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Objective: The present study aimed to examine whether the story understanding of a nonex-
planatory film affects mirror neuron system (MNS) activity and to discuss the interactive process
involved in generating empathy for fictional characters during participants’ viewing of the film
under natural viewing conditions.

Methods: The material of the experiment was a Japanese film entitled Dolls. It is a nonex-
planatory fiction film, in which the two (male and female) main characters show only minimal
actions or facial expressions; therefore, the viewers hardly understand the story until it has been
developed to some extent. We measured twelve participants’ MNS activity by using near-infrared
spectroscopy during the viewing of the first 20 minutes of the film. Additionally, we measured
the brain activity while performing their own hand and leg motions after viewing the film to
identify their motor cortices.

Results: The results showed that the viewer’s MNS activity increased gradually as the introduc-
tory part of the story developed. Subsequent analyses revealed a significant increase in MNS
activity in the later chapters of the film at the right premotor and supplementary motor cortices
(P<0.05). Furthermore, there was a significant correlation between the MNS activity and the
Interpersonal Reactivity Index scores (P<0.05).

Conclusion: These results indicate that the viewer’s MNS activity was enhanced by the story
understanding of a fiction film. We suggest that MNS activity during viewing fiction films can
be used as a measure of how much the story, and rhetoric of a narrative, induces empathy in the
viewers even if characters show only minimal actions or facial expressions.

Keywords: mirror neuron system, MNS, empathy, nonexplanatory film, story understanding,
premotor cortex

Introduction

Empathy has been defined as the state where perceivers represent the same emotion
they are observing or imagining in another person with full awareness that the source
of their own experience is the other’s emotion.! All factors that constitute, or stem
from, the concept of empathy have been explored under various conditions in neu-
roscience. Such enthusiastic exploration of the mechanisms of empathy reflects the
perception that empathy is generally understood to be the basis of humans’ prosocial
nature and the cognitive capacity needed for altruistic behavior.> Taking into account
the requirement for investigation of empathy based on social interests and real-life
issues, the present study focused on relationships between empathy and depictions in
a fiction film, an issue which has rarely been investigated. By measuring brain activ-
ity of participants viewing a fiction film under natural viewing conditions with no
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experimental interventions, the present study examines and
discusses the interactive process involved in generation of
empathy for the film.

Using a methodologically inventive approach shared by
Hasson et al® and Bartels and Zeki,® natural viewing condi-
tions were adopted for this experiment in order to avoid the
potential problem of using data obtained from an experiment
performed under limiting conditions in order to discuss
cognitive states present during natural viewing. Thus, the
present study was conducted based on the hypothesis that
the mirror neuron system (MNS), which is activated by a
network of neurons in multiple brain areas involved in the
motor function of the subject when the subject performs an
action and observes the same action being performed by the
target, is the main neural basis for emotional empathy.””
Overlap of cortical activation during self-produced actions
and actions observed from others can be interpreted as
“isomorphic” affective states; that is, sharing of the same
emotion by the perceiver and others.!*'* Research in MNS
suggest that actions and facial expressions are generally
considered to be the main information to be provided by
others to evoke such isomorphic affective states in the per-
ceiver.'>!® However, based on a presumption that the MNS
activity can be induced during the viewing of a fiction film
by information obtained not only from relevant actions and
facial expressions of characters in the film but also from
elements that do not belong to the characters, such as story
and directorial technique, the present study intentionally
used, as the material of the experiment, a nonexplanatory
fiction film in which characters show only minimal actions
or facial expressions while providing intentionally limited
lingual information that might complement their constrained
actions or facial expressions.

“Minimization of explanatory elements” is a common
world-class filmmaking technique, which is supported by
internationally respected film directors. How do mirroring
related to the MNS and neural activation that infers the mental
state of others (mentalizing) interact to construct cognition
in the brain of the perceiver viewing a film with minimal
explanatory elements? To investigate this point, we employed
Dolls, directed by Takeshi Kitano (http://www.office-kitano.
co.jp/dolls/), which was judged to be the most suitable mate-

rial for the present study because of its tragic love story
which would likely induce empathy for the characters while
explanatory elements were used as little as possible.

