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A B S T R A C T
Fiction reading is a popular leisure activity associated with a variety of plea-
surable experiences, including suspense, narrative transportation, and— as 
indicated by recent empirical studies— also flow. In the context of fiction 
reading, flow—generally defined as a pleasurable state of mind experienced 
during an optimally stimulating activity—is specifically related to an opti-
mal balance between text- driven challenges and the reader’s capabilities in 
constructing a mental story model. The experimental study reported here 
focused on the psychophysiological underpinnings of flow in the reading con-
text. Cardiovascular data were collected from 84 participants both during 
a relaxation baseline prior to reading and during reading. Participants were 
randomly assigned to read one of three versions of a chapter from Homer’s 
Odyssey. According to statistical readability indices, these versions were low, 
intermediate, or high in readability, and hence in cognitive challenge. Flow 
was measured immediately after reading with a self- report scale that was 
tailored to assess reading- specific flow experiences. Regression analyses re-
vealed that cardiovascular activation patterns measured before reading that 
are reflective of parasympathetic dominance— that is, an inner state associ-
ated with relaxation and cognitive fluency— moderated flow experiences dur-
ing reading. In line with the stipulations of flow theory in regard to matching 
challenge levels being the key determinant for flow, this pattern supported 
subsequent flow experiences only in response to text versions of high or in-
termediate, but not of low cognitive challenge. Differences in cardiac vagal 
tone during reading were, however, not sensitive to our experimental modi-
fications and not predictive of flow experiences.

In his essay Moments during Reading (1932), the German journalist 
and writer Kurt Tucholsky noted:

At times, oh joyous moments, you immerse yourself in a book so deeply that you 
completely disappear into it –  you cease to exist. Heart and lungs are functioning, 
your body steadily does its inner factory work –  you don’t feel it. You know noth-
ing of the world surrounding you, you don’t hear a thing, you don’t see a thing, 
you read. You are under the spell of a book.” (Tucholsky, 1932, p. 573)

As illustrated by this quote, positive reading experiences are typically 
characterized by a state of deep involvement with the fictional world. To 
achieve this, the reader needs to construct a vivid mental model of the text 
(see McNamara & Magliano, 2009, for an overview over mental model 
theories in reading research). This task requires considerable mental effort, 
as the reader has to parse the text to gather information, integrate it with 
his or her pre- existing cognitive schemata, and form appropriate mental 
representations (Buselle & Bilandzic, 2008). According to the event- index 
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model theory (Zwaan, Langston, & Graesser, 1995; Zwaan & 
Radvansky, 1998), these mental representations are then 
stored in situation models (van Dijk & Kintsch, 1983; Zwaan 
& Radvansky, 1998) that are organized along the dimen-
sions of time, space, protagonists, causality, and intentional-
ity. Yet, as Tucholsky describes, during a positive reading 
experience, the reader is oblivious to these mentally 
demanding processes that underlie what is subjectively per-
ceived as a purely pleasurable and relaxing activity (Buselle 
& Bilandzic, 2009; Green, Brock, & Kaufman, 2004; Nell, 
1988).

Reading research has proposed a plethora of theoreti-
cal concepts in relation to positive reading experiences, 
with immersion (Murray, 1997), presence (Gerrig, 1993), 
narrative transportation (Green et al., 2004), narrative 
engagement (Buselle & Bilandzic, 2009), and story world 
absorption (Kuijpers, 2017) being the most prominent 
ones. Whereas immersion and presence both refer to a 
sense of being in the story world, the latter three involve 
imaginary as well as attentional, cognitive, and emotional 
components. Beyond their differences in regard to partic-
ular aspects of readerly involvement, all these concepts rely 
on the reader’s successful construction of a vivid, multifac-
eted mental model of the story. This close link between the 
way a narrative is experienced and processed is also illus-
trated by findings from narrative persuasion research: For 
instance, readers who experience more transportation into 
a story world are at the same time more prone to process-
ing the text less critically (Appel & Richter, 2007; Green, 
Garst, Brock, & Chung, 2006).

Notwithstanding, the rich theory behind pleasurable 
reading experiences, the above- mentioned concepts all 
focus primarily on experiential outcomes of mental story 
models; it has remained largely unclear how the mental 
story model construction itself becomes a pleasurable 
experience instead of a strenuous one. Motivational psy-
chology, however, offers a general explanation for the co- 
occurrence of effort and enjoyment in activity engagement: 
flow (Csikszentmihalyi, 1975). Flow is defined as an intrin-
sically enjoyable state of complete engagement with an 
activity that occurs as a function of perceived balance 
between one’s skills and the activity’s challenge level. 
Accordingly, the flow channel model (Csikszentmihalyi, 
1975), which has found substantial empirical support (see 
Fong, Zaleski, & Leach, 2015, for an overview), ties flow to 
activities with a high, but not excessive challenge level. 
Flow experiences that emerge in those optimally challeng-
ing activity contexts are characterized by nine experiential 
phenomena, called flow components: (1) merging of action 
and awareness, (2) heightened focus of attention, (3) loss 
of self- awareness, (4) altered sense of time, (5) feeling of 
competence, (6) perception of coherent demands, (7) clar-
ity of goals, (8) unambiguous understanding of activity 
feedback, and (9) intrinsic enjoyment (Csikszentmihalyi, 
1975; Jackson & Marsh, 1996). Taken together, these 

components account for a high degree of absorption, flu-
ent processing, and enjoyment in engagement with a chal-
lenging task (Rheinberg, Vollmeyer, & Engeser, 2003).

Primarily, flow has been studied in physical and com-
petitive activities such as sports or gaming. Recent flow 
research, however, has expanded to mental activities as well. 
Fiction reading, specifically, has been linked to flow repeat-
edly both in theoretical discourse (e.g., Buselle & Bilandzic, 
2008, 2009; Green et al., 2004) and in empirical studies 
(Massimini, Csikszentmihalyi, & Delle Fave, 1988; McQuil-
ian & Conde, 1996; Thissen, Menninghaus, & Schlotz, 
2018). In this context, some of the fluency- related flow 
components require a reading- specific adaptation (Thissen, 
Menninghaus, & Schlotz, 2020). Given that in a mental 
activity like reading, goals are internally rather than exter-
nally defined and engagement is cognitive rather than 
physical, flow components (5) to (8) are best understood in 
terms of mental story model construction processes: If the 
reader is able to adapt, alter, and expand his or her mental 
story model by integrating new information from the text 
successfully, an experience of competence, coherence, and 
clarity emerges, cumulating in high processing fluency, and 
ultimately in flow. High processing fluency during a flow 
experience should, in turn, render the construction of a 
vivid, elaborate mental story model more likely, thereby lay-
ing the groundwork for other narrative- driven aspects of a 
pleasurable reading experience. This way, flow may serve as 
the most basic mechanism underlying reading pleasure and 
play a mediating role between the actual activity of con-
structing a mental story model and potential experiential 
outcomes such as narrative transportation. In regard to sus-
pense, identification, and cognitive involvement, prelimi-
nary evidence for such a mediation effect has already been 
found (Thissen, Menninghaus, & Schlotz, 2020). Therefore, 
integrating the flow concept into a theoretical framework 
of reading could advance the capability of reading research 
to understand, predict, and promote the occurrence of pos-
itive reading experiences.

