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Introduction 
Literary texts have the power to induce rich emotional 

experiences, either by their content (e.g., the thrill and 
suspense felt during reading of Stephen King novels) or 
form (e.g., the awe produced by the skillful use of lan-
guage) (Kneepkens & Zwaan, 1995; Miall & Kuiken, 
2002; Oatley, 1995). Sometimes a literary text can be so 
engaging that we “get lost in the story world” – a concept 
that has been coined as immersion, transportation, or 
absorption (Gerrig, 1993; Green & Brock, 2000; Kui-
jpers, Hakemulder, Tan, & Doicaru, 2014). When im-
mersed in the story world, “… all mental systems and 

capacities become focused on events occurring in the 
narrative” (Green & Brock, 2000).  We might feel sus-
pense and eagerly expect what will happen next, form 
vivid mental imagery of the scenery and the locations 
described in the story, and get emotionally involved and 
touched by the emotions of the story characters (Ryan, 
2001). 

But what exactly are the cognitive and affective 
mechanisms underpinning an immersive literary experi-
ence? The Neuro-Cognitive Poetics Model (NCPM) 
recently proposed by Jacobs (2015) addresses the ques-
tion of emotional processes during reception of literary 
art. First of all, the NCPM posits that the same neural 
circuitry that is responsible for emotional reactions in the 
real world is also involved in creating a literary experi-
ence. This assumption is based on brain imaging studies 
showing that emotional words and passages activate brain 
areas that are responsible for processing of other types of 
emotionally significant stimuli (e.g., Citron, 2012; Num-
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menmaa et al., 2014; Nummenmaa & Saarimäki, 2019). 
Another basic assumption of the model is that strongly 
emotional text content is more likely to induce emotions 
in the reader and create feelings of empathy towards the 
story characters, which enhances immersion. This as-
sumption is supported by empirical findings show-
ing  that high immersion in emotionally charged seg-
ments of a novel (in this case, Harry Potter series) is 
related to activation of brain regions associated with 
experiencing affect and empathy (e.g., Hsu, Conrad & 
Jacobs, 2014). Finally, the NCPM posits that high trans-
portation or immersion should increase processing fluen-
cy, which should be reflected in, for example reading, as 
shorter eye fixation times. 

The dimensional emotion theories, such as the cir-
cumplex model of emotion posit that emotions can be 
described in two dimensions: arousal and valence (Pos-
ner, Russell, & Peterson, 2005). Arousal refers to the 
intensity of the emotional activation, whereas valence 
describes how pleasant or unpleasant the experience is. 
As an example of emotions induced by literary texts, 
consider the horror story 1922 written by Stephen King. 
It contains a detailed description of how a father and a 
son sneak into the parent’s bedroom at night, attack the 
mother of the family, slice her throat and brutally muti-
late her. This sort of a text excerpt can be expected to 
induce a high arousal, negative emotion in the recipient, a 
feeling that intensifies as the terrible events unfold. On 
the other hand, the same story includes a description of a 
mundane weather conversation between family members 
while they are sitting on their front porch, watching a 
sunset. This text excerpt is likely to induce a very differ-
ent reaction than the one described before: lower arousal 
and a neutral or even slightly positive emotion.  

Previous research shows that emotional responses in-
fluence attentional and memory processes (e.g., Hamann, 
2001). Especially arousal is crucial in how attentional 
resources are allocated, and highly arousing stimuli tend 
to capture and maintain attention (see e.g., Lang et al., 
1993; Vogt et al., 2008). This means that there is a strong 
link between emotional arousal and cognitive engage-
ment (i.e., concentration of attentional and memory pro-
cesses), and that highly arousing stimuli like horror sto-
ries should capture attention and be more cognitively 
engaging than less arousing materials. What remains an 
open question is the relationship between cognitive en-
gagement and experiences of transportation. If higher 

arousal induces higher cognitive engagement, then one 
could argue that it is also more likely to induce higher 
story transportation. This reasoning is in line with the 
NCPM (Jacobs, 2015), which posits that different text-, 
context- and recipient-related features determine the 
emotional responses to text. For example, higher immer-
sion to an emotional story would induce higher empathy 
towards the story characters and more vivid emotional 
experiences.  

Despite the growing interest in utilizing empirical 
methods such as eye tracking to study literary experience 
(see e.g., Faber et al., 2020; Magyari et al., 2020, Xue et 
al., 2019), very little is still known about the interplay of 
emotional and cognitive processes during literary text 
reception. The goal of the present study was twofold. 
First, we were interested in how emotionally arous-
ing  text content (specifically, horror) influences the emo-
tional and cognitive processes occurring during literary 
text reception and the experiences of transportation. Sec-
ond, we were interested in how transportation to the story 
world is reflected in the measures of emotional and cog-
nitive engagement. In order to answer these questions, we 
combined subjective reports of emotion (arousal and 
valence) and transportation with measures derived from 
eye tracking (pupil size and eye blinks) collected while 
participants listened to excerpts of literary texts from the 
horror genre. 