In associated fields such as psychology and cognitive
science, only a few studies of empathy in fiction films have
been conducted.!'° Meanwhile, in the field of neuroscience,

a small core of researchers has been researching this
issue intensively, building a solid foundation for further
research.>?-22 Most natural viewing studies emphasize the
necessity of doing experiments without strict constraints,
in which participants are allowed to focus naturally on the
presented stimulus, while most of those utilizes functional
magnetic resonance imaging. In the present study, we use
near-infrared spectroscopy (NIRS), which is a noninva-
sive neuroimaging method that measures changes in the
oxyhemoglobin (oxy-Hb), deoxyhemoglobin (deoxy-Hb),
and total-hemoglobin (total-Hb) concentrations.?* NIRS
has been applied to various cognitive studies, including
sensorimotor, visual perception, language, and executive
functions; developmental studies; and clinical studies.?*
NIRS makes it possible to measure brain activity in a nearly
“natural state” with almost no physical constraints given
to participants. This is the methodological superiority that
is not fulfilled by the experiment that utilized functional
magnetic resonance imaging.

Our greatest concern here is not to generally specify the
activated brain regions during film viewing but to show the
process of empathy by the data extracting overlap of fictional
characters and perceiver’s motor cortex. The standpoint of the
present study is based on the knowledge that MNS activity
contributes to represent a person’s action that in turn leads to a
deeper understanding of the internal states such as intentions
or emotions of another person.?’ Moreover, the present study
explores how neuroscience can be used to investigate films
further in an artistically valid manner. The methodology of
neuroscience is expected to provide useful suggestions as to
how films are studied.

Methods

Participants

Twelve healthy adult individuals (six females and six males,
aged 19-23 years; mean * standard deviation: 21.08%1.44
years) participated in the experiment. None of these partici-
pants had watched this experimental material before, and all
but one did not know the film, which was confirmed on the
basis of the verbal report. All participants were undergraduate
or graduate students at School of Science and Technology,
Meiji University, and had normal vision and hearing. They
were paid a small fee for participating in this experiment.
Written informed consent was obtained from all participants.
The experiment was approved by the ethics committee of the
School of Science and Technology, Meiji University, and was
conducted in accordance with the principles and guidelines
of the Declaration of Helsinki.
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Experimental environment

A television monitor 47LW5700-JA (47” display size; screen
inside diameter: 58.6 cm height X 104.3 cm width) made by
LG was used for the experiment. Participants’ seating con-
sisted of swivel chairs with arms, placed so that the central
axis of their legs was above a line 140 cm away from the front
ofthe TV screen. This allowed a distance of ~140 cm between
the screen and the eyes of each participant. The experiment
was performed in a laboratory with the lights dimmed.

Material

The material of the experiment was a Japanese film entitled
Dolls (directed by Takeshi Kitano, 2002) depicting Matsu-
moto (Hidetoshi Nishijima), who rejects his engagement with
his fiancée, Sawako (Miho Kanno). In despair, she loses her
sanity and ends up in a doll-like state, losing her mind and
ability to speak. Seeing her suffering, Matsumoto decides to
share her destiny for the rest of his life. The film shows his
quiet masculinity and his and Sawako’s strong love for each
other together with a sense of emptiness. Since the film’s
focus is on these two main characters “wandering together
silently”, it appears to provide little information needed to
evoke empathy among viewers. However, this extremely
limited information is conversely likely to stir the imagina-
tion of viewers.