The methods most commonly used in reading 
research, such as having readers think aloud (e.g., Miall & 
Kuiken, 1999) or give retrospective self- reports through 
interviews (e.g., Ross, 1999) or in questionnaires (e.g., 
Buselle & Bilandzic, 2009), can, however, only provide lim-
ited insight into flow: They either interrupt the reading 
process itself or merely focus on subsequent evaluations of 
the reading experience. To overcome these limitations, 
such methods should be combined with psychophysiolog-
ical measures that are independent of self- awareness, 
memory effects, and self- report biases such as social desir-
ability (Potter & Bolls, 2012). Psychophysiological mea-
sures seem well suited for reading research, all the more so 
as general methodological difficulties of psychophysiology 
such as distorting influences of physical effort or interfer-
ence between measurement acquisition and activity 
engagement play only a minor role in this context.
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To date, however, psychophysiological measures have 
scarcely been applied in reading research. To start with, 
their successful application requires a theoretical link 
between a physiological signal and a psychological state as 
well as a rigid experimental design to control for variability 
in the signal caused by sources unrelated to this state 
(Cacioppo, Tassinary, & Berntson, 2007). The critical 
degree of vagueness and overlap between the established 
reading concepts (Buselle & Bilandzic, 2009) has, however, 
rendered both theoretical links to psychophysiology and 
experimental manipulations problematic (Willems & 
Jacobs, 2016). For instance, in one of the few psychophysi-
ological studies on reading experiences published so far, 
Sukalla, Bilandzic, Bolls, and Busselle (2015) tested the 
validity of a self- report scale for narrative engagement in 
terms of psychophysiological correlates. Yet, two of the 
four subdimensions of the scale were not investigated, as a 
viable experimental manipulation approach and theoreti-
cal associations with physiological signals were unclear for 
them. Building on the flow channel model as well as on 
psychophysiological findings, the present study was aimed 
at demonstrating that flow states can, in contrast, be suc-
cessfully studied in readers by combining self- reports and 
psychophysiological measures.

To establish a rigid experimental design, flow research-
ers frequently resort to the flow channel model and accord-
ingly manipulate an activity’s challenge level (Moller, Meier, 
& Wall, 2010). The most common experimental paradigm 
involves a flow condition, in which demands match partici-
pants’ skills, as well as an overload control condition with 
excessive demands and a boredom control conditions with 
minimal demands. Three strategies are commonly used for 
matching demands in the flow condition: the creation of 
an intermediate demand level (e.g., Rheinberg et al., 2003), 
a continuous adaptation of demands to the participant’s 
performance (e.g., Keller & Blomann, 2008), and an assign-
ment to a certain demand level according to the partici-
pant’s pre- assessed skill level (e.g., Moller, Csikszentmihalyi, 
Nakamura, & Deci, 2007).

In reading contexts, however, dynamically adapting a 
text to the reader seems hardly feasible. Similarly, pre- 
assessing reader skills in a manner that is precise enough 
to assign readers to matching texts is not only difficult to 
do, but also falls short of acknowledging factors other than 
reader skills that influence whether readers perceive a text 
as optimally matching for themselves or not. To experience 
flow during reading, the complex interplay of content, sty-
listic features, and composition that forms the narrative 
has to optimally match the many reader variables that 
shape the reader response, such as cognitive skills, interest, 
familiarity, and personal preferences. Hence, a more differ-
entiated consideration of optimal challenge is required: 
Challenge in the context of reading rather refers to felt 
stimulation and depends on various factors other than 
demands and skills only.

In light of these considerations, we opted for pre- 
selecting readers with regard to their previous self- reported 
flow experiences with a certain narrative. The underlying 
rationale was: When these readers are presented with 
another excerpt from the very narrative that had previ-
ously proven to be optimally stimulating for them, the 
chance of experiencing flow again should be relatively 
high. Because cognitive challenge constitutes one of the 
factors that determine the narrative’s overall stimulation 
level, text versions of it with suboptimal challenge levels 
could then serve as control conditions with a diminished 
chance for flow as compared to the original. One potential 
way to operationalize cognitive challenge for this purpose 
is to focus on stylistic text demands only while keeping the 
content constant and thus the narrative itself comparable. 
The linguistic concept of readability affords a number of 
indices that quantify text demands with regard to the text’s 
vocabulary and syntactic complexity. Readability is defined 
as “the ease of understanding or comprehension due to the 
style of writing” (Klare, 1963, p. 3) and can be approxi-
mated through text features such as the number of words 
per sentence or the number of syllables per word. Thus, a 
reasonable approach to implement control and flow con-
ditions in a reading experiment, is to present three text ver-
sions (with low, intermediate, or high readability) of a 
narrative that has proven to be generally flow conducive 
for the reader sample at hand. Notably, this approach dif-
fers from the experimental paradigms in general flow 
research in that the likelihood for flow in the control con-
ditions could still be relatively high due to content- related 
stimulation and readers’ individual capabilities and dispo-
sitions. However, since readability holds great advantages 
over other text demand factors in terms of measurability, 
we decided to test whether and in how far this approach is 
still useful.