 Measuring arousal and cognitive engage-
ment 

An emotional response involves a subjective experi-
ence, physiology and behavior, and a combination of 
different methods is needed to describe the interplay of 
these different facets of emotion (Mauss & Robinson, 
2009). Subjective experience can be measured with self-
reports, such as the self-assessment manikin (SAM) 
scales introduced by Bradley and Lang (1994). The SAM 
is a pictorial scale consisting of images denoting different 
dimensions of emotional experience. The valence scale 
includes manikins expressing a continuum from an un-
pleasant to a very pleasant feeling, and the arousal scale 
contains images representing a continuum from a very 
calm to an extremely agitated “explosive” state. Partici-
pant’s task is to indicate which manikin corresponds to 
their emotional experience. The SAM is an easy and 
quick way to assess the subjective emotional experience 
in different contexts (Bradley & Lang, 1994). In the pre-
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sent study, we used the arousal scale to track continuous 
changes in experienced arousal during listening of the 
stories. The valence scale was used after each text as a 
manipulation check.  

Changes in arousal are controlled by activation of the 
autonomic nervous system (ANS), typically indexed by 
physiological measures such as pupil size, galvanic skin 
response, or heart rate (Bradley, Miccoli, Escrig, & Lang, 
2008; Wang et al., 2018). In the present study we were 
interested in pupil size, which is controlled by two mus-
cles: the dilator and the sphincter (Steinhauer, Siegle, 
Condray, & Pless, 2004), which in turn are influenced by 
activity in the two parts of the ANS, the sympathetic and 
parasympathetic systems (Wang et al., 2018). Pupil size 
is further associated with the locus coeruleus – nore-
phinephrine (LC–NE) system, which is a major neuro-
transmitter system modulating general arousal and atten-
tion (Aston-Jones & Cohen, 2005). Prior research indi-
cates that the pupil dilates in response to the interest 
value of the pictures (Hess & Polt, 1960), and that emo-
tionally arousing stimuli, such as emotional pictures 
(Bradley et al., 2008) and sounds (Partala & Surakka, 
2003) induce pupil dilation when compared to emotional-
ly neutral stimuli.   

Pupil size is not only sensitive to emotional arousal 
but it also reflects the cognitive demands of a task (Beat-
ty, 1982). For example, the size of the pupil increases 
with the difficulty of the problem in a mental multiplica-
tion task (Hess & Polt, 1964) or with the number of items 
required for recall in a short-term memory task (Kahne-
man & Beatty, 1966). These early studies indicate that 
the pupil dilates relative to baseline levels due to increas-
es in cognitive processing load. More recent studies also 
show that pupil size can be modulated by attention (Al-
næs et al., 2014; Unsworth & Robison, 2017; van den 
Brink, Murphy, & Nieuwenhuis, 2016) and working 
memory even in the absence of visual stimulus presenta-
tion or anticipation (Zokaei, Board, Manohar, & Nobre, 
2019). These results propose that pupil dilation can be 
used as an indirect marker of cognitive load and possibly 
also cognitive engagement during task performance.  

Studies using pupillometry typically report task 
evoked pupillary responses (TERPs) under a variety of 
conditions and disregard dynamics in continuous pupil-
lary signals. Only a few earlier studies have analysed the 
nonlinear dynamics of the pupil signal (Mesin et al., 
2013; Usui & Stark, 1982). An interesting application of 

pupillometry is to analyze the scale-free dynamics of 
pupil size fluctuations, which reflect the brain state un-
derlying cognitive performance. Human cognitive and 
behavioral performance (Gilden, 2001; Gilden, Thornton 
& Mallon, 1995; Simola, Zhigalov, Morales-Muñoz, 
Palva J. M. & Palva S., 2017) as well as neuronal activity 
(Linkenkaer-Hansen, Nikouline, Palva & Ilmoniemi, 
2001; Palva J. M. & Palva S., 2018) is known to fluctuate 
in time scales from seconds to tens or hundreds of sec-
onds such that successive observations show similar 
outcomes more likely than expected by chance. These 
autocorrelations exhibit power-law distributed long-range 
temporal correlations (LRTCs). Power-law scaling be-
havior and LRTCs suggest that the underlying neural 
system operates near a critical state (Chialvo, 2010; 
Linkenkaer-Hansen et al., 2001). Operating near criticali-
ty provides an optimal processing capacity and flexibility 
in reconfiguration among possible states (Beggs, 2007; 
Chialvo, 2010; Deco & Jirsa, 2012). Strong LRTCs have 
been shown to parallel optimal cognitive flexibility, indi-
cating a functionally advantageous state (Simola et al., 
2017). In the present study, we used LRTC’s to examine 
differences between emotionally arousing and neutral 
texts, and to explore the cognitive underpinnings of story 
transportation.  