The individual chapters of the film are summarized as fol-
lows: Chapter 1 (0:00:00—0:00:44) shows the title and open-
ing credits. Chapter 2 (0:00:45-0:06:34) consists of scenes
from “The Courier of Hell” (Meido No Hikyaku), a Bunraku
(Japanese puppet drama) play. Chapter 3 (0:06:35-0:08:47)
adopts the narrative technique of antichronological order,
showing the story’s present. Sawako, who has lost her mind
and ability to speak, and Matsumoto, who has decided to
share her destiny, are wandering under flowering cherry trees,
bound together by a piece of red string. In Chapters 4 and 5,
which are back in time, the background of the story is nar-
rated. The main setting of Chapter 4 (0:08:48-0:12:01) is a
church where Matsumoto, who has broken up with Sawako,
is about to marry the daughter of his company’s president. In
Chapter 5 (0:12:02-0:16:21), Matsumoto leaves the church
after being informed of Sawako’s suicide attempt and drives
to the hospital to which she has been admitted. Chapter 6
(0:16:22—0:21:00) shows a hospital scene where Matsumoto
sees Sawako, who appears dissociated.

Perceivers are generally expected to respond to the
visual images and story summarized above as follows:
In Chapter 3, where the two main characters appear for
the first time, perceivers are most likely to be unable to

understand the meaning or background of their wander-
ing because of the inverted structure of the chapter. When
viewing Chapter 4, which shows friends talking while
visiting Matsumoto to attend his wedding ceremony, and
scenes from the story’s past, associated with their conver-
sations, perceivers may gradually understand what has
happened to the couple. In Chapter 5, where past images
of their golden time together, and shots of Sawako losing
her sanity are shown with a prolonged shot of Matsumoto
displaying a serious facial expression while driving to the
hospital, perceivers with growing understanding of the
couple’s situation may begin to respond emotionally to
it. In Chapter 6, where the couple finally see each other,
they both remain speechless and motionless without even
making eye contact. There is a prolonged, silent shot of
Sawako, who may or may not recognize him, and Matsu-
moto, who fixes his eyes on her in a peculiar way. In the
course of narrative development from Chapter 5 to this
scene in Chapter 6, perceivers are expected to have mixed
feelings with emotional empathy?*® for Sawako while blam-
ing Matsumoto who has unreasonably betrayed her trust in
him and cognitive empathy*® evoked while trying to discern
the inner feelings of Matsumoto.

NIRS measurement

A multichannel NIRS unit operating at 780-, 805-, and 830-
nm wavelengths (OMM-3000, Shimadzu, Kyoto, Japan) was
used to measure temporal changes in concentrations of oxy-
Hb, deoxy-Hb, and total-Hb. Sixteen optodes were placed on
the left and right motor regions in a lattice pattern to form 24
channels for each hemisphere, centered at the C3 and C4 of
the EEG 10-20 system (9x9 cm square area). Each channel
consisted of one incident optode and one detecting optode
located 3 cm apart from the incident optode. The sampling
rate was ~10 Hz. An extensive description of NIRS theory
can be found elsewhere.?

Procedure

Participants were seated and then viewed the opening of Dolls
(0:00:00-0:21:00; Chapter 1 to the middle of Chapter 6) on
the screen in a natural setting while their brain activity was
measured using NIRS. The experiment was done individu-
ally. The NIRS data obtained during Chapter 3 (0:06:35~)
and subsequent chapters, in which the two main characters
appeared, were analyzed. After viewing the film, participants
were instructed to clasp and unclasp their handset about 1-2
Hz (hand motion condition for 5 seconds) or tap their feet
while sitting on the chair (leg motion condition for 5 seconds)
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so that we could identify activated regions of interest (hand
and leg motor region in the motor cortex) in the present
study. Their brain activity during these motions was also
measured. According to the experiment protocol, a 20-second
rest was allowed to settle their brain activity before starting
each motion, and a set consisting of a 5-second pretask rest,
5-second (hand or leg) motor task, and 10-second post-task
rest was repeated six times. A 60-second rest was provided
between a hand motion session and a leg motion session.