To formulate testable psychophysiological hypotheses 
for flow during reading, we focused on the theoretical link 
between activation in the parasympathetic nervous sys-
tem (PSNS) and flow states during mental activities. The 
PSNS is the branch of the autonomic nervous system that 
is active during resting states and inner relaxation. The 
reciprocal branch, the sympathetic nervous system (SNS), 
is active during quick mobilizations of energy and height-
ened arousal (Cacioppo et al., 2007). Whereas the SNS 
responds to high levels of cognitive challenge and stress 
(Callister, Suwarno, & Seals, 1992), fluent processing in 
case of optimal mental stimulation is likely to be facili-
tated under PSNS dominance. Specifically, PSNS activa-
tion reflects the allocation of mental resources to the 
cognitive processing of surrounding stimuli (Potter & 
Bolls, 2012). Notably, this also holds for the cognitive pro-
cessing of media stimuli (Wise, Bolls, Myers, & Sternadori, 
2009). More efficient energy exchange (Grossman & Tay-
lor, 2007), better information encoding (Park & Thayer, 
2014), sustained attention (Luque- Casado, Perales, 
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Cárdenas, & Sanabria, 2016), heightened focus (Wu & Lo, 
2008), successful emotion regulation (Park & Thayer, 
2014), and social cognition (Porges, 2011) have all been 
linked to PSNS dominance. Since these cognitive pro-
cesses also play a role in constructing mental story mod-
els, PSNS dominance might be associated with their 
particularly fluent construction. Moreover, PSNS domi-
nance is the psychophysiological equivalent of the height-
ened feelings of relaxation that are characteristic for 
positive reading experiences (Clark & Rumboldt, 2006; 
Nell, 1988). Importantly, emotional reader responses that 
might activate the SNS (Potter & Bolls, 2012) are tempo-
rally limited to specific parts of the story. Therefore, PSNS 
dominance should outweigh temporary SNS responses to 
the text when the psychophysiological signal is aggregated 
over the course of the reading phase.

To assess PSNS activity during reading, we employed 
cardiovascular measures that indicate cardiac vagal tone. 
The vagus nerve represents the most important parasym-
pathetic connection between the heart and the brain. As 
illustrated in the neurovisceral integration model (Thayer, 
Hansen, Saus- Rose, & Johnsen, 2009; Thayer & Lane, 
2009), high vagal tone reflects PSNS dominance and is 
associated both with fluent cognitive processing in pre-
frontal brain areas and with a distinct cardiovascular acti-
vation pattern. This pattern is characterized by a low heart 
rate (HR) and a high heart rate variability (HRV). The HR 
refers to the number of heart beats per minute (bpm), 
informs about both PSNS and SNS input, and is obtained 
by extrapolating intervals between adjacent positive 
deflections (so- called R spikes) in an electrocardiogram 
(ECG). The HRV, on the other hand, reflects the temporal 
variability between heart beats, provides more detailed 
information on PSNS activity only, and can be obtained 
computing the root mean square of successive differences 
(RMSSD) in the length of intervals between R spikes in an 
ECG (Malik et al., 1996). For further information on the 
measurement, interpretation, and use of these measures, 
please see Cacioppo et al. (2007) and Gramann and Schan-
dry (2009) for HR, as well as Laborde, Mosely, and Thayer 
(2017), Malik et al. (1996), and Shaffer and Ginsberg 
(2017) for HRV- RMSSD.

To date, flow research involving cardiovascular mea-
sures has produced mixed results (see Knierim, Rissler, 
Dorner, Maedche, & Weinhardt, 2018, for an overview). 
Whereas some evidence points to SNS dominance during 
flow (Bian et al., 2016; De Manzano, Theorell, Harmat, & 
Ullén, 2010; Gaggioli, Cipresso, Serino, & Riva, 2013; Keller, 
Bless, Blomann, & Kleinböhl, 2011), other studies have 
identified heightened PSNS activation during flow in the 
form of a decreased HR (Drachen, Nacke, Yannakakis, & 
Pedersen, 2010) and increased HRV (Léger, Davis, Cronan, 
& Perret, 2014; Peifer, Schächinger, Engeser, & Antoni, 
2015; Tozman, Magdas, MacDougall, & Vollmeyer, 2015). 
However, these studies have investigated mostly physical 

activities of widely divergent kind. Therefore, it is not clear 
which of these findings, if any, might be informative for 
reading research.

Against this background, we opted to take the known 
associations between PSNS dominance and fluent cogni-
tive processing as well as felt relaxation as the starting 
point for our study. To test whether PSNS dominance 
underlies the fluent, seemingly effortless construction of 
mental story models that is accompanied by a flow experi-
ence during reading, we measured PSNS- driven vagal tone 
in the ECG signal both prior to and during reading. This 
way, we could not only test whether or not PSNS domi-
nance is associated with flow during reading at all, but also 
in which specific form: as a person- dependent variable 
that moderates the occurrence of flow during reading in 
interaction with the text, or as a direct indicator for the 
occurrence of flow that changes in response to readers’ 
flow experiences.

In case PSNS dominance represents a moderating 
variable for the occurrence of flow during reading, it 
should be interpreted as a determining factor on part of 
the reader that interacts with textual factors in creating an 
optimal stimulation level for the reader. Based on what is 
known about the cognitive and experiential consequences 
of PSNS dominance, readers with high cardiac vagal tone 
prior to reading (i.e., PSNS dominance), should be more 
prone to subsequently experiencing flow during reading, 
specifically when presented with a cognitively challenging 
text: Their PSNS dominance should allow them to opti-
mally approach the text by fluently processing it and 
remaining relaxed. Therefore, these readers should also be 
more likely to experience the construction of the mental 
story model as optimally stimulating rather than exces-
sively demanding. Accordingly, our first hypothesis was 
that self- reported flow experiences during reading can be 
predicted by an interaction between readers’ cardiac vagal 
tone prior to reading and the text’s cognitive challenge 
level, as operationalized by readability: The lower the 
text’s readability, the stronger the positive association 
between flow and high cardiac vagal tone prior to reading 
(i.e., low HR as well as high RMSSD values) should turn 
out to be.

In case PSNS dominance rather represents an indica-
tor for flow during reading, it would be a psychophysiolog-
ical response to and effect of experiencing flow during 
reading. In this case, readers with high cardiac vagal tone 
during reading should generally be more likely to report 
flow experiences. Prompted by the subjective effortless-
ness and heightened processing fluency in constructing 
the mental story model under optimally stimulating read-
ing conditions, the cardiovascular activation pattern of 
those readers who experience flow would change toward 
PSNS dominance. Hence, high cardiac vagal tone (i.e., 
PSNS dominance) as measured during reading could also 
differentiate readers who experience flow from those who 
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do not. Accordingly, our second hypothesis was that self- 
reported flow experiences during reading can be predicted 
by readers’ cardiac vagal tone during reading: Controlling 
for baseline, their PSNS activity should go up (i.e., HR 
should decelerate and RMSSD values should increase) in 
association with their flow experiences during reading 
across all reading conditions.