In addition to pupil size, eye movement recordings 
can be used to compute the number and frequency of 
spontaneous eye blinks, which have been found to reflect 
the cognitive demands of the task (see Stern, Boyer & 
Schroeder, 1994). For example, average blink rate during 
conversation is 26 blinks/min, whereas during reading it 
is only 4.5 blinks/min (Bentivoglio et al., 1997). Previous 
research suggests that blinking is inhibited when the task 
requires high cognitive engagement or attention, especial-
ly in the visual domain but also in other modalities 
(Bentivoglio et al., 1997; Holland & Tarlow, 1972; Stern 
et al., 1994). On the other hand, mind-wandering or zon-
ing out episodes are characterized by increased blinking, 
indicating that there is a relationship between blinking 
and (dis)engagement of attention (Smilek, Carriere, & 
Cheyne, 2010). Moreover, a brain imaging study showed 
that spontaneous blinks are associated with momentary 
inhibition of the dorsal attentional network, which con-
trols the allocation of attention, and with activation of 
default mode network (DMN) (Nakano, Kato, Morito, 
Itoi, & Kitazawa, 2013), which has been implicated in 
mind-wandering or zoning-out (Christoff, Irving, Fox, 
Spreng, & Andrews-Hanna, 2016). In a recent study on 
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viewing of emotional film clips (Maffei & Angrilli, 
2019), blink rate was negatively correlated with self-
reported interest: higher the interest, lower the blink rate. 
Based on these previous findings, it can be assumed that 
higher cognitive engagement with emotional stimuli 
reduces the frequency of blinks. 

Arousal and transportation during literary 
text reception 

Only a few previous studies on literary text reception 
have utilized measures that tap directly into the ANS 
activation. In a study by Wallentin et al. (2011), partici-
pants listened to a 21-minute recording of the story Ugly 
Duckling by H.C. Andersen and self-reported their emo-
tional arousal or valence for each line of the transcribed 
text. Another group of participants then listened to the 
same recording while their heart rate variability (HRV) 
was measured. The peaks in arousal ratings for different 
text segments correlated with observed changes in HRV, 
indicating that arousing story events triggered ANS acti-
vation in the story recipients.  

In a study on story transportation, Riese, Bauer, Lauer 
and Schact (2014) used pupillometry to examine emo-
tional reactions during listening of sections of The Rider 
on the White Horse by Theodor Storm and Effi Briest by 
Theodor Fontane. They collected suspense ratings fol-
lowing the procedure of Wallentin et al. (2011) to get a 
continuous measure of suspense across the story. Another 
group of participants then listened to the stories and rated 
them for different aspects of transportation, including 
emotional involvement. The results showed that the Rider 
on the White Horse was more suspenseful and induced 
higher emotional involvement than Effi Briest. The re-
sults of the pupil size analyses showed that in the end of 
the text sections there was a weak correlation (r=.25 for 
The Rider of the White Horse, and r=.21 for Effi Briest) 
between the continuous suspense rating and pupil size. 
These results suggest that suspenseful segments of liter-
ary stories induce higher ANS activation, as reflected in 
pupil size, which correlates with higher emotional in-
volvement with the text. 

Overview of the present study 
The purpose of the present study was twofold. First, 

we examined the emotional responses and cognitive en-
gagement during listening of emotional (horror) and 
neutral text excerpts. Second, we were interested in how 

transportation to the story world is reflected in the 
measures of emotional arousal and cognitive engagement. 
Participants listened to short stories containing either 
negatively valenced horror content or neutral excerpts 
taken from the same stories, while constantly tracking 
their arousal level. After each text, participants responded 
to a valence scale and a short form of the transportation 
scale (Appel et al., 2015). Eye tracking was used to 
measure pupil size and to detect blinks during story 
presentation. Mean pupil size across the story presenta-
tion was used as a measure of ANS activation, and two 
measures of cognitive engagement were employed: long-
range temporal correlations (LRTCs) in pupil size fluctu-
ations, and blink count.  

Based on the assumptions of the NCPM (Jacobs, 
2015), we predicted that literary descriptions of emotion-
ally provoking events produce an emotional arousal re-
sponse, as reflected in self-reports and pupil size. Moreo-
ver, emotional texts were expected to induce higher 
transportation, which should be associated with higher 
cognitive engagement (stronger LRTCs in the pupil data 
and reduced blink count) during story listening. 

Methods 
Participants 
Fourty-four University of Turku students participated 

in the experiment for partial course credit or a movie 
ticket. All participants signed an informed consent before 
the experiment. Participants were native speakers of 
Finnish (the language used in the materials) and reported 
no neurological disorders, substance use, or medication 
that would influence the central nervous system. Due to 
unexpected software crashes during recordings, data for 
five participants was lost, and the final dataset contained 
data from 39 participants (5 males), whose mean age was 
23.36 years (SD = 3.62years). 