Data analyses
The film was analyzed each second and flagged according
to whether it included any of the following ten regressors
to create a design matrix: 1) main male character, 2) main
female character, 3) two main characters, 4) other characters,
5) dialogue, 6) switch of shots, 7) switch to the past or the
future and omission of time in the present tense, 8) motion
of camera, 9) motion of objects, and 10) slow motion. The
regressors of interests were 1, 2, and 3, and the regressors
of no interests were 4—10. Note that we flagged regressor
3 (two main characters) only when both male and female
main characters appeared on the screen at the same time,
and unflagged regressors 1 and 2. NIRS data obtained dur-
ing film viewing were analyzed for each participant using
a general linear model, and a group test was performed for
each chapter in terms of the three regressors of interest to
examine whether there was any significant activation for each
channel. Similarly, NIRS data obtained during the hand and
leg motion sessions were also analyzed for each channel.
Participants were asked to complete the Interpersonal
Reactivity Index (IRI) as well as the questionnaire survey
with regard to Dolls after NIRS data acquisition. In Davis’
IRI, conventional emotional empathy scale that cogni-
tive components were downplayed was reexamined and
reconstituted into four dimensions by both cognitive and
emotional components.?!*2 Perspective-taking measures the
tendency to spontaneously adopt the psychological point of
view of others. Fantasy measures respondents’ tendencies
to transport themselves imaginatively into the feelings and
actions of fictional characters. Empathic concern assesses
feelings of compassion and concern for unfortunate others.
Personal distress assesses “self-oriented” feelings of personal
anxiety and unease in response to others’ tense experiences.
Perspective-taking and fantasy were designed to measure
the cognitive components of empathy. Empathic concern
and personal distress were designed to assess the emotional
components of empathy. Higher scores of each dimension
represent higher empathic tendencies. IRI is frequently used

as a measure for social cognitive abilities or empathy in
functional neuroimaging literature.33-

Results

From the analysis of data obtained during the hand and leg
motion sessions, five channels of left hemisphere (ch-1, 2, 5, 13,
15) and three channels of right hemisphere (ch-26, 30, 34) were
identified as motor cortices (P<0.05, Bonferroni-corrected;

Figure | The channels of the left hemisphere functionally identified as motor areas
(red circles).

Figure 2 The channels of the right hemisphere functionally identified as motor
areas (red circles).
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Figures 1 and 2). For these eight channels, a one-factor analysis
of variance was performed for changes in motor cortex activity
in chapters in terms of the three regressors related to the main
characters. Findings included the main effect of the chapter,
in the right premotor cortex and supplementary motor cortex
for the regressors: the main female character (ch-34: F[3,
33]=6.169, P<0.05, false discovery rate-corrected) and the two
main characters (ch-30: F[3, 33]=5.016, P<0.05; ch-34: F[3,
33]=7.054, P<0.01, false discovery rate-corrected; Figures 3
and 4). Using a Tukey’s honestly significant difference test to
compare activity among chapters, a significant difference was
detected in the amplitude of activity between Chapters 5 and
6 in the two main characters’ condition at ch-30 and ch-34
(Chapter 5 < Chapter 6: ch-30; P<0.05, ch-34; P<0.01) . There
was a significant correlation between the brain activity for the
two main characters’ condition in Chapter 6 at ch-30 and the
fantasy in IRI3"*2 (7=0.589, P<0.05; Figure 5).

In a questionnaire survey conducted after the experiment,
the following participants’ comments were obtained: “I had
no idea what the two main characters are doing and what this
depiction represents” (Chapter 3), “I gradually began to under-
stand what is going on in this story” (Chapters 4 and 5), and “I
finally realized that this scene would be the beginning of this
story, and the story so far made sense to me”” (Chapter 6). These
comments showed that the participants’ story understanding
was advanced gradually; that is, they came to understand the
story plot and structure when their viewing arrived at Chapter
6 while it was vague at the beginning of the film (Chapter 3).

