
ORIGINAL RESEARCH
published: 20 April 2015

doi: 10.3389/fpsyg.2015.00447

Edited by:
Alain Morin,

Mount Royal University, Canada

Reviewed by:
Claudio Gentili,

Università di Pisa, Italy
Christian Dieter Schunn,

University of Pittsburgh, USA

*Correspondence:
Ryota Nomura,

Faculty of Education, the University
of Tokyo, 7-3-1, Hongo, Bunkyo

Ward, Tokyo 113-0033, Japan
nomuraryota@gmail.com

Specialty section:
This article was submitted to

Cognitive Science, a section of the
journal Frontiers in Psychology

Received: 27 October 2014
Accepted: 30 March 2015

Published: 20 April 2015

Citation:
Nomura R, Hino K, Shimazu M,

Liang Y and Okada T (2015)
Emotionally excited eyeblink-rate

variability predicts an experience of
transportation into the narrative world.

Front. Psychol. 6:447.
doi: 10.3389/fpsyg.2015.00447

Emotionally excited eyeblink-rate
variability predicts an experience of
transportation into the narrative
world
Ryota Nomura1*, Kojun Hino2, Makoto Shimazu3, Yingzong Liang4 and Takeshi Okada1

1 Faculty of Education, The University of Tokyo, Tokyo, Japan, 2 College of Arts and Sciences, The University of Tokyo, Tokyo,
Japan, 3 Graduate School of Information Science and Technology, The University of Tokyo, Tokyo, Japan, 4 Graduate School
of Engineering, The University of Tokyo, Tokyo, Japan

Collective spectator communications such as oral presentations, movies, and
storytelling performances are ubiquitous in human culture. This study investigated the
effects of past viewing experiences and differences in expressive performance on an
audience’s transportive experience into a created world of a storytelling performance.
In the experiment, 60 participants (mean age = 34.12 years, SD = 13.18 years,
range 18–63 years) were assigned to watch one of two videotaped performances
that were played (1) in an orthodox way for frequent viewers and (2) in a modified
way aimed at easier comprehension for first-time viewers. Eyeblink synchronization
among participants was quantified by employing distance-based measurements of
spike trains, Dspike and Dinterval (Victor and Purpura, 1997). The results indicated that
even non-familiar participants’ eyeblinks were synchronized as the story progressed
and that the effect of the viewing experience on transportation was weak. Rather, the
results of a multiple regression analysis demonstrated that the degrees of transportation
could be predicted by a retrospectively reported humor experience and higher real-time
variability (i.e., logarithmic transformed SD) of inter blink intervals during a performance
viewing. The results are discussed from the viewpoint in which the extent of eyeblink
synchronization and eyeblink-rate variability acts as an index of the inner experience of
audience members.

Keywords: eyeblink-rate variability, eyeblink synchronization, transportation, viewing experience, Rakugo, expert

Introduction

Collective spectator communications such as oral presentations, movies, and storytelling per-
formances are ubiquitous in human culture. Spectators who share time and space frequently
involve their minds and bodies in fascinating performances. Some spectators would describe
their experience as being ‘carried away’ by the story. This engrossing temporal experience is
known as “transportation into the narrative world” (Sestir and Green, 2010). In a previous study,
researchers summarized facilitators of narrative transportation (Van Laer et al., 2014). For instance,
Van Laer et al. (2014, p. 803) and pointed out that stories containing more identifiable charac-
ters to audience members, plotlines that storytelling audiences can imagine, and verisimilitude
all increase the likelihood that a narrative transportation will occur. In addition, an audience
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member’s familiarity with a story topic, attention level, trans-
portability (i.e., “a story receiver’s chronic propensity to be trans-
ported,” see Van Laer et al., 2014, p. 804), age, education, and
gender (female rather than male) all play a role in the likelihood
of narrative transportation. Though these studies have focused on
human traits—in other words, static factors of transportation—
dynamic factors such as fluctuation between attention allocation
and attention release during a performance also affect a trans-
portive experience in live theater, as expressiveness between a per-
former and the audience is communicated in real-time. However,
the processing mechanism by which an audience experiences
transportation through the appreciation of expert performances
remains a mystery.

Investigations into audiences’ transportive experience during
a storytelling performance have suggested that audience attention
tends to synchronize with the addition of audio-visual stimuli
used during expert performances (Nomura and Okada, 2014).
Nomura and Okada (2014) showed that during an expert per-
formance, eyeblinks among participant audience members syn-
chronized with greater frequency and more intensity compared
to audience members of a novice performance, even though the
expert and novice performers performed the same story. At the
same time, subjective rating scores on a scale to determine trans-
portation into the world of the story (Miall and Kuiken, 1995)
including somatic responses (e.g., sweat and chills, Nomura,
2013) were much higher for participants who watched an expert
performance than those who watched a novice performance.
The timing of eyeblinks is interrelated within attentional pro-
cess (Nakano et al., 2009; Nomura and Okada, 2014). In general,
people search for a target upon which to focus their attention. If
audiences find a target, they allocate their attention to it. After
this focused concentration, they release their attention to pre-
pare to search for the next target. Audience eyeblinks decrease
at the moment of attention allocation while they increase at the
moment of attention release. Therefore, eyeblinks tend to syn-
chronously occur at implicit attentional breakpoints among read-
ers while reading books (Hall, 1945) and among viewers while
viewing videos (Nakano and Kitazawa, 2010). An additional qual-
itative analysis (Nomura andOkada, 2014, Study 2) also indicated
that eyeblinks among audiences are synchronized corresponding
to scene changes and high points of expressive performance. This
externally coordinated attention leads to an efficient cognitive
process by avoiding loss of significant information (Nakano et al.,
2009). Thus, the authors concluded that eyeblink synchronization
among audiences is guided by an expert performance created to
make audiences comprehend the important information.