Apparatus 
Pupil size was recorded with a desktop-mounted Eye-

link 1000+ (SR Research Ltd.) eye tracker using 500Hz 
sampling rate in the remote mode (for technical specifica-
tions of the eye tracker, see SR Research, 2017). Visual 
stimuli (i.e., arousal scale during story listening, and 
valence scale and transportation questions after listening, 
see below) were presented centrally on a 24-inch BenQ 
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XL2420Z LCD screen using 1920x1080 resolution and 
100Hz refresh rate. 

Materials 
Text materials consisted of 29 excerpts of Stephen 

King short stories translated to Finnish. In order to con-
trol for effects of emotional prosodic cues, audio files of 
the stories were created with text-to-speech software 
available in Microsoft Word, using female voice at nor-
mal reading speed. The excerpts were selected from the 
short stories written by Stephen King on the basis of their 
content: 12 texts included emotionally provoking (horror) 
content and 17 were neutral. One of the neutral texts was 
used in a practice trial in the beginning of the experiment. 
The original stories were edited to ensure that the ex-
cerpts were of comparable length while they would still 
describe a clear event or present a comprehensible part of 
a dialogue. The horror stories were on average 969 char-
acters (SD=82.33) and 149 words long (SD=13.24), and 
the neutral texts were on average 939 characters 
(SD=65.31) and 145 words long (SD=12.19). The mean 
duration of the audio files was 82.39 s (SD=6.80) for the 
horror, and 81.83 s (SD=5.44) for the neutral stories, 
respectively. 

The self-assessment mannikins (SAM, Bradley & 
Lang, 1994) were used to assess arousal and valence. 
SAM is a pictorial scale consisting of nine images pre-
senting a continuum from extremely calm to extremely 
aroused state in the arousal scale, and from extremely 
negative to positive mood in the valence scale. During 
presentation of the audio files, the arousal scale was pre-
sented on the computer screen and participants were 
asked to constantly track their arousal by pointing a red 
arrowhead controlled with mouse on the image that cor-
responded to their emotional state. When the text fin-
ished, the valence rating scale was presented on the 
screen, and participants were instructed to click on the 
image that matched their emotional state. The x-
coordinate of the mouse position/click on the screen was 
used as the measure of arousal and valence. 

Narrative transportation was measured after each text 
with transportation scale short form (TS-SF) (Appel et 
al., 2017). The scale consists of six items measuring 
general, cognitive, emotional and imaginative facets of 
narrative transportation (e.g., “I was mentally involved in 
the narrative while reading it”), and participants respond 
to statements on a scale from 1 to 7 (1=not at all, 7=very 

much). The original scale includes two items measuring 
the vividness of mental imagery separately for each of the 
story characters (e.g., “While reading the narrative I had a 
vivid image of Katie”). For practical reasons, we included 
only one general item on vividness of imagery (“While 
reading the narrative I had a vivid image of the story 
characters”), and thus the scale in the present study con-
sisted of five items. Items were presented one at a time on 
the computer screen and participants responded with 
keypresses on the numeric keyboard. Mean across the 
responses was computed and used as a measure of trans-
portation.  

Procedure 
The study protocol was approved by the ethics com-

mittee of the University of Turku. Participants signed the 
informed consent form upon arrival to the laboratory. 
Participants were then given headphones and written 
instructions were presented on a computer screen, in-
forming participants that they were going to listen to 
short stories, some of which may contain emotional con-
tent. They were told that we were interested in how they 
felt during story listening, and that their pupil size will be 
measured with an eye tracker. Participants were instruct-
ed to track their arousal during listening of the texts, and 
to respond to questions concerning their experience after 
each text. 

The specific instructions for the arousal tracking stat-
ed that the task was to evaluate how aroused the partici-
pant felt during listening of the stories. The nine SAM 
arousal images and a clearly visible red arrowhead denot-
ing the location of the mouse cursor were presented on 
the screen below the written instructions. In the instruc-
tions, participants were told that they can control the 
location of the red arrowhead with a mouse and that the 
arrowhead should be placed on the image that matches 
their arousal at a given moment. They were then instruct-
ed that images on the left represent a completely calm 
feeling whereas images on the right represent an extreme-
ly aroused state of mind. Finally, the instructions empha-
sized that the task is to use the red arrowhead to track 
possible changes in felt arousal during story presenta-
tion.  