Methods
Participants
A total of 94 readers participated in the experiment. All 
participants were pre- selected based on their reading 
motivation and self- reported flow in a previous online 
study that involved reading a chapter of Homer’s Odys-
sey (Thissen et al., 2020). In the pre- study, these partici-
pants had expressively indicated that they were 
motivated to read another Odyssey chapter in a follow-
 up experiment. In addition, their individual flow scores 
for reading the Odyssey chapter had scored above the 
response scale’s midpoint on the flow measure. We sur-
mised that these particular readers, when presented with 
a new Odyssey chapter in our experiment, would be 
likely to again experience an optimal stimulation level 
and thereby flow during reading. This assumption was 
based on findings regarding the stability of both reading 
motivation (Clark & Rumbold, 2006) and reader skills in 
adults (Schneider, Schlagmüller, & Ennemoser, 2017). 
Thus, we intentionally pre- selected participants who 
were in general likely to experience flow during the 
reading phase of our experiment.

The final sample size for the experiment was in the 
end reduced to N = 84 because questionnaire data from 
one participant were lost due to a technical problem and 
cardiovascular data from seven participants could not be 
edited due to trigger malfunctions. Additionally, two par-
ticipants had cardiac pacemakers and were therefore 
excluded from the analysis. The final sample covered an 
age range from 19 to 73 years (M = 35; SD = 16), with the 
majority being female (57%; n  =  48) and a considerable 
percentage holding graduate degrees (49%, n = 41). Our 
participants scored relatively high in reading self- efficacy 
(M = 5.59; SD = 0.89) as well as on reader skills such as 
reading accuracy (M = 93.85; SD = 5.80), reading speed 
(M  =  29.55; SD  =  9.22), and reading comprehension 
(M = 55.36; SD = 17.23), suggesting that they are avid read-
ers. Participants were randomly assigned to one of three 
experimental conditions in which the low, intermediate, 
and high readability versions of the text were read, respec-
tively. This randomization was successful in that the sub-
samples (n = 29; n = 31; n = 24) did not differ significantly 
across relevant characteristics such as demographics, 
reader variables, reader traits, and reader skills (see Supple-
mental Material, Table S1).

Design and Procedure
The study was conducted in a research laboratory that was 
designed to resemble a living room. Each participant com-
pleted the experiment individually under the surveillance 
of a research assistant. Upon arrival in the laboratory, the 
participant received a written description of the study, gave 
his or her informed consent, and was acquainted with the 
ECG equipment. Seated in a reading armchair, the partici-
pant filled out a questionnaire regarding reader traits and 
skills that was presented via LimeSurvey software (Schmitz, 
2012) on a tablet computer.

Subsequently, the participant was prepared for the car-
diovascular measurement. After the research assistant 
visually inspected the ECG signal, the participant was 
instructed to sit still and relax for 10  minutes. Then the 
participant was given a bookrest on which a book contain-
ing only the Odyssey chapter to be read was fixated. To pre-
vent distractions, the research assistant left the room until 
the participant rang a bell and pushed a trigger to indicate 
that he or she had finished reading. After reading, the par-
ticipant filled out a questionnaire in regard to the reading 
experience and once again was asked to sit still for a 10- 
min recovery phase. The participant was eventually 
debriefed and rewarded with 30 €. For a schematic repre-
sentation of this procedure, please see Supplemental Mate-
rial, Figure S1.

Reading Material
Each participant read one of three versions of a chapter of 
Homer’s Odyssey, the ancient Greek story of Ulysses’s 
eponymous wandering and adventures on his way home 
from the Trojan War. In this self- contained episode, Ulysses 
and his companions get trapped in the lair of a cyclops, a 
one- eyed, man- eating giant, and must rely on Ulysses’s 
wits to save their lives. This storyline was the same for all 
text versions. Accordingly, textual demands dependent on 
narrative content and narrative structure were kept con-
stant. At the same time, textual demands dependent on 
writing style varied across the conditions. To obtain three 
sufficiently distinct levels of stylistic text demand, we pre-
sented: (1) an older prose translation from 1958 by Wolf-
gang Schadewaldt as the most demanding text version; (2) 
a more recent prose translation from 2010 by Karl Ferdi-
nand Lempp as the intermediate text version; and (3) a sty-
listically further simplified variant of the translation by 
Lempp (2010) that we created with the help of literary 
scholars as the least demanding text version.

To approximate the differences in cognitive challenge 
levels the three text versions might pose to readers, we first 
tokenized the texts with the NLTK sentence tokenizer (Bird 
& Loper, 2004, July). Then, we measured their readability 
with the Python readability package by van Cranenburgh 
(https://github.com/andre asvc/reada bility). In this way, we 
calculated several standard readability indices for German 

https://github.com/andreasvc/readability
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such as the Flesch– Kincaid Grade Level and the Gunning 
fog index. These indices are based on textual surface char-
acteristics, mainly sentence length (in words) and counts of 
long and complex words. The older prose version, for 
instance, was characterized by long sentences and the use of 
outdated and difficult vocabulary; consequently, its read-
ability should be relatively low. Readability indices overall 
confirmed our expectations: Readability was indeed low for 
the older prose version, intermediate for the more recent 
prose version, and high for our self- produced simplified 
variant of the latter (see Supplemental Material, Table S2).

Self- Report Measures
Demographic data as well as reader variables including 
frequency of reading fictional narratives, general affinity 
for fiction reading, and interest in reading the Odyssey 
were assessed using single items. Furthermore, we assessed 
reader traits that might influence the reading experience: 
reading self- efficacy, as measured by four self- developed 
items (Thissen et al., 2020); aesthetic responsiveness, as 
measured by the 14- item Aesthetic Responsiveness Assess-
ment (AReA; Schlotz et al., 2020); and proneness to bore-
dom, as measured by the 8- item Short Boredom Proneness 
Scale (SBPS; Struk, Carriere, Cheyne, & Danckert, 2017). 
To measure reader skills, we presented an online adapta-
tion of Schneider, Schlagmüller, and Ennemoser’s (2017) 
Reading Speed and Comprehension Test (Lesegeschwind-
igkeits-  und Verständnistest; LGVT). This speed test com-
prises a cloze test with three response options per deletion, 
from which to choose based on the textual context. The 
LGVT provides information about reading speed, compre-
hension, and accuracy in adolescent reader samples, yet it 
appears to be applicable to more advanced readers as well 
(Thissen et al., 2020).

Regarding their reading experience in the experiment 
in terms of flow, participants answered the 27- item Fiction 
Reading Flow Scale (FRFS; Thissen et al., 2020). This scale 
has been developed to measure flow states specifically in 
the context of fiction reading, with instructions and items 
explicitly referring to the immediate reading experience. 
To further ensure its applicability for reading research, the 
theoretical adaptation required for fluency- related flow 
components in the reading context is reflected in the cor-
responding items. The FRFS had also been employed to 
measure readers’ flow experiences in the pre- study. Addi-
tionally, rating items were used as a manipulation check to 
assess whether participants found the Odyssey chapter to 
be excessively or not very demanding to read.