However, it is unclear how eyeblink synchronization among
audiences relates to their experience of transportation. One
of the possible mechanisms is that eyeblink synchronization
among audiences is driven by attentional cycles, which are in
turn driven by emotional processing. One’s eyeblinks usually
cycle in self-paced (physiological) periods with some fluctua-
tions. However, audience eyeblink onset might be delayed or
accelerated depending on the actors’ expressions, as the tim-
ing of attention allocation and attention release are coordi-
nated with the performance. When audience members shift
their attention back and forth more frequently, in parallel

with the storyline and punchlines performed by the actors,
eyeblink time points vary dynamically, but sensitively, in
line with the performance (Nomura and Okada, 2014). As
s result, eyeblinks among audiences synchronize with each
other. Because the duration of attentional cycles reflects the
audience’s active involvement in a performance, durations
vary more frequently than those of self-paced cycles. Such
dynamic attention shifts bring audience members more emo-
tional excitement. Their emotional excitement may motivate
them to pay attention for upcoming expressions that could
contain important content-related information. Thus, a recip-
rocal process between emotional excitement and the resulting
motivated attention would affect transportative experiences. In
other words, high emotional excitement and high eyeblink vari-
ability would predict that audience members experience more
transportation.

The other possibility is that a situation model improves pre-
diction accuracy and simultaneously facilitates the experience of
transportation. A situation model refers to a reader’s represen-
tation of the referents and events described in a text (Van Dijk
and Kintsch, 1983). More generally, it refers to a story receiver’s
mental model (Johnson-Laird, 1983) using specific information
that aids the comprehension of the current situation. When
people comprehend a story, they construct a representation of
the situation and its words and sentences (Zwaan et al., 1995).
The current situation model manages new information from the
aspect of temporal, spatial, or casual consistency (Radvansky and
Copeland, 2001) and possibly enables people to predict the next
plot twist more precisely. If an audience can construct represen-
tations of a story, they will more easily understand the meaning
of the situation. In other words, a situation model reduces the
cognitive burden required to comprehend a story. At the same
time, this reduction facilitates the experience of transportation,
because audiences can freely use remaining cognitive resources
for other cognitive activities, such as focusing on the detail of
expressions. Thus, a model can help an audience realize the depth
of feelings expressed in a performance. While a non-experienced
audience constructs a situation model by using only the knowl-
edge accumulated through appreciation of the present story,
an experienced audience constructs a model by also exploiting
domain knowledge cultivated through past viewing experience.
In light of this perspective, it could be predicted that the expe-
rienced audience, compared to the non-experienced audience,
would gain more transportative experience from the beginning
of a performance.

In summary, the mechanisms of audiences’ eyeblink synchro-
nization reflecting the experience of transportation are as follows.
On one hand, externally coordinated attention leads to dynamic
eyeblink shifting, as well as emotional processing, due to which
audience members are inclined to pay additional attention to
the performance. On the other hand, a mental model reduces
the cognitive burden of comprehending characters and plotlines
of a story, while simultaneously improving the accuracy of pre-
diction. These two mechanisms facilitate audience eyeblink syn-
chronization. However, these mechanisms could be interdepen-
dent. In general, synchronizations caused by external inputs are
possible if respective elements respond reliably to time-varying
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stimuli (Mainen and Sejnowski, 1995). Thus, eyeblink synchro-
nization among audiences during Rakugo (traditional Japanese
vaudeville) settings could occur owing to performance qual-
ity in addition to audience sensitivity to external stimulus. For
instance, even though emotional excitement and biased distribu-
tion of eyeblinks predict the transportive experience, this result
may be obtained from the experienced audiences only if domain
knowledge is a necessary condition. In another case, even the
non-experienced audiences may obtain a transportive experience
if the performance contains sufficient information to guide their
attentional process. The purpose of this study is to examine these
two potential mechanisms and their relationship to each other.
In the experiment, experienced and non-experienced audiences
were assigned to watch one of two videos separately: an orthodox
performance (played in front of frequent viewers) or a mod-
ified performance (played in front of first-time viewers) acted
by the same artist (The details of the two performances will be
described later). In all settings, participants’ eyeblink responses
were observed.