After the arousal tracking instructions, instructions for 
responding to the valence rating task were presented. The 
nine SAM valence images were presented on the screen 
with a red arrowhead denoting mouse cursor, and partici-



Journal of Eye Movement Research Kaakinen, J. K. & Simola, J. (2020) 
13(3):6 Fluctuation in pupil size and spontaneous blinks 

  6 

pants were told that after story presentation they should 
indicate the valence of their emotional state induced by 
the text. Participants were told to place the red arrowhead 
on the image that matches their emotion and to click on 
the mouse as a response. They were then instructed that 
images on the left represent a very negative emotion, 
images on the right an extremely positive emotion, and 
that the image in the middle represents a completely 
neutral emotion. Finally, participants were told that after 
the valence rating they will answer some questions of 
how they experienced the text, and that responses are 
given with the numeric keys on the keyboard.    

After the instructions, the eye tracker was calibrated, 
and a neutral practice text was presented before the actual 
experiment. During practice trial participants rated their 
arousal, and responded to the valence and transportation 
scale after the text as in the actual experiment to familiar-
ize them with the procedure. The 28 experimental texts 
were presented via headphones in a randomized order. In 
the beginning of each text, the SAM arousal scale was 
presented on the screen, and participants were to click on 
the image indicating their current state of mind. After a 1 
second delay, the audio file started. After each text, the 
SAM valence rating and the TS-SF items were presented 
on the screen. The whole session lasted for about 1 hour. 

Results 
Data preparation 
Mouse coordinates recorded during the listening task 

were used as a measure of arousal. Two participants had 
misunderstood the instructions and were excluded from 
the analyses, and the final dataset for self-reported arous-
al contained data from 37 participants. Observations that 
did not fall within the screen area in which the SAM 
image was presented (x:540-1380pxls, y:470-610pxls) 
were excluded (3.25% of the original arousal rating data) 
and coded as missing data. The x-coordinate was taken as 
the value of arousal, and a mean per each second was 
computed for each text and each participant. 

From the pupil size data, blinks were identified using 
the Eyelink parser blink detection algorithm (SR 
Research, Ltd. Ontario, Canada), which identifies blinks 
as periods of loss in pupil data. Saccades were also 
identified using Eyelinks’s algorithm. Mean pupil size 
per each second of the audio file was then computed to 

examine the overall changes in pupil size during listening 
of the texts. Blink count per text was based on the 
number of consecutive samples marked as blinks by the 
Eyelink algorithm, excluding sequences that were shorter 
than 100ms or longer than 500ms. These data were 
available from 39 participants.  

In order to examine the dynamics of the pupil size 
fluctuations, raw pupil size data were preprocessed using 
custom scripts and third party toolboxes in MATLAB 
version 9.6 based on criteria previously used by Fink et 
al. (2018). Samples consisting of blinks or saccades were 
set to NaN, as was any sample that was 4 arbitrary units 
greater than the preceding sample. A window of 25 
samples (50ms) was used around all NaN events to 
remove edge artifacts. Missing pupil data were linearly 
interpolated. Trials requiring 50% or more interpolation 
were discarded from further analysis (see Franklin et al., 
2013), which equated to 39% of the data (all data of one 
participant had to be excluded on this basis). Finally, the 
pupil data were downsampled to 50 Hz. To examine 
dynamics of scale-free pupil size fluctuations, we 
estimated their long-range temporal correlations (LRTCs) 
using power-law exponent from detrended fluctuations 
analysis (DFA) (Hardstone et al., 2012; Peng, Havlin, 
Stanley & Goldberger, 1995). DFA was applied to the 
time series of preprocessed pupil size data in two stages. 
First, time series X(k) was normalized to zero mean and 
the cumulative sum of the signal was computed. The 
integrated signals from each trial were then segmented 
into multiple time windows Δt from 10 to 50–80 s (length 
multiplier 1.1). The maximum window length varied 
from trial to trial depending on the audio file length, 
which ranged from 71.10 to 92.80 s with a mean of 83.35 
s (SD=5.82). Second, each segment of integrated data 
was locally fitted to a linear function yΔt(k) and the mean-
squared residual F(Δt) was computed. The power law 
scaling exponent β was defined as the slope of linear 
regression of the function F(Δt) plotted in log–log 
coordinates, estimated using a least-squares algorithm. 
The final dataset of the power law scaling exponents 
contained data from 38 participants. 

Valence rating was the x-coordinate of the mouse 
click recorded during the valence rating task after each 
text. A mean score for transportation was computed on 
the basis of the participant responses (on a scale 1-7) to 
the TS-SF items. Valence and transportation ratings were 
available from 39 participants. 
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Statistical analyses 
The data were analyzed with (generalized) linear 

mixed models using the lme4 package (Bates, Maechler, 
Bolker & Walker, 2015) for R statistical software (R 
Core Team, 2018). Blink count was analyzed with a 
generalized linear mixed model using Poisson 
distribution. All other measures were analyzed with linear 
mixed models (lmm’s) using REML estimation. Results 
for the SAM scale measures (arousal and valence) were 
double-checked with cumulative linked mixed models for 
measures transformed from the raw x-coordinates to 
ordinal scale (1-9); as the results were similar as in the 
lmm’s, the analyses of the original measures are reported. 
Two sets of analyses were conducted: 1) Comparisons 
between horror and neutral texts, and 2) analyses to 
examine the association between transportation and the 
dependent variables (DVs). Separate models for each DV 
were computed. 