Discussion

Takeshi Kitano, the director of Dolls, commented that he
basically wanted to show the beauty of the scenery in the
film.> In addition to limited dialogues and explanation of
situations, the film highlights the blank expressions of the two
main characters, as if refusing to provide viewers with any
information about their current emotions and thus emphasizes
a gap between their happy days in the past and their current
wrecked state. Such techniques contribute to creating a
unique atmosphere in the film. Chapter 2 shows Bunraku pup-
pets as the connotation of the story in the film, and Chapter
3 shows a symbolic image of the story for the first time; that
is, the couple wandering, bound by a red string, through four
seasons after experiencing core events of the story that have
caused this wandering. The flow of time of associated events
leading to the behavior or situation is depicted little by little
in Chapter 4 and the subsequent chapters. Seeing the opening
part of the film, which uses a narrative structure called analep-
sis, perceivers are obliged to experience a cognitive process
where they do not clearly understand the behavior or situation

| Male Female Two main characters

-1.0

Chapter 3 Chapter4  Chapter 5 Chapter 6

Figure 3 Activation changing of ch-30 (right premotor cortex and supplementary
motor cortex).

Notes: Figure indicates results of one-factor analysis of variance and significance
level. ¥P<0.05. Male, main male character; Female, main female character.

Male Female Two main characters

5.0

4.0

3.0

Z-value

2.0
1.0

0.0

-1.0

Chapter 3 Chapter 4 Chapter 5 Chapter 6
Figure 4 Activation changing of ch-34 (right premotor cortex and supplementary
motor cortex).

Notes: Figure indicates results of one-factor analysis of variance and significance
level. ¥P<0.05 and **P<0.0l. Male, main male character; Female, main female

character.

r=0.589

Z-value
N W b OO0 N

o =

0 10 20 30 40
Fantasy score in IRI

Figure 5 Correlation between the brain activity for two main characters’ condition
in Chapter 6 at ch-30 and the “Fantasy” in Interpersonal Reactivity Index.
Abbreviation: IR, interpersonal reactivity index.

of the two main characters in Chapter 3. The intentionally
limited dialogues and facial expressions of the couple also
increase stress on perceivers as they struggle to understand
the narrative situation. Due to the temporal distortion of the
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story and small amount of information provided, perceivers
are required to speculate about the emotions and inner states
of the couple while viewing the scene.

Responding to this material in the experiment, activations
of the right primary motor cortex (ch-26) and right premo-
tor cortex/supplementary motor cortex (ch-30, ch-34) were
significantly enhanced. This result indicates that mirroring
occurred in the brain of participants trying to understand the
emotions and inner states of the couple by simulating the
narrative situation using their own motor program. To a ques-
tion, “What were you thinking while viewing each chapter?”
in a questionnaire survey conducted after the experiment,
eight of the 12 participants replied, “I was wondering what
Matsumoto was thinking”, and six participants replied, “I
felt sorry for Sawako”. These responses demonstrate that
participants were obliged to undergo cognitive process-
ing to speculate about the emotions and inner states of the
couple throughout the time of viewing the film and that,
as a result, their sympathy for Sawako, that is, emotional
empathy, was evoked.

However, taking into account the observation that motor
cortical activation in the two main characters’ condition
remained low during Chapters 3—5, in contrast to the mark-
edly enhanced activation in Chapter 6, and that a significant
difference in activation was detected between Chapter 6 and
Chapters 3—5 using multiple comparisons, the brain activity
system that serves as the basis for the above cognitive pro-
cessing was likely to have greatly altered at the beginning
of Chapter 6. While viewing Chapters 3—5, participants had
to construct their basic understanding of Matsumoto and
Sawako by speculating to some degree about the emotions
and inner states of the couple, consolidating the limited
information provided, and simulating the flow of the narra-
tive. This processing, termed cognitive empathy, is handled
by a highly sophisticated cognitive perspective-taking system
related mainly to the medial prefrontal cortex, and this dis-
tinct inner process, mentalizing, is believed to interact with
mirroring.’”** When participants viewed the film from Chap-
ters 3 to 5, although premotor cortical activation remained
comparatively low, the brain activity in regions involved in
mentalizing was thought to be activated as the basis for cog-
nitive empathy requiring conscious efforts. During Chapter
6, where Matsumoto saw Sawako in the presentation of the
film’s diegesis, mentalizing became less necessary and was
anticipated to switch to MNS activity instead, which can be
activated less consciously and more automatically compared
with mentalizing, leading to the generation of emotional
empathy. In this way, it can be said that the necessity to select