The time cycle of inter-blink intervals (IBIs) varies when
the performance contains more frequent expressions that
draw the viewer’s attention, because the original (self-paced)
period becomes accelerated or delayed. This leads to a higher
rate of eyeblink variability. Thus, the SD of IBIs can be
used as a measurement of eyeblink-rate variability on an
individual level. Furthermore, emotional excitement can be
measured by a subjective rating score on a humor scale,
while it is no simple task to measure each audience mem-
ber’s situation model per se during real-time processing.
However, the similarity of situation models among audiences
could be estimated by focusing on the reproducibility of
participants’ eyeblink responses, because eyeblinks by audi-
ences who have a common situation model would uninten-
tionally select similar information, leading to more closely
timed (i.e., more reliable) and more similar eyeblink pat-
terns. In this study, we observed the precision of eyeblink
responses by focusing on time differences within an audi-
ence, instead of defining the objective criteria or identi-
fying audio-visual information to which an audience allo-
cates its attention. We calculated mean eyeblink timing asyn-
chrony and estimated mean similarity of IBI patterns between
two particular audience members as group-level indices of
reproducibility.

To investigate the first mechanism, we performed a multiple
regression analysis with a SD of IBIs and humor ratings as an
explanatory variable with a self-reported degree of transporta-
tion as a target variable. This hypothetical mechanism is rejected
when SDs of IBIs or a subjective-humor response have no pre-
dictive power. Here, we were unable to eliminate the possibility
that other variables suggested by previous research (Van Laer
et al., 2014) were also facilitating or inhibiting the process inter-
dependently. In the multiple regression analysis, we included
age, gender, mean of IBIs calculated for each individual, knowl-
edge of the performer (a dummy variable), and knowledge of
the story (a dummy variable) as possible predicting variables.
This analysis was performed across the experimental condi-
tions, with the aim of determining whether variables of real-time

processing, rather than other variables such as the nature of per-
formance or the different viewing experiences, had a predictive
power for transportive experience. As the first hypothetical mech-
anism was supported by multiple regression analysis, we went
on to examine the second mechanism, concerning the use of
a situation model. If the asynchrony of eyeblinks was lower in
the experienced audience group than in the non-experienced
group, it would suggest that domain knowledge had helped in
the construction of a situation model. One-way ANOVA was
performed to assess the interaction between viewing experi-
ence and actor expression during performance. If a situation
model was unnecessary for transportation, the degree of trans-
portation did not increase—at least in the situation in which
group-level eyeblink asynchrony was high. If any other factor
was suspected of contributing to the process of transportation
throughout the analyses, an additional analysis was performed
according to the nature of stimuli such as laughter of audience
recorded during Rakugo (Japanese) vaudeville performances (i.e.,
in situ).

Materials and Methods

Participants
Participants included 28 males and 44 females, all native Japanese
speakers. Out of 72 people who participated in the experiments,
complete eye-tracking data was obtained from 60 participants
(24 males and 36 females, mean age = 34.12 years, range = 18–
63 years). Eye-movement data from two people was not usable
due to drooping eyelids. Data from 10 other people were unus-
able because troubles with the instruments caused a loss of
eye-detecting information leading to insufficient records. The
experimenter defined participants who had viewed the type of
storytelling performance used in the study more than 10 times
in any situation, including through other media and live perfor-
mances, as an experienced audience member. The experimenter
adopted the criteria because the mean number of viewing times
was usually three or four times in the daily lives of most Japanese.
This meant that individuals who met the criteria seemed to
seek opportunities to view Rakugo more than five times. As a
result, 30 (15 experienced and 15 non-experienced) participants
were assigned the videotaped performance as first-time view-
ers and the remaining 30 participants (15 experienced and 15
non-experienced) were assigned the videotaped performance as
frequent viewers.

The Storytelling Artist and Stimuli
In the current study, the authors asked professional Rakugo artist
Kokontei Bungiku (34-year-old performer with 10 years’ experi-
ence) to record his performances. Rakugo is a traditional Japanese
comic vaudeville storytelling performance in which one artist
plays many characters. The stage setting is usually just a square
cushion (zabuton) on which the performer sits to tell passed-
down and newly created stories. The artist uses a Japanese fan and
a traditional hand towel to represent all stage properties such as
chopsticks and a sword (katana). In a traditional Rakugo appren-
ticeship of the Association of Rakugo (General Incorporated
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Associations), the title of first-rank performer (“Shin’uchi”) was
given to Bungiku earlier than the 28 senior performers. We there-
fore assumed that Bungiku possesses the skills to modify his
performance according to the nature of the audience. Two sto-
rytelling performances as well as the audio-visual information
during the performance were videotaped. In both performances,
the story Bungiku told was called “Nibansenji,” literally mean-
ing the second brew of tea or decoction, which is semantically
transferred to mean that things become a pale imitation. The
outline of the story is as follows: five civilians go around the
city of Edo (the old name of Tokyo) to prevent fires on a very
cold winter night. After enduring the cold, they go back to a
hut and have a warm meal, while passing around a small cup of
warmed sake, conveniently concealed as “senji-kusuri” (decoc-
tion). Suddenly, a samurai who supervises the fire-prevention
activities comes to the hut and calls for the door to be opened.
Although civilians hurriedly hide the meal and sake, the samu-
rai notices them quickly and wants to make them his own,
relying on his authority. While the samurai wants another decoc-
tion (i.e., sake), one of the civilians answers that they have no
more decoction. As the last line, the samurai orders as fol-
lows: “While I patrol around the neighborhood, brew the second
decoction.”