The models comparing arousal and mean pupil size 
(DV’s) during listening of horror and neutral texts were 
of the form: 

DV ~ Text type * Time + (Text type * Time | 
Participant) + (Time | Item) 

Text type (coded using sum contrast), time (centered), 
and their interaction term were included as fixed effects. 
Random intercepts for participants and items and the 
random slopes for all fixed effects, including the 
interaction term at the level of participants, were included 
in the random part of the models. 

There was only one observation per text for each 
participant for valence, blink count, and power law 
scaling exponent (β), and thus the models for 
comparisons between horror and neutral texts for these 
DV’s were of the form: 

DV ~ Text type + (Text type | Participant) + (1 | Item) 

The second set of analyses examined how 
transportation was reflected in the dependent measures 
during and after story listening. The models for arousal 
and mean pupil size (DV’s) were of the form: 

DV~ Transportation * Time + (Transportation * Time 
| Participant) + (Transportation * Time | Item) 

In the models, transportation rating (centered), time 
(centered), and their interaction term were included as 
fixed effects. Random intercepts for participants and 

items and the random slopes for all fixed effects, 
including the interaction terms, were initially included in 
the random part of the models. However, for pupil size 
the random slope for the interaction term at the item level 
was dropped from the final model due to 
overidentification. 

For blink count and power law scaling exponent (β), 
the initial models were of the form: 

DV ~ Transportation + (Transportation | Participant) 
+ (Transportation | Item) 

 For β the full model proved singular, and the model 
was trimmed by removing the random effect with the 
smallest variance component until an acceptable model 
was reached. The final model included only a random 
intercept and slope of transportation at the participant 
level. 

Differences between horror and neutral texts 

We first examined the impact of text type on 
measures recorded during the course of listening. Horror 
texts induced overall higher self-reported arousal than 
neutral texts, b = 54.15, 95%CI = [32.63,75.67], SE = 
10.98, t = 4.93. There was also an overall increase in 
reported arousal across time, b = 33.92, 95%CI = 
[22.80,45.05], SE = 5.68, t = 5.98. More importantly, 
there was an interaction between elapsed time and text 
type, b = 28.17, 95%CI = [15.39,40.94], SE = 6.52, t = 
4.32, indicating that the increase in arousal depended on 
text type. The nature of this interaction is evident in 
Figure 1: there is a steep rise in self-reported arousal 
during listening of horror texts whereas there is 
practically no change in arousal during listening of 
neutral texts. 

Mean pupil size was overall larger during listening of 
horror than neutral texts, b = 3.29, 95%CI = [1.20,5.37], 
SE = 1.06, t = 3.09. The pupil size decreased during the 
presentation of the text, b = -4.61, 95%CI = [-6.27,-2.95], 
SE = .85, t = -5.45, but more importantly, there was an 
interaction between time and text type, b = 1.53, 95%CI 
= [.35,2.71], SE = .60, t = 2.55. As can be seen in Figure 
2, this interaction reflects that the decrease of pupil size 
during listening is steeper for neutral than for horror 
stories. 
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Figure 1. Model estimates for self-reported arousal. The 

scale on the y-axis is presented in discrete values corresponding 
to the SAM scale images (1 = calm, 9 = extremely agitated) for 
the sake of clarity. Shaded areas represent 95% confidence 
intervals. 

 

 
Figure 2. Model estimates for pupil size. Shaded areas 

represent 95% confidence intervals. 

 

The analysis of the scaling exponents, β, obtained 
from the detrended fluctuation analysis (DFA), did not 
reveal differences in the LRTCs of pupil size fluctuations 
between horror (M = .94, SD = .25) vs. neutral texts (M = 
.93, SD = .14) (average goodness of fit, r2 = .85, SD = .14 
and r2 = .87, SD = .07, respectively), t < 1. There were no 
differences in blink count during listening of horror (M = 
40.15, SD = 25.29) and neutral texts (M = 40.76, SD = 
22.53), z < 1. 

Finally, we examined the ratings given after listening 
to each text. The texts differed in emotional valence: 
neutral texts were rated as more positive (M = 1013.81, 
SD = 54.18) than horror texts (M = 800.32, SD = 86.84), 
b = 106.75, 95%CI = [88.26,125.24], SE = 9.43, t = 
11.32, confirming that our manipulation worked (see 
Figure 3). Neutral texts were rated as neutral, whereas 
horror texts were rated as unpleasant. Moreover, horror 
texts induced higher transportation (M = 4.15, SD = .90) 
than neutral texts (M = 3.44, SD = .73 ), b = .35, 95%CI = 
[.18,.53], SE = .09, t = 4.05 (see Figure 4). 