Rating items were rated either on a 7- point Likert scale 
ranging from not at all to very much or with a binary 
response format. For the SBPS and FRFS, a 7- point Likert 
scale ranging from strongly disagree to strongly agree was 
employed. A 5- point Likert scale was used for both the 
reading self- efficacy items and the AReA, ranging from 

not at all to very much for the former and from never to 
very often for the latter. All scale scores were calculated by 
averaging responses. For further information about the 
item wordings and the scales employed, please see the Sup-
plemental Material.

Cardiovascular Measures
ECG measurement was conducted according to estab-
lished guidelines (Gramann & Schandry, 2009; Potter & 
Bolls, 2012) using a BioPlux amplifier (Plux, Portugal), 
which was connected via Bluetooth to a laptop computer 
running OpenSignals (r)evolution version 2018- 03- 27 
(Plux, Portugal). To record the ECG, we used three pre- 
gelled 8- mm AG/AGCL ECG electrodes (H135SG, Covi-
dien, Ireland) that were connected to the BioPlux amplifier’s 
electrocardiography sensor (gain: 1.000; bandwidth: 0.5– 
100 Hz). The positive electrode was placed on the sternum, 
the negative electrode between the fourth and fifth rib on 
the left pectoralis major, and the grounding electrode above 
the rib at the end of the left rib cage. All data were sampled 
at a rate of 1,000 Hz and with a 16- bit resolution. Relax-
ation and reading phases were digitally marked using the 
BioPlux handheld switch trigger.

The ECG signal was postprocessed offline using Mat-
lab’s Fieldtrip (Oostenveld, Fries, Maris, & Schoffelen, 2011) 
and Biosig (Vidaurre, Sander, & Schlögl, 2011) toolboxes. 
First, data were extracted from the analog ECG waveforms 
with the appropriate transfer functions (Plux, Portugal) 
and edited using the trigger markers. To identify the RR 
intervals, we employed Biosig’s nqrs- detect function, which 
decomposes the signal into subbands, downsamples it, and 
applies multiple beat- detection algorithms (Afonso, Tomp-
kins, Nguyen, & Luo, 1999). As a correction for artifacts 
that may arise due to movement, electrical interference, or 
poor lead placement (Laborde et al., 2017), we applied 
square and quotient filters: The square filter filters out 
spikes in the signal which show RR intervals shorter than 
300ms or longer than 2,000ms; the quotient filter filters out 
RR intervals that show more than a 20% change. This pro-
cedures separates incorrectly detected beats from heart 
beats with a sinus node origin (Piskorski & Guzik, 2005).

Data quality was subsequently confirmed by visually 
inspecting tachograms and Poincaré plots. To obtain the 
HR values, we transferred the filtered RR intervals to the 
time domain. To further obtain the HRV values, we 
reverted to Biosig’s heartratevariability function, which 
calculates the RMSSD (Shaffer & Ginsberg, 2017). Both 
the HR and the RMSSD values were aggregated across the 
duration of the pre- reading relaxation baseline and across 
the duration of the reading phase for each participant.

Statistical Analysis
As a manipulation check, we examined group differences 
in terms of perceived demands across the conditions 
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using Kruskal– Wallis tests and Bonferroni- adjusted 
Dunn’s post hoc tests, given that Lilliefors tests had 
revealed nonnormality. We further explored whether flow 
experiences differed across conditions by conducting a 
one- way analysis of variance (ANOVA) and Bonferroni- 
adjusted pairwise t-tests as post hoc tests, since flow 
scores were normally distributed and showed equal vari-
ability in the three conditions.

We employed linear regression to test our two hypoth-
eses, regressing flow scores on readers’ HR and RMSSD 
values in separate models. In each model, we entered the 
experimental condition and its interaction with the car-
diovascular indicator. To test hypothesis 1, we regressed 
flow scores on readers’ baseline HR and RMSSD, respec-
tively (Model A). To test hypothesis 2, we regressed flow 
scores on the change scores between the baseline and the 
reading HR and RMSSD, respectively (Model B).

To check the robustness of our results, we conducted 
sensitivity analyses. First, we repeated the regression mod-
els after excluding potentially influential outliers, defined 
as data points more than three standard deviations from 
the mean. Second, we adjusted the regression models for 
uncontrolled background or reader variables that might 
have influenced the results. This, however, was only the 
case for reader skills in terms of reading accuracy, for 
which our participants in the three conditions showed a 
marginally significant difference. All other background 
and reader variables assessed were equally distributed 
across conditions, implying that their potential influence 
on our results was already controlled for through success-
ful experimental randomization.

Before conducting all regression analyses, we con-
firmed the basic assumptions of regression modeling by 
visually inspecting diagnostic plots for the linearity of 
associations, the normality of residuals, and potentially 
influential outliers. Subsequently, we tested the homogene-
ity of the error variance by means of Levene’s tests. All sta-
tistical analyses were performed using R version 3.6.1  
(R Core Team, 2016).

Results
Manipulation Check
Significant group differences for self- reported low and 
excessive demand (χ2(2) = 10.65, p < .01; χ2(2) = 13.26,  
p <  .01) confirmed the efficacy of our experimental 
manipulation. On the one hand, participants in the high 
readability condition were more likely (Mdn = 5) to report 
finding text demands to be low compared to participants 
in the intermediate (Mdn = 2, p < .05) and in the low read-
ability condition (Mdn = 2, p < .05). On the other hand, 
participants in the low readability condition were more 
likely (Mdn = 2) to report finding text demands excessive 

than those in the high readability condition (Mdn = 1,  
p <  .001) and in the intermediate readability condition 
(Mdn = 1, p < .001). Thus, the respective demand levels of 
the three text versions were perceived as intended.

In regard to flow experiences during reading, we found 
a significant effect of the condition (F[2, 81] = 3.17, 
p =  .047). Post hoc tests, however, did not confirm these 
group differences to be significant. Flow scores tended to 
be slightly lower only in the low readability condition, as 
compared to the high readability and intermediate read-
ability conditions (see Table 1). As can be seen in Table 1, 
flow scores exceeded the midpoint of the response scale in 
all conditions. This observation indicates that, across read-
ers and conditions, the reading experience in the experi-
ment elicited flow.