The performances were recorded on December 6, 2013, in
a Rakugo vaudeville setting that was recreated in a laboratory
room at the University of Tokyo. The artist performed live in
front of 31 frequent viewers and 24 first-time viewers. They (i.e.,
audience in situ) were different from participants of the current
laboratory experiment. Several experimenters and assistants were
also present in the room. The performance for frequent view-
ers was acted in the style of traditional vaudeville storytelling
performance in everyday theater (orthodox video). The perfor-
mance for first-time viewers was played in a modified way to
help first-time viewers better comprehend the content of the story
(modified video). The videos lasted approximately 3220 s (53 min
40 s) and 3022 s (50 min 22 s), respectively. For the first-time
viewers, the artist took a few minutes to explain the traditional
way of viewing this type of storytelling performance.

The videotaped performance was presented on a 19-inch
monitor distanced 58 cm from each participant. The video was
projected to a size of 15 cm (H) × 24.6 cm (W). The subjects’
viewing angle of the performer, who was sitting on the zabuton,
was approximately 11.3◦ × 10.7◦ located at the center of the mon-
itor. The projected size was approximately equivalent to the size
of performers viewed by an audience seated at a 5-meter distance
in the center of a vaudeville theater. The video stimuli was con-
trolled by a desktop personal computer (Dell, Optiplex 900, CPU
3.40 Ghz, Memory 8.00 GB).

Eyemovements were measured by a non-contact, eye-tracking
device (EMR-AT, VOXER, nac Image Technology Inc.) at a sam-
pling rate of 60 Hz. The eye position was smoothed using a
moving-average method and recorded electronically. The eye-
blinks were detected by instantaneous losses (0.3–1.0 s) of pupil
with an eye-position motion that went rapidly down and then
immediately up. The first time point during the detected eyeblink
was identified as the onset of that eyeblink. The time duration
from one onset to the next onset was defined as the IBI. Each

participant’s chin and forehead were placed in fixed way on a
support device to minimize the influence of head movements on
eye-tracking data. Presentation of stimuli were controlled and
recorded by a background program made by Visual Basic. A
few time delays occurred before the presentation while the com-
puter was loading a video. These presentation time delays were
corrected using recorded time stamps.

Questionnaire
The questionnaire package consisted of two scales (humor and
transportation), two demographic characteristics (age and gen-
der), and domain knowledge of the storytelling performance
being shown. Humor as the emotional excitation in vaudeville
settings was rated using a 4-point (from 1 to 4) Likert scale. The
humor rating scale (Nomura and Maruno, 2011) included four
items that reflected the audience’s degree of perceived humor
(e.g., “I laughed or was inclined to laugh so much”). The trans-
portive experience was rated using 18 items related to temporal
transportation. Half of the items were derived from a subscale
of the Literary Response Questionnaire (LRQ, Miall and Kuiken,
1995), which was translated into Japanese (Osanai and Okada,
2011). However, the wording of questions was inverted to fit
into a vaudeville setting. For instance, “reading a novel” in the
original text was changed to “viewing Rakugo” in the modified
text (Nomura, 2013). The translated questionnaire also contained
items relevant to the emotion of enjoyment in real life or items
relevant to the author of the stories rather than transportation
per se and less relevant items, which were not used. Moreover,
as another aspect of the transportive experience, some items
reflected subjective evaluation about participant’s own somatic
responses such as sweaty palms and chills (Nomura, 2013) were
included. The questionnaire asked participants to write their
age and gender in the blanks on the sheet and describe their
knowledge of the story and the artist in the videotaped per-
formance. The questionnaire also asked participants to describe
their impressions of the performance. In addition, participants
filled out information on their familiarity with Rakugo perfor-
mances by (1) using media and (2) going to the theater in their
everyday lives.

Procedure
The participants were separately invited to the laboratory room
where the experimenter explained the experiment. To lessen the
possibility that each participant intentionally controlled his/her
eyeblink response, the experimenter withheld the actual purpose
from the participants. Instead, the experimenter told the partic-
ipants that the experiment “aimed to examine where you look
on the monitor by measuring and recording the eye points while
appreciating a Rakugo performance.” After briefly explaining the
eye-tracking device, a nine-point calibration was performed. The
experimenter recorded the air temperature and humidity at the
starting point and checked to ensure that the videos worked well.
The experimenter played a video (a muted movie of fish swim-
ming in a group), while measuring and recording the eyeblinks of
each participant as an individual frequency and asynchrony base-
line within each group. Each participant was then instructed how
to play the movie and the experimenter left the room. Participants
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started to play the assigned video on their own, while the device
was measured and recorded their eyeblinks. After finishing the
video presentation, the experimenter re-entered the room and
asked the participants to complete the questionnaire. The exper-
imenter explained that the actual purpose of the experiment was
to measure the timings and frequency of eyeblinks while watch-
ing the storytelling performance. All participants gave permission
for their eye information to be used in the study and agreed to
answer the questionnaire. In addition, the experimenter asked
if they had noticed that this was a study on eyeblinks. Five par-
ticipants answered that they had noticed the eyeblink data, of
which three were omitted from the analysis due to incomplete
data (see, Participants). The other two participants suspected that
the device might be related to eyeblink measurement; however,
their eyeblink data were included in the analysis because they
stated that they did not change the timing of their eyeblinks
intentionally.