 
Figure 3. Model estimates for valence ratings. The scale on 

the y-axis is presented in discrete values corresponding to the 
SAM scale images (1 = extremely unpleasant, 9 = extremely 
pleasant) for the sake of clarity. Error bars represent 95% 
confidence intervals. 

 

 
Figure 4. Model estimates for transportation ratings. Error 

bars represent 95% confidence intervals.  
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Effects of transportation 
As was already indicated in the text type analyses, 

self-reported arousal linearly increased across time, b = 
32.79, 95%CI = [13.61,51.97], SE = 9.79, t = 3.35. 
Arousal was also slightly overall higher if the experi-
enced transportation was high, b = 16.72, 95%CI = [-
.21,33.64], SE = 8.63, t = 1.94. More importantly, there 
was an interaction between time and transportation, indi-
cating that the increase in arousal depended on the level 
of transportation, b = 12.95, 95%CI = [1.31,24.59], SE = 
5.94, t = 2.18. As is evident in Figure 5, higher the trans-
portation, steeper the slope in experienced arousal. 

 
Figure 5. Model estimates for self-reported arousal. The 

scale on the y-axis is presented in discrete values corresponding 
to the SAM scale images (1 = calm, 9 = extremely agitated) for 
the sake of clarity. The different lines represent model estimates 
at transportation scores 1SD below the mean, at the mean, and 
at 1SD above the mean. Shaded areas represent 95% confidence 
intervals. 

 
Figure 6. Model estimates for LRTC scaling exponents (β) 

from the DFA of pupil size fluctuations. The shaded area 
represents 95% confidence interval. 

 

As was already seen in the text type analyses, mean 
pupil size decreased across time, b = -5.07, 95%CI = [-
6.92,-3.21], SE = .95, t = -5.36. However, there was no 
evidence for an overall effect of transportation or 
interaction, t’s < 1. Instead, transportation was a 
significant predictor of the LRTC scaling exponents, β, 
from the DFA, b = .04, 95%CI = [.0006,.07], SE = .02, t 
= 1.99, indicating that higher transportation was 
associated with greater LRTCs in pupil size during story 
listening (see Figure 6). 

Finally, the analysis of the blink count (see Figure 7) 
indicated that high transportation was related to reduced 
blinking, b = -.04, 95%CI = [-.08,-.008], SE = .02, z = -
2.46. 

 
Figure 7. Model estimates for blink count. The shaded area 

represents 95% confidence interval. 

Discussion 
The goal of the present study was twofold. First of all, 

we examined differences between horror and neutral texts 
in emotional and cognitive processing by collecting sub-
jective reports of experienced arousal, valence and trans-
portation, as well as by analysing changes in the mean 
pupil size, LRTCs of pupil size fluctuations and blink 
count during story listening. Second, we were interested 
in the emotional and cognitive underpinnings of transpor-
tation, and examined the associations between experi-
enced transportation and arousal, pupil size, LRTCs, and 
blink count.   
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The comparisons between horror and neutral texts 
showed that emotional arousal steadily increased during 
exposure to horror stories, as indicated by both the self-
reported arousal measure and the mean pupil size, where-
as there was practically no change (in self-reported 
arousal) and even a decline in arousal for neutral texts as 
indexed by the steeper decrease of pupil size over time. 
The overall decrease in pupil size observed across the 
listening task indicates that there is an orienting response 
in the beginning of text, which wears off across time (for 
time-on-task effects, see e.g., van den Brink et al., 2016). 
Our interpretation of the smaller decrease in pupil size for 
the horror texts than for the neutral texts is that horror 
stories induce more ANS activation (i.e., arousal) than 
neutral texts. The present results are in line with a previ-
ous study on literary reception by Wallentin et al. (2011), 
which demonstrated that segments of Ugly Duckling that 
were rated as highly arousing also induced higher ANS 
activation, as measured by HRV. Moreover, the present 
results indicated that in addition to inducing higher 
arousal, horror texts also produced higher transportation 
than neutral texts. These findings are in line with the 
NCPM (Jacobs, 2015) by demonstrating that horror texts 
induce a stronger emotional arousal reaction, as well as 
higher transportation, than neutral texts. 

As pupil size is sensitive to both emotional arousal 
and cognitive effort, the present results could also be 
interpreted as horror texts inducing higher cognitive load 
than neutral texts. However, the lack of text type effects 
on blink count suggests that the effects on the mean pupil 
size here are more likely to reflect emotional arousal than 
cognitive effort. Thus, we obtained little evidence show-
ing that horror texts would increase overall cognitive 
engagement with the text.  

