 s length sine waves and were presented at a comfortable
listening level (as in 9,58). 

Physiological measures 

In experiment 2, physiological measures were recorded using Biopac MP160 with a sampling rate of 2000
Hz. ECG was recorded using the ECG100C module. Electrodes were placed in lead-III con�guration on
each collarbone and the lower left rib. Post-processing was done in Acqknowledge 5.0 to compute heart
rate from R-R intervals and to hand-correct any artefacts. Heart rate variability was calculated for each
clip as the standard deviation of heart rate. Skin conductance was recorded using the EDA100C module,
and electrodes were placed on the distal phalanges of the index and middle �ngers, on the participant’s
non-dominant hand.

Narrative engagement

In both experiments, participants completed the Narrative Engagement Scale2 after watching each clip.
This 12-item questionnaire is used to assess four dimensions of engagement: attentional focus,
emotional engagement, narrative understanding, and narrative presence. Items are rated on a 7-point
Likert scale anchored between ‘strongly disagree’ and ‘strongly agree’. We included a single additional
question on immersion (‘During the program, I was very immersed’) to assess the relationship between
the full narrative engagement scale and a single dimension. 

Design
We had a within-subjects design, where participants watched each clip in a random order. Because of the
total number of counterbalancing conditions (7! in experiment 1, 10! in experiment 2), it was not possible
to fully counterbalance the design and so clip order was random. The breakdown of clips in each order is
provided in Supplementary Figure 1. Each experiment was built using PsychoPy 2021.2.375. Experiment 1
was hosted online using https://pavlovia.org, with the information sheet, consent form, and �nal
demographic information being hosted separately using Qualtrics, version January 2022. Experiment 2
was conducted in-person in a model living room setup, complete with television, sofa, and furniture.
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Table 1 Stimuli.
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Clip Length
(s)

Genre Description

Experiment 1

Blue Planet II 172 Nature Wildlife documentary series, presented and narrated by
David Attenborough, exploring the planet’s oceans.

The
Dumping
Ground

144 Children’s Growing up in a care home brings all sorts of tough
challenges, but the kids at Ashdene Ridge know that if
they stick together, they can get through anything life
throws at them.

Killing Eve 149 Drama When a spy tracks down a stylish assassin, the hunter
becomes the hunted. A bloody, funny thriller about two
women lethally obsessed with each other.

Gardener’s
World

170 Lifestyle Gardening show packed with good ideas, tips, advice
from experts and timely reminders to get the most out of
your garden, whatever its size or type.

Mortimer &
Whitehouse:
Gone Fishing

141 Comedy Two friends, beautiful places and a good natter. Bob
Mortimer and Paul Whitehouse go on a life-a�rming,
funny journey, sharing their changed outlooks and trying
to land a catch.

Your Home
Made Perfect

157 Lifestyle Transforming problematic pads into heavenly homes.
Cutting edge technology and innovative architects reveal
the design dream ordinary houses could become.

Line Of Duty 182 Drama Bent coppers and the detectives sent to stop them. AC-12
isn’t here to make friends. Will their investigations land
them deadly enemies?

Experiment 2

Crazy Rich
Asians

160 Comedy
(�lm)

New Yorker Rachel Chu accompanies her boyfriend, Nick,
to his best friend’s wedding in Singapore and discovers
that Nick is one of the country’s wealthiest and most
sought-after bachelors.

Dolittle 222 Children’s
(�lm)

A doctor with a special talent for talking to animals is
called upon to embark on an important quest. 

The World’s
Most
Extraordinary
Homes

185 Lifestyle Award-winning architect Piers Taylor and actress and
property enthusiast Caroline Quentin explore
extraordinary homes built in mountain locations around
the world.

Saving Lives
at Sea

191 Documentary At Saunton Sands, Devon, the Appledore crew respond to
a 999 call from a man whose wife is being blown out to
sea on her new paddleboard.

Snooker
2022: UK
Seniors

160 Sport Coverage of the 2022 UK Seniors Snooker Championship.

The Outlaws 132 Comedy Seven very different strangers begin their community
payback sentences, renovating a derelict building in
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Bristol. But can any of these ‘outlaws’ really reform?

The Terror 252 Drama Autumn, 1846. Two ships seeking the fabled Northwest
Passage around Canada get caught in the Arctic ice.

The Tourist 179 Drama When a man wakes up in the Australian outback with no
memory, he must use the few clues he has to discover his
identity before his past catches up with him.

Universe 154 Science Since the �rst star lit up the universe, they have been
engines of creation. Professor Brian Cox reveals how,
ultimately, stars brought life and meaning to the universe.

The Wild
Gardener

170 Nature Wildlife cameraman Colin Stafford-Johnson returns
home to Ireland on a personal quest to transform his old
childhood garden into a haven for native plants and
animals.

Note: Genre and descriptions were taken from BBC iPlayer.
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Figures

Figure 1

Correlation between narrative engagement and reaction times. Top: Overall correlation between narrative
engagement and reaction time for each clip. Error bars denote 95% con�dence intervals. Narrative
engagement has been divided by the 12 items in the scale, to create a score between 1-7 (note: the factor
loading for each item of the scale is unidirectional2, as such it is appropriate to construct a summary
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score in this way). An overview of the clips used in this experiment can be seen in Table 1. Bottom:
Raincloud plot of each participant’s correlation between reaction time and narrative engagement (left) or
immersion (right). Each point represents one participant. Boxplots denote median and quartiles, violin
plots provide density estimates.

Figure 2

Linear mixed model parameter estimates for reaction time. Error bars denote 95% con�dence intervals.
Individual p values are not provided for these model estimates, due to the problems associated with
interpreting p values from linear mixed models31. However, where con�dence intervals do not intersect
with zero (dashed line), this can be considered analogous to a signi�cant difference at p < .05.
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Figure 3

Inter-subject correlations in heart rate. ISCHR is calculated as the correlations in heart rate between each
pair of participants. An average is taken for each participant to determine how synchronous they are with
other participants. Top: Relationship between narrative engagement and ISCHR for each condition. Error
bars denote 95% con�dence interval. Bottom left: Individual correlations between ISCHR, narrative
engagement, and immersion. Each point represents one participant. Boxplots denote median and
quartiles, violin plots provide density estimates. Bottom right: Participant’s ISCHR in each condition.
Participant 10 is blank as heart rate was not available for that participant.
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Figure 4

Linear mixed model parameter estimates predicting heart rate inter-subject correlation. Error bars denote
95% con�dence intervals. Where con�dence intervals do not intersect with zero (dashed line), this can be
considered analogous to a signi�cant difference at p < .05.
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