Analysis
Distance-Based Analysis of Blink (Spike) Trains:
Asynchrony
Victor and Purpura (1997) proposed methods to quantify the
asynchrony of two particular spike trains (e.g., time series of

intermittently firing neurons) focusing on the difference of spike
timings. Dspike and Dinterval equally evaluate the distances of two
different blinking trains (Figure 1). However, only Dspike calcu-
lates the distance at each time point of the spikes. In contrast,
Dinterval takes into account the intervals of spike-by-spike. While
these methods have been developed with the aim of analyzing
asynchrony in firing neuron spike trains, they can be used to
quantify the degree of asynchrony of particular blink trains.

Dspike is sensitive to inter-spike intervals. In contrast, Dinterval

is sensitive to temporal spike patterns. Although a Dinterval value
is constantly equal to or smaller than that of Dspike, there is no
difference between the values of these indices if a particular tem-
poral pattern is started at the same time. However, the value of
Dinterval becomes smaller than that of Dspike when spike trains
exhibit the same temporal pattern (motif) with a time delay in
each time train (Victor and Purpura, 1997). Thus, the differences
between these indices represent the degrees of pattern formation
of IBIs. In other words, the difference in the value of Dinterval

compared with that of Dspike suggests the ratio explained by the
pattern similarity. If the viewing experience influences a situation
model constructed through a viewing performance, a significant
difference of pattern similarity will be found between experienced
and non-experienced audiences.

FIGURE 1 | Schematic illustration of the methods to evaluate costs to
transform a train to another train and estimated similarity of
inter-blink interval (IBI) patterns. (A) The distance between the two spike
trains, St and So, is equal to seeking a path of the minimum cost, which
transforms So–St, with spike times (a, b, c, d, e, f) equal to St. (B) The
distance between St and So is equal to seeking a path of the minimum

cost, which transforms So–St , with IBIs (a, b, c, d, e) equal to St. The
authors originally created these two schematic illustration based on Victor
and Purpura (1997). (C) The scatter plot of Dinterval and Dspike . R2 indicates
the coefficient of determination. (D) Similarity of IBI patterns within each
group estimated from the difference between Dinterval and Dspike . *p < 0.05,
**p < 0.01, ***p < 0.001.
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In this study, the analysis unit was set to 250 ms because a
blink usually occurs at an interval elapse of least 300 ms due to
physiological limits (Nakano et al., 2009). That is, the whole video
recording was divided into huge numbers of time windows (i.e.,
bins), each of which with a length of 250 ms, and the distance was
counted based on the number of bins. To evaluate asynchrony
of each scene during the performance, time trains of 5 min of
performance time each (i.e., 1200 units= 4 bins/s× 60 s× 5min)
were used for calculation. As the total length was different with
each video, the last 50min of video footage was accurately divided
into 10 scenes (i.e., each scene containing 5 min of footage). The
rest (i.e., the first 22 s in the video for frequent viewers and 220 s
in the video for first-time viewers) was excluded from the time-
series analysis.

All values of Dspike and Dinterval were calculated using a modi-
fied version of a program provided by Victor and Purpura (1997).
The program was mainly developed in the Matlab and Visual
C++ environment. All p-values were two sided and a p-value
of 0.05 or less was assumed statistically significant. All statisti-
cal analyses were performed using EZR (Easy R, Saitama Medical
Center, Jichi Medical University; Kanda, 2013), which is a graph-
ical interface for R (The R Foundation for Statistical Computing,
Vienna, Austria, version 3.0.2).

Detecting the Onset of Laughter Elicited In Situ
To detect laughter, videos recorded in 30 frames per sec-
ond were coded using ELAN 4.5.1 (Max Planck Institute for
Psycholinguistics, Nijmegen), which has been developed for ana-
lyzing discourse processes and interactions among small-group
members in face-to-face communication. The period of laugh-
ter was detected in the frame as the smallest unit (33.4 Hz) using
only the sounds of the video. Each first frame was set as the
onset of that laughter. A researcher trained in the methods of
psychological study performed the coding procedure.

Results

Operational Checks
Laboratory Environment and Time Delay of Stimuli
Presentation
No difference in the degree of laboratory humidity was found
among the groups. Differences of time delays among the groups
were not significant (range 501 ± 88.69 ms).

Audience Knowledge about the Performer and the
Story
None of the non-experienced participants knew either the per-
former or the story. On the other hand, approximately a half of
the experienced participants knew the performer (the orthodox
performance: 46.67% and the modified performance: 33.33%)
and the story (the orthodox performance: 66.67% and the modi-
fied performance: 46.67%; Table 1).

Reliabilities of Scales
The α coefficients of the scales were 0.77 and 0.91 for humor
and experience of transportive experience, respectively. The coef-
ficients were high enough for the following analysis.