The analyses of the transportation effects indicated 
that higher transportation was associated with a steeper 
increase in self-reported arousal during story presenta-
tion, stronger LRTCs, and reduced blink count. These 
results imply that transportation is characterized by 
changes in experienced arousal and higher cognitive 
engagement. The lack of transportation effects on the 
mean pupil size suggest that transportation might not be 
associated with emotional ANS activation – rather, trans-
portation seems to invite more efficient or fluent cogni-
tive processing, as indicated by the LRTCs and blink 
count. In line with previous research (Bentivoglio et al., 
1997; Holland & Tarlow, 1972; Stern et al., 1994), the 

reduced blink count during higher transportation specifi-
cally implicated the relationship between cognitive en-
gagement and transportation. Our results thus suggest that 
the mean pupil size and LRTCs of pupil size fluctuations 
tap into different processes during story listening, as the 
mean pupil size over time differentiated between the 
emotional valence of the stories while LRTCs correlated 
with the story transportation. Similarly, Simola et al. 
(2017) found that LRTCs in response time (RT) time 
series were uncorrelated with the mean and SD of RTs in 
a Go/NoGo task (see also Mesin et al., 2013). These 
findings are generally in line with the NCPM (Jacobs, 
2015), which posits that high immersion is characterized 
by fluent processing. 

In a previous study by Riese and colleagues (2014) 
pupil size correlated with ratings of suspense, which is 
one of the core aspects of transportation. This is some-
what in disagreement with the present results, as we did 
not find evidence for an association between pupil size 
and transportation. However, the observed correlations in 
Riese et al. were weak, and only appeared towards the 
end of the texts. The present study differs from the Riese 
et al. study in that we utilized a general measure of trans-
portation, containing items on cognitive, emotional and 
imaginative facets of transportation, instead of looking at 
suspense specifically. Another difference is that we used 
multiple shorter texts (145-149 words long), whereas 
Riese et al. used two longer sections (1362-1418 words 
long) taken from novels, one from a suspenseful and 
another from a neutral novel. One possible explanation 
for the different results is that suspense is more specifi-
cally related to physiological arousal than a “general” 
experience of transportation, which could be why Riese 
et al. observed a correlation with pupil size and we did 
not. It should also be noted that Riese et al. only reported 
correlations between suspense ratings and pupil size and 
did not report whether there was an overall difference 
between the suspenseful and neutral texts, or whether the 
pupil size changed differently during listening of the 
texts, leaving open the question of whether text’s emo-
tional tone plays any role in the build-up of arousal dur-
ing literary reception. 

The present study demonstrates that pupillometric 
variables can be used to study literary experiences, and 
that different measures tap into emotional arousal and 
transportation. Pupil size correlated with emotional 
arousal triggered by text content, whereas the LRTCs of 
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pupil size fluctuations and blink count correlated with 
transportation, implying that transportation is character-
ized by processing fluency and/or higher cognitive en-
gagement. Stronger LRTCs have previously been linked 
to enhanced cognitive performance (Simola et al., 2017), 
indicating a functionally advantageous state of improved 
cognitive flexibility. The current results further build up 
on earlier work positing a relationship between pupil size, 
the LC–NE system and task engagement (Jepma & 
Niewenhuis, 2010).  It is noteworthy that we observed 
correlations with transportation even using relatively 
short time-series. Future studies could look at the power 
law scaling exponents for pupil size fluctuation across 
longer time series, such as for whole chapters of novels 
(as in Riese et al., 2014). We expect that the association 
between transportation and the LRTC scaling exponents 
should be even stronger when the immersed state lasts for 
a longer time.  

Reduced blink count has been shown to be indicative 
of higher cognitive engagement (Bentivoglio et al., 1997; 
Holland & Tarlow, 1972; Stern et al., 1994) and self-
reported interest in emotional stimuli (Maffei & Angrilli, 
2019). On the other hand, zoning-out or mind-wandering 
has been linked to higher blink count, indicating that 
increased blinking reflects drifting of attention away from 
the task (Smilek et al., 2010). Spontaneous blinks have 
been associated with momentary inhibition of the dorsal 
attentional network that mediates the allocation of atten-
tion, and with activation of DMN (Nakano et al., 2013), 
which has been implicated in mind-wandering or zoning-
out (Christoff et al., 2016). The present results thus pro-
vide evidence for a positive link between story transpor-
tation and cognitive engagement: higher transportation is 
related to higher engagement. However, future studies 
should include a measure of experienced cognitive load 
as a more concrete basis for the differentiation between 
cognitive and emotional influences on the pupillary sig-
nal.  

In sum, the present study demonstrates that highly 
arousing horror texts are also more likely to induce trans-
portation. During an immersive literary experience the 
cognitive capacities are highly focused on the text (e.g., 
Green & Brock, 2000), resulting in a state of improved 
cognitive flexibility characterized by fluency and in-
creased cognitive engagement. 
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