Cardiovascular Activity and Flow 
During Reading
As can be seen in Table 2 and Table 3, respectively, hypoth-
esis 1 was confirmed: In Model A, in which flow scores 
were regressed on cardiovascular baseline scores, the 
experimental condition— that is, the text’s readability 
level— served as a moderator for the cardiovascular effect 
on flow experiences during reading. In regard to HR val-
ues (see Table  2), the interaction between baseline HR 
and experimental condition (F[2, 78] = 4.99, p = .009) as 
well as the main effects of baseline HR (F[1, 78] = 7.90,  
p = .006) and of experimental condition (F[2, 78] = 3.76,  
p = .028) were significant. Post hoc tests showed for both 
the intermediate readability condition (F[1, 78] = 4.45, p = 
.038) and for the low readability condition (F[1, 78] = 
12.77, p <  .001) that the regression slopes differed signifi-
cantly from zero (see Figure 1).Regarding RMSSD values 
(see Table  3), the interaction between baseline RMSSD 
and experimental condition (F[2, 78] = 3.71, p = .029) as 
well as the main effect of experimental condition (F[2, 78] =  
3.42, p = .038) were significant, whereas the main effect of 
baseline RMSSD (F[1, 78] = 1.68, p = .198) was not. Post 
hoc tests showed that the regression slope was signifi-
cantly different from zero (F[2, 78] = 7.63, p = .007) only 
in the low readability condition (see Figure 2). Thus, the 
interaction effect was stronger with regard to HR, but was 
consistent over both cardiovascular indicators: Readers 
who showed high cardiac vagal tone prior to reading— as 
reflected in relatively high HR and low RMSSD values— 
had a higher chance to enter a flow state when the text 
was written in a stylistically challenging way as compared 
to readers with low cardiac vagal tone prior to reading.On 
the contrary, no evidence was obtained for hypothesis 2, 
as can be seen in terms of Model B in Table  2 for the 
regression models involving HR values, and in Table 3 for 
the regression models involving RMSSD as the cardiovas-
cular indicator, respectively. These models, in which flow 
scores were regressed on cardiovascular change scores, 
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did not show any significant effects; the same holds for 
the corresponding overall tests of interaction and main 
effects.

For all regression models, excluding outliers from the 
analyses did not substantially alter the results. In case of 
the models involving RMSSD as the cardiovascular indica-
tor, however, the interaction effect turned out to be only 
marginally significant. Adjusting for reader skills in terms 
of reading accuracy did not affect any of the results, imply-
ing that reading accuracy did not confound the observed 
effects of the text’s readability level on the reader’s flow 
experience (see Supplemental Material, Tables S3 to S6, for 
details).

Discussion
To advance the understanding of flow experiences during 
fiction reading, we conducted an experiment that investi-
gated the interplay of cardiovascular activity and readers’ 
self- reported flow under reading conditions with varying 
text demands. Whereas cardiovascular activity is a physio-
logical measure linked to cognitive text processing, flow is 
a psychological state linked to reading pleasure. Flow dur-
ing reading is likely to be experienced whenever the con-
struction of the mental story model becomes particularly 
fluent and subjectively effortless due to a perceived opti-
mal stimulation level. In our experiment, we presented 

TABLE 1  
Summary of Correlations, Group Means, and Standard Deviations for Cardiovascular Measures During the Baseline 
and Reading Phases (Aggregated Within Phase) and for Self- Reported Flow Experience During Reading in the Three 
Experimental Conditions (High, Intermediate, and Low Readability)

M SD 1 2 3 4 5

High readability

Baseline

1. HR 71.93 10.14 – ** – .50*** .92*** – .37*** .16***

2. HRV- RMSSD 45.92 25.71 – ** – .45*** .91*** – .14***

Reading

3. HR 71.37 9.35 – * – .39*** .16***

4. HRV- RMSSD 45.31 23.43 – – .13 - .*

5. Flow 5.54 0.73 – *

Intermediate readability

Baseline

1. HR 71.56 10.92 – ** – .59*** .96*** – .63*** – .42***

2. HRV- RMSSD 41.87 26.73 – ** – .54*** .95*** .20***

Reading

3. HR 70.83 10.70 – * – .59*** – .42***

4. HRV- RMSSD 40.23 24.56 – .23***

5. Flow 5.54 0.68 – *

Low readability

Baseline

1. HR 74.71 10.94 – ** – .49*** .96*** – .68*** – .55***

2. HRV- RMSSD 38.94 17.77 – ** – .40*** .66*** .45***

Reading

3. HR 76.33 10.96 – ** – .70*** – .56***

4. HRV- RMSSD 32.92 16.23 – .56***

5. Flow 5.05 0.99 – 

Note. HR = heart rate; HRV= heart rate variability; RMSSD = root mean square of successive differences in the HRV. * p < .05, ** p < .01, *** p <  .001.



At the Heart of Optimal Reading Experiences: Cardiovascular Activity and Flow Experiences in Fiction Reading   |  9

participants with a narrative that was likely to be optimally 
stimulating and therefore flow inducing for them. We 
manipulated the text’s stimulation level, however, by pre-
senting the narrative in three versions of high, intermedi-
ate, or low readability, and hence of differing degrees of 
cognitive challenge. Cardiovascular activity was measured 

both prior to and during reading, and subjectively experi-
enced flow was measured with a reading- specific self- 
report scale immediately after reading.

The basic assumption of our experimental design, that 
is, that readability can be used to operationalize and 
manipulate the text’s demand level, was confirmed: 

TABLE 2  
Summary of Regression Analyses for the Mean Heart Rate (in bpm) Predicting Readers’ Self- Reported Flow 
Experiences by Experimental Condition (High, Intermediate, and Low Readability); Reference Group Is High 
Readability

Model A Model B

B SE β p B SE β p

Intercept 5.542 0.14 .00 < .001 5.532 0.15 .00 < .001

Intermediate readability – 0.028 0.19 – .02 .884 0.009 0.21 .01 .968

Low readability – 0.383 0.20 – .21 .065 – 0.465 0.24 – .26 .058

Baseline HR 0.011 0.14 .15 .416

Intermediate readability × baseline HR – 0.037 0.18 – .30 .047

Low readability × baseline HR – 0.061 0.20 – .44 .003

HR change – 0.005 0.04 – .02 .888

Intermediate readability × HR change 0.005 0.06 .01 .940

Low readability × HR change – 0.003 0.07 – .01 .965

R2 .25 .07

Note. HR = heart rate. The HR was centered at the grand mean of each phase (72.6 bpm for baseline values and 0.002 bpm for change scores). Model A 
uses participants’ baseline HR as the cardiovascular predictor, whereas Model B uses the HR change score— that is, participants’ average baseline HR 
subtracted from their average HR during reading— as the cardiovascular predictor.