TABLE 1 | Percentages of participants with knowledge of the performer
and the story.

Experienced
participants

Non-experienced
participants

Knowledge in advance of the performer

Orthodox performance 46.67 0.00

Modified performance 33.33 0.00

Knowledge in advance of the story

Orthodox performance 66.67 0.00

Modified performance 46.67 0.00

n = 15 for each group.

Baseline of Asynchrony
To confirm that there was no difference in the total count of eye-
blinks per time between groups, ANOVA was used for the IBI
expressions of performer and viewing experience of the audi-
ence. The results showed nomain effect and no interaction. Thus,
the total rates or total numbers of eyeblinks were not different
among the groups. This result was supported even if the par-
ticipant’s age—a factor that may have influenced the total num-
bers of eyeblinks—was taken into account. Under the baseline
condition, only the main effect of audience viewing experience
was significant [F(1,338) = 9.84, p < 0.01]. The experienced
audience value of Dinterval was lower than that of the non-
experienced audience (0.62 vs. 0.70, p < 0.05 for orthodox video
and 0.60 vs. 0.71, p < 0.10 for modified video, respectively). This
fact may indicate that experienced audience members slightly
tend to synchronize their eyeblinks even when they are watch-
ing a video unrelated to domain knowledge (silent movie of
a group of fish). Owing to this result, in Section “Temporal
Pattern of Dinterval,” differences between the value of Dinterval

for experienced and that for non-experienced audiences were
accepted only when the effect size of this comparison exceeded
that of the baseline, and statistical values were significant. The
values of asynchrony under the baseline condition in each
group were relatively lower than those during video screening.
Because the stimulus used in the baseline condition contains only
visual information, the timing of the allocation would converge.
On the other hand, storytelling performances included audio-
visual stimulus requiring participants to integrate multimodal
information.

Multiple Regression Analysis
The mean and SD of IBIs followed logarithmic normal distri-
bution according to the nature-of-time relevant variable. In the
following analysis, logarithmic-transformed mean and SDs of
IBIs were used. To examine the relationships between variables,
zero-order correlations were calculated (Table 2). The coefficient
of correlation between transportive experience and humor was
very high (r= 0.772, p< 0.001). Knowledge of the performer pos-
itively correlated with transportive experience and humor. The
SD of IBIs did not have a salient correlation with other variables.

In order to explore which variables predicted the experi-
ence of transportation, a multiple regression analysis was per-
formed (Table 3). The results of multiple regression analysis
demonstrated that humor strongly predicted the experience of
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TABLE 2 | Zero-order correlation coefficients between variables used for
multiple regression analysis.

2 3 4 5 6

1. Transportation 0.772∗∗∗ 0.071 0.197† 0.262∗ 0.107

2. Humor – −0.008 −0.014 0.315∗∗ 0.191†

3. Mean of inter-blink
intervals (IBIs)

– 0.156 0.033 −0.028

4. SD of IBIs – 0.085 0.105

5. Knowledge of
the performer

– 0.703∗∗∗

6. Knowledge of
the story

–

N = 60, †p < 0.10, ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001.

TABLE 3 | Regression analysis of humor ratings, IBI statistical values, and
domain knowledge of experience of transportation.

B SE Standardized β t-test

Intercept 0.362 0.726 0.499

Humor 0.503 0.056 0.772 9.064∗∗∗

Mean of IBIs 0.047 0.101 0.038 0.462

SD of IBIs 0.432 0.171 0.208 2.525∗

Knowledge ofthe performer 0.102 0.140 0.085 0.724

Knowledge ofthe story −0.128 0.121 −0.121 −1.059

R = 0.806, R2 = 0.649, ∗p < 0.05, ∗∗∗p < 0.001.

transportation (β = 0.772, p < 0.001). SD of IBIs also regressed
on the experience of transportation (β = 0.208, p < 0.05).
The other variables such as age, gender, means of IBIs, and
domain knowledge (the performer and the story, dummy vari-
ables) exhibited no significant effects. The zero-order correla-
tions between the domain knowledge and transportive experience
were weakened by taking the other variables into considera-
tion. The coefficient of determination was considerably high
(R2 = 0.64).

Experience of Transportation
To reveal the effect of the performer’s expressions and audi-
ence viewing experience, the factor design was a two-way
ANOVA performance (between the 2nd level; for frequent
viewers and first-time viewers) × experience of audience
(between the 2nd level; experienced and non-experienced).
The dependent variables analyzed included the score of
humor scale and the score of the transportation scale. When
humor and transportation scale scores were combined, the
main effects and interaction between performance and expe-
rience of audience were not significant. For the transporta-
tion scale score, the effect of experience was marginally sig-
nificant, indicating that the score of the experienced audi-
ences was very slightly higher than that of the non-experienced
[F(1,56) = 2.963, p < 0.10, experienced 2.58 vs. non-experienced
2.37]. In addition, the simple main effect (corrected Bonferroni’s
method) of the experienced audiences was marginally sig-
nificant (0.30, SE = 0.17, p < 0.10, experienced 2.69 vs.
non-experienced 2.39).