a fiction film with the temporal distortion of the story such as
Dolls was high for the present study. This is because it was
necessary to pose a riddle to the viewer at the beginning of
the story in order to produce a shift in brain activity toward
emotional empathy after introspective thoughtful reasoning
had been stimulated in the viewer.

Given that activation of the MNS generally requires the
perceiver’s observation of the actions and facial expressions
presented by the target, the present study’s presumption is
supported by the experimental results—participants displayed
activation of the MNS when viewing Chapter 6, which
showed the couple seeing one another, despite the fact that
little emotion or information about the inner state of the
couple was presented by the two main characters, even in
this chapter. This result may have been attributable to effects
of the story (presentation of context) and of the nonexplana-
tory style of the film. While gradually developing the story,
the film did not provide perceivers with all the information
needed for their understanding of the story and substantially
allowed them to use their own imagination to make up for
the lack of information. This skillful approach to the film’s
structure created by combining the story and presentation
has likely contributed to the enhancement of the “fantasy”
as a significant activity. From a neuroscientific perspective,
world-class filmmaking may aim to activate conscious,
reflective, and inferential thinking and then early automatic
and unconscious process of understanding emotion in a
successive or complex manner by skillfully controlling how
information or how much information is provided to perceiv-
ers, as shown in the film Dolls.

The present study challenges an issue with few examples
in the field of neuroscience, to investigate activation change
during film viewing and the suggested coordinated rela-
tionship between story understanding, MNS, and empathy.
This is the meaningful suggestion at the point where the
perceiver’s activation change of MNS under the condition
that another person targeted for empathy lives in the fictional
world was measured. The results of the present study will
greatly contribute to the progress of neuroscience in the
coming years, which mainly takes interest in the characteris-
tics and activation conditions of the MNS. However, the pres-
ent study employed a small sample, and as several relevant
measurement variables could not be managed, there is a
limitation of the generalizability of the result, for example,
no control of physiologic variables, such as hormone level
and menstruation in females. In future studies that succeed
the purpose, methodology, and results of the present study,
those flaws should be overcome progressively, and the
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generalizability of the result must be raised definitely. The
material like a film, with a great deal of variables, is difficult
to fit into the paradigm of experimental science. This kind
of natural viewing study in psychology or cognitive science
that is going to clarify cognition when viewers watch any film
itself as the finished product, not image edited or processed
for experiments, has two weak points as the experimental
science, namely, 1) variables of film side cannot be controlled
strictly and 2) the data cannot be acquired without depending
on a subjective report of viewers. Correspondingly, there
is no doubt that the methodology of neuroscience, which
provides credible evidence through physical measurements
of brain activity, overcomes such limitations of previous
film cognition research in psychology or cognitive science
and will make it possible to develop detailed discussions.

Conclusion

In order to examine and discuss the interactive process of
empathy related to a fiction film, the brain activity of par-
ticipants was measured using NIRS as they viewed Dolls, a
nonexplanatory Japanese film. Experimental results showed
that the premotor cortical activation remained relatively low
when participants viewed the film from Chapters 3 to 5, which
required them to speculate and introspectively understand the
behaviors and situations of the two main characters, from
their past to the narrative present, but in Chapter 6, where the
couple see one another in the narrative present, the premotor
cortical activation was markedly and significantly increased.
The present study suggests that the brain activity system
that serves as the basis for empathy for fictional characters
switched substantially from the cognitive perspective-taking
system to the MNS, in other words, from mentalizing to
mirroring.
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