TABLE 3  
Summary of Regression Analyses for the Root Mean Square of Successive Differences in the HRV (in ms) Predicting 
Readers’ Self- Reported Flow Experiences by Experimental Condition (High, Intermediate, and Low Readability); 
Reference Group Is High Readability

Model A Model B

B SE β p B SE β p

Intercept 5.549 0.14 .00 < .001 5.538 0.15 .00 < .001

Intermediate readability – 0.005 0.20 – .00 .979 0.011 0.21 .01 .961

Low readability – 0.408 0.22 – .23 .061 – 0.451 0.23 – .25 .058

Baseline RMSSD – 0.004 0.01 – .12 .477

Intermediate readability × baseline RMSSD 0.009 0.01 .18 .237

Low readability × baseline RMSSD 0.029 0.01 .34 .008

RMSSD change 0.005 0.02 .06 .751

Intermediate readability × RMSSD change – 0.000 0.02 – .00 .993

Low readability × RMSSD change 0.001 0.02 .01 .966

R2 .17 .08

Note. RMSSD = root mean square of successive differences. The RMSSD was centered at the grand mean (42.4 ms for baseline values and - 2.5 ms for 
change scores). Model A uses participants’ baseline RMSSD as the cardiovascular predictor, whereas Model B uses the RMSSD change score— that is, 
participants’ baseline RMSSD subtracted from their RMSSD during reading— as the cardiovascular predictor.



10  |  Reading Research Quarterly, 0(0)

Participants in the high readability condition perceived the 
text as rather simple to read, whereas participants in the 
low readability condition perceived the text as rather diffi-
cult. However, participants reportedly experienced flow 
across all three experimental conditions. This result, 
although at first glance surprising, is likely to reflect the 
influence of a variety of factors other than purely style- 
driven readability that may influence the reader’s subjec-
tive evaluation of the reading situation as optimally 
stimulating and thereby flow inducing: individual differ-
ences in reader skills, reading motivation, interest, personal 
preferences, and responses to cognitive challenge, as well 
as content- related text demands. Taken together, all these 
factors apparently outweighed the expected adverse effect 
of suboptimal readability on flow experiences in the read-
ing phase of our experiment.

In particular, motivation-  and expertise- related factors 
most likely led to an increased potential for flow even 
under otherwise suboptimal reading conditions in our 
reader sample. High motivation is known to affect subjec-
tive demand evaluations in a way that favors the perception 
of optimal stimulation and thereby flow experiences (Eng-
eser & Rheinberg, 2008; Rheinberg et al., 2003). Thus, moti-
vational aspects of the experimental situation as well as our 
participants’ high self- reported motivation to read another 

chapter of the Odyssey could have generally increased their 
chance of experiencing flow. Similarly, expertise might 
generally increase the chance of flow during reading, since 
expert readers are more equipped to optimally respond 
even to suboptimal reading conditions. For instance, 
McNamara and Kintsch (1996) found that low readability 
does not stop experienced readers from fluently processing 
the text and constructing an adequate mental model from 
it. Considering that our reader sample showed high read-
ing self- efficacy and reader skills, they could have simply 
been able to overcome the suboptimal text demands.

Taken together, we are faced with a mixed picture of 
results in regard to our experimental design: On the one 
hand, the on- average relatively high flow scores in our 
experiment demonstrate that flow can be successfully 
induced and thus studied in readers under controlled 
laboratory conditions, which are particularly crucial for 
tests of psychophysiological hypotheses. On the other 
hand, the marginal differences we found in flow scores 
across experimental conditions imply that a thorough 
experimental manipulation of flow during reading can-
not rely solely on varying the text’s stylistic features and 
readability. Even though our readability manipulations 
might have simply not been strong enough to obtain sig-
nificant text version dependent differences in flow, even 

FIGURE 1  
Associations Between Readers’ Self- Reported Flow Experiences in Each Experimental Condition (High, 
Intermediate, and Low Readability) and Mean Heart Rate (in bpm) during the Baseline Phase. Confidence Intervals 
are Represented by Gray- Shaded Areas

Note. The color figure can be viewed in the online version of this article at http://ila.onlinelibrary.wiley.com.
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stronger ones could impair the ecological validity of the 
text stimuli in a way that renders drawing valid conclu-
sions about reading experiences impossible. For this rea-
son, future studies should explore additional approaches 
to manipulating the text’s stimulation level, for instance 
also in regard to its narrative content and narrative struc-
ture. However, given the many difficulties of such text 
manipulations, matching text and reader might in fact be 
the more viable approach to future experimental reading 
research on flow.

To date, this particular approach seemed hardly feasible 
in reading research due to the plethora of factors to be con-
sidered and the methodological problems in assessing and 
manipulating them. For instance, Shahian, Pishghadam, 
and Khajavy (2017) implemented a quasi- experimental 
design by matching texts to readers based on their familiar-
ity with the text’s topic. These differences in thematic famil-
iarity were expected to result in varying stimulation levels 
and thus varying flow potential across conditions. This 
design, however, led to hardly comparable reading situa-
tions in the different conditions, since participants read dif-
ferent texts and not just different versions of the same text. 
Our results point to a new way that may help overcome 
such methodological problems in matching text and reader: 
Taking a text demand factor like readability, that can be 

relatively easily manipulated and varied across conditions, 
and a psychophysiological factor like readers’ cardiovascu-
lar activity, that can be easily measured, as key factors for 
matching text and reader.

This new matching approach can be derived from our 
results concerning the first hypothesis, which assumed 
that readers’ flow experiences arise from an interplay 
between their inner state prior to reading and the text’s 
cognitive challenge level. Specifically, our reading experi-
ment revealed significant associations between cardiovas-
cular activity and subjective flow experiences: An 
interaction of cardiac vagal tone before reading— a psy-
chophysiological factor on part of the reader— and read-
ability— a demand factor on part of the text— determined 
the likelihood of a flow experience during reading. Low 
HR and high RMSSD values prior to reading, both reflec-
tive of high cardiac vagal tone, supported subsequent flow 
experiences during reading when the text posed a consid-
erable cognitive challenge by virtue of its intermediate- to- 
low readability level. In contrast, in the high readability 
condition of the experiment, in which participants were 
presented with a text version that was written in a very 
simple style of low cognitive challenge to the reader, we 
found no significant associations between cardiac vagal 
tone and flow during reading.