Eyeblink Synchronization
Estimated Similarity of IBI Patterns
The difference between Dinterval and Dspike indicates the similar-
ity of the IBI patterns within two trains (Figures 1A,B). As the
results of the two-way ANOVA (viewing experience × video)
data of 10 scenes showed, the main effect of the viewing experi-
ence was significant [F(1,2066) = 25.38, p < 0.0001, Figure 1D).
Sub-effect tests revealed that the estimated similarity in eyeblinks
of the experienced audience was higher than that of the non-
experienced audience in both performances (p < 0.001, 0.15 vs.
0.09 and p < 0.05, 0.14 vs. 0.11). In addition, the estimated simi-
larity in eyeblinks during the orthodox video was higher than that
of the modified video (p < 0.01, 0.12 vs. 0.10).

Temporal Pattern of Dinterval

In the first six scenes (0–30 min) of each video, the average
Dinterval within a group of experienced participants was signif-
icantly higher than that of the non-experienced participants,
with the exception of 25 min of the orthodox performance. All
of the effect sizes of these comparisons exceeded those of the
comparisons observed under the baseline condition. Regarding
homogeneity of variances, the null hypothesis that the true ratio
of variances is equal to 1 was rejected at Dinterval from 15 to
30 min of the orthodox video and during all Dinterval of the mod-
ified video (not shown in Figure 2). Overall, the index Dinterval of
the participants who had viewing experience remained low while
watching both the orthodox video (Figure 2A, orange line) and
the modified video (Figure 2B, orange line). Non-experienced
participants who watched the modified performance gradually
reduced eyeblink asynchrony as the story developed (Figure 2B,
blue line). On the other hand, even non-experienced partici-
pants had reduced asynchrony as of the first few minutes to the
end of the story while watching the orthodox video (Figure 2A,
blue line). The SDs for experienced participants also stayed rela-
tively small while SDs for non-experienced participants decreased
throughout the performance.

Effect of Laughter
In the case of the orthodox performance, the results of above
mentioned ANOVA demonstrated relatively lower levels of
Dinterval for even non-experienced participants as of the begin-
ning of the performance. However, these effects for non-
experienced participants were not observed in the modified per-
formance, possibly because of the differences between audience
responses in situ reflecting changes in the emotional expression
of the performance. In order to reveal the possible influence of
laughter on the difference in Dinterval, the number of eyeblinks
occurring at, before, and after the onset of laughter was com-
pared. A three-way ANOVA was performed on the number of
eyeblinks in each unit was normalized to a z-score across the
performances (Figure 3). The factor design of this ANOVA was
video (between the 2nd level; orthodox and modified) × expe-
rience of audience (between the 2nd level; experienced and
non-experienced) × timing (between the 12th level; the time
of six units before onset and six units after onsets of laughter).
First, Mauchly’s test was conducted to check sphericity. All of
the test statistics were not significant. We then used type III
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FIGURE 2 | (A,B) Asynchrony of eyeblinks among participants at each scene
(5 min) during appreciation of videotaped performance (A), which is orthodox for
frequent viewers, and (B), which is modified for first-time viewers. Mean Dinterval

among all possible pairs within each group were calculated. Error bars shows

the SD. Asterisks and obelisks indicate the p-values of t-tests assuming unequal
variance, which were performed in each scene between experienced audience
vs non-experienced audience. P-values corrected by the method of Bonferroni
were used. ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001.

FIGURE 3 | (A,B) z-scores of eyeblinks before and after onsets of laughter recorded in performance (A) Orthodox and (B) Modified. Error bars show the SD. An
asterisk indicates a p-value of one sample t-test for the mean against the null hypothesis. P-values corrected by the method of Bonferroni were used. ∗p < 0.05.

sum of square repeated measures ANOVA assuming sphericity.
The main effects of time were significant [F(11,3916) = 1.853,
p < 0.05) and none of the other main effects and interac-
tions were significant. To identify the sub-effect, a two-way
ANOVA for each video (orthodox and modified) was exerted.
The results demonstrated that the main effect of timing was sig-
nificant during the orthodox video [F(11,2420) = 2.21, p < 0.05).
We performed one sample t-test for the mean against the null
hypothesis (μ is 0) using a p-value collected by the Bonferroni’s
method. Only a time point 1.25–1.50 s after the onset of laugh-
ter in the video was significantly higher than 0. All means at

the other time points were not significant for rejecting the null
hypothesis.

Discussion

Mechanisms of Transportation
Participants’ eyeblinks synchronized among the non-experienced
audience at a level equivalent to that of the experienced partici-
pants through an appreciation of the performance (Figure 2A).
As enough information seemed to be presented in each
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performance, even non-experienced participants appeared to be
able to construct a situation model using only a temporally accu-
mulated knowledge of the story by comprehending the storyline
and the personalities of the characters. On the other hand, the
SDs of the experienced participants tended to be lower than those
of the non-experienced participants. This result suggests that
the audience’s domain knowledge cultivated by viewing experi-
ence aids in the construct of similar situation models among the
audience. The results of estimated similarity of the IBI pattern
(Figure 1C) also suggest that experienced audiences, compared
to non-experienced audiences, respond in more reproducible
ways within each group. Although not all experienced partici-
pants knew the story or the performer perfectly, the experience
of the participants helped to synchronize their eyeblinks. Thus,
results were obtained by application of knowledge regarding
typical developing patterns of storylines in the field of Rakugo
performance.

However, in this experiment, the situation model supported by
domain knowledge did not explain an experience of transporta-
tion fully (Figure 1D). The results of the ANOVA concerning
transportation showed that the main effect of audience experi-
ence was weak. The results of the multiple regression analysis
indicated that humor and SD of IBIs predicted a transportive
experience. Other variables had no predictive effects. Van Laer
et al. (2014) reveals that age, gender, and knowledge gained by
education, among other variables, affects the degree of a trans-
portive experience, based on a review of several articles (e.g.,
Stern, 1992; Green and Brock, 2000; Diekman and Murnen,
2004). However, the apparent effects relating to the degree of
viewing experience and other demographic variables seem to be
peripheral. The SD of IBIs suggests that an individual’s allocation
of attention varies more frequently as he or she is inclined to pre-
dict upcoming events (Nomura andOkada, 2014). It could be said
that the eyeblink-rate variability is accompanied by emotional
excitement. This emotionally motivated eyeblink-rate variabil-
ity might be attributed to the expressiveness of a performance
and corresponding humor in situ. Because the same story was
performed by the same performer, the differences of asynchrony
must depend on the performance rather than the structure of the
story. As described so far, the twomechanisms that wementioned
earlier seemed to be confirmed. It was suggested that the emo-
tionally excited eyeblink-rate variability could be a good predictor
of transportation.

The possibility of eyeblink occurrence increased at 1.25–1.50 s
after the onset of laughter. This result suggests that laughter
by the surrounding audiences functions as a cue for further
processing (Nomura and Maruno, 2008). A time delay from
the onset of laughter may be due to a time lapse between
recognition and reinterpretation of a situation in the story.
However, the effect was confirmed only during the orthodox
performance. For non-experienced audiences, estimated pattern
similarity (i.e., formation ratio of temporal patterns, “motif”)
was also higher for those who watched the orthodox video than
those who watched the modified video, as shown in Figure 1D.
These results suggest that even non-experienced audiences syn-
chronize their eyeblinks, to some extent, when appreciating a
performance acted in the orthodox way usually seen in theaters.

The performance that amuses experienced audiences would seem
to simultaneously exert this effect on non-experienced audi-
ences.

Although the effect of the viewing experience was confirmed,
it was weak. A non-experienced audience might devote signifi-
cant cognitive resources to comprehending the contents of the
story, leaving very little for other resources. In contrast, an expe-
rienced audience might be engaged in a transportive experience
by sparing cognitive resources in order to appreciate the details
of expression, especially for an orthodox performance. The expe-
rienced audience might sometimes pay attention to a particular
nuance of expression by each artist rather than simply enjoy
the contents of the performance per se. Actually, in the free
description about their impressions of the performance, some
experienced audience members answered that the performer
appeared to inherit the traditional style of Rakugo compared to
the other performers in his generation. A viewing experience
does not always lead to transportation. An implicit selection of
information and a resupply of emotionally excited attention lead
to a precise prediction of the next plot twist and an engross-
ing experience. Overall, a transportive experience would actualize
under a situation in which both active leading by performance
and active anticipating by the audience occur. In this sense, a
performer and audience share the responsibility to create trans-
portive enjoyment in a vaudeville setting. A performer would act
as the leader in providing his/her creative expressions and the
audience would play the role of actively anticipating the created
world of the story.

Dynamic Indices and Future Direction
The findings about the underlying mechanisms in real-time
processing are significant in the research field of transportive
experience that has focused on the traits of the receiver (see
Van Laer et al., 2014). In particular, the predictive power of
eyeblink-rate variability during viewing performance implies that
people experience transportation through active coordination of
specific external audio-visual information. Both eyeblink syn-
chronization and eyeblink-rate variability could be useful mea-
surements for researchers to infer the inner experience of audi-
ence members by observing unintentional behaviors objectively.
The results of this study also suggest that emotional excitement
motivates more attentional cognitive resources onto the actor’s
expressions and the structure of the story. In this study, the
positive emotion (i.e., humor) is strongly related to the trans-
portive experience because the performance is oriented to cre-
ate a sense of enjoyment or exhilaration in the audience in a
vaudeville setting. However, it is not surprising if the feelings of
thrill or suspense predict a transportive experience at the cin-
ema. Future research is necessary to examine the relationships
between excitement of other kinds of emotion and transportive
experiences.

A possibility exists that transportation is weakened com-
pared with that experienced through live performance because a
videotaped performance cannot preserve the atmosphere in situ.
Further study is necessary to clarify whether or not emotion-
ally excited eyeblink-rate variability more strongly facilitates the
transportive experience in real vaudeville settings. Although the
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humor experience was evaluated retrospectively owing to oper-
ational limitations in this study, future research will reveal the
time-sequential relationships between transportation, emotional
excitement, and eyeblink-rate variability by measuring ongoing
physiological indices such as skin conductance, heart rate, and
aspiration rhythm.
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