FIGURE 2  
Associations Between Readers’ Self- Reported Flow Experiences in Each Experimental Condition (High, 
Intermediate, and Low Readability) and RMSSD (in ms) Extracted Over the Baseline Phase. Confidence Intervals are 
Represented by Gray- Shaded Areas

Note. The color figure can be viewed in the online version of this article at http://ila.onlinelibrary.wiley.com.
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This interaction effect is in line with both the flow 
channel model (Csikszentmihalyi, 1975) and the neurovis-
ceral integration model (Thayer et al., 2009; Thayer & Lane, 
2009). The former postulates that flow emerges from a 
match between the individual’s disposition and the respec-
tive activity, allowing for an optimal response to challenge. 
The latter postulates that PSNS- driven high cardiac vagal 
tone enables individuals to respond to certain cognitive 
challenges more fluently. Since the construction of a men-
tal story model becomes cognitively more challenging the 
lower the text’s readability level is, the reader’s cardiac vagal 
tone before reading can be seen as an indicator for his or 
her preparedness to still optimally respond to this chal-
lenge such that a flow experience can arise. Therefore, the 
text’s style- driven demand level can be interpreted as a 
determinant for flow, provided, however, that the reader’s 
inner state before reading, specifically his or her cardiac 
vagal tone, is taken into account as a moderating factor.

The impact of readers’ inner state on their text pro-
cessing has already been shown in terms of mood- driven 
effects on text comprehension (Bohn- Gettler & Rapp, 
2014; Mills, Wu, & D’Mello, 2019) and narrative transpor-
tation (Green, Chatham, & Sestir, 2012). Even though car-
diac vagal tone reflects a certain arousal level rather than 
an affective state, these earlier findings support the idea 
that implicit factors within the reader have a bearing on his 
or her reading experience. Since high cardiac vagal tone 
indicates an inner state of relaxation associated with fluent 
cognitive processing, readers in this state should be more 
likely to optimally respond also to high cognitive chal-
lenges, not only by calmly approaching them but also by 
better performing the necessary cognitive processes to 
meet them. In a mental activity like fiction reading, cardiac 
vagal tone seems to support the subjective experience of 
relatively high demands as optimally stimulating and 
hence as flow inducing.

Considering that we measured cardiac vagal tone 
before reading, this mechanism can be interpreted caus-
ally; that is, the reader’s inner state before reading deter-
mines how the subsequent reading situation and its 
challenge level is experienced. Whether high cardiac vagal 
tone should be interpreted as a situational or a disposi-
tional factor, however, remains to be tested. On the one 
hand, cardiac vagal tone during resting states is known to 
be a relatively stable individual characteristic (Thayer & 
Lane, 2009) that can influence cognitive performance on a 
general level (Park & Thayer, 2014). On the other hand, the 
cardiovascular data we obtained in the relaxation phase 
before reading represent only a brief state assessment that 
may well be more reflective of the experimental situation 
than of a trait- like disposition. To test whether high car-
diac vagal tone could be a dispositional factor that indi-
cates a person’s general proneness to flow experiences 
during reading, future reading experiments should include 
long- term cardiovascular baseline measures.

Comparisons between different types of cognitive 
tasks have revealed that cardiac vagal tone is linked in 
particular to perceptual abilities and sustained attention 
(Luque- Casado et al., 2016; Luque- Casado, Zabala, 
Morales, Mateo- March, & Sanabria, 2013) . These cogni-
tive skills seem especially relevant for basic text compre-
hension. Following this rationale, the way in which 
readers get into flow might best be understood in terms of 
mastering two different types of challenge. Basic text 
comprehension as dependent on successfully coping with 
the text’s writing style is the first type of challenge. Our 
findings suggest that PSNS dominance prior to reading —
as indicated by high cardiac tone— can positively affect 
the cognitive processes required to master it. The second 
type of challenge pertains to engagement with the narra-
tive in regard to its plot, characters, and story world. Con-
sidering that participants in the high readability condition 
of our experiment reported as much flow as participants 
in the other conditions, but that their flow experiences 
emerged independent of cardiac vagal tone, mastering 
this type of challenge seems largely unaffected by PSNS 
dominance and cardiac vagal tone. If and which other 
psychophysiological factors may come into play in mas-
tering this type of challenge during reading remains to be 
tested in future studies.

Contrary to the promising results we obtained when 
looking into psychophysiological measures as personal 
factors that moderate text effects on flow experiences dur-
ing reading, we had to reject the second hypothesis, namely, 
that psychophysiology, in particular high cardiac vagal 
tone, might directly reflect the flow state in readers. The 
HR and RMSSD data we obtained suggest that our partici-
pants’ cardiovascular activity was virtually the same during 
both the relaxation and the reading phase of our experi-
ment. Moreover, we found no significant associations 
between self- reported flow during reading and changes in 
cardiac vagal tone: HR and RMSSD values— and hence 
cardiac vagal tone— during reading were no longer sys-
tematically linked to readers’ flow experiences once indi-
vidual differences in the inner state prior to reading were 
accounted for by controlling for baseline values. Conse-
quently, according to our results, cardiac vagal tone cannot 
be taken as a direct indicator of flow during reading as it 
did not change in association with the reading experience 
or flow.

Still, it may be worthwhile to continue the search for 
an objective indicator of flow during reading by using a 
more fine- grained analysis of the temporal dynamics 
within the reading process and a combination of psycho-
physiological measures. As we aggregated psychophysio-
logical measures over the whole reading phase and focused 
on cardiovascular activity only, the insight we could gain 
into the psychophysiology of optimal reading experiences 
was certainly limited. Moreover, given that our study 
involved a pre- selected, unrepresentative reader sample 
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that covered a fairly wide age range and was predomi-
nantly made up of avid readers, as well as only a single nar-
rative, more studies are called for to test the robustness and 
generalizability of our results.

Notwithstanding, our study provides first evidence for 
the potential of psychophysiological flow research in fic-
tion reading. On the one hand, our results demonstrate 
that flow is a useful concept for reading researchers as it 
provides insight into the mental mechanism that underlie 
the pleasure taken in constructing mental story models 
during reading. Flow researchers, on the other hand, could 
further their understanding of what is universally charac-
teristic of the flow experience by combining psychophysi-
ological findings from the traditionally studied physical 
activities with those from mental activities like fiction 
reading. The interaction effect we found between cardiac 
vagal tone before and flow during reading suggests that 
parasympathetic dominance is an inner state that is favor-
able for the emergence of flow in challenging situations. 
Since flow experiences in challenging situations motivate 
engagement with learning opportunities, finding ways to 
support their emergence, both in fiction reading and 
beyond, constitutes an important research aim. Our study 
suggests that psychophysiology could be a helpful tool in 
achieving this aim. Still, our study is only the first step into 
a largely uncharted territory. Thus, building on the funda-
mental research presented in this paper, more application- 
oriented studies may follow suit that, for instance, look into 
the role of flow in educational reading settings and how 
teachers can promote their students flow experiences in a 
meaningful way.
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