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Abstract

The present study examined interpersonal synchrony during psychological
counseling, focusing on heart rate synchrony. In psychological counseling and
psychotherapy, embodied synchrony is considered an important factor related
to building rapport and empathy. Recent interpersonal synchrony/coordination
studies have addressed this issue, not only at the behavioral level but also at
the neurological (brain activity) and physiological (cardiac activity) levels.
However, there is little known literature on heart rate synchrony in a psycho-
logical counseling context. Therefore, we conducted a single exploratory case
study to ascertain whether heart rate synchrony was observed in a counseling
session and how it related to therapeutic processes and psychological issues.
One male university student and one male clinical psychologist participated in
our experiment. The student had a counseling session for 50 minutes. Video
data were recorded and two wearable sensors were attached to the chests of
both participants to collect heart rate data. We applied nonlinear time series
analyses, based on a recurrence analysis, to the heart rate data to quantitative-
ly assess heart rate synchrony. A qualitative analysis was also conducted by
three clinical psychologists, based on video data from the viewpoints of clini-
cal psychology and psychotherapy. The results show that the heart rate syn-
chrony between client and therapist was observed and changed dynamically
during the session. The present study suggests that heart rate synchrony may
occur in some clinically important scenes and reflect psychological factors
(e.g., building rapport and empathy) and social relationships (e.g., lead-
er-follower). The present study shows the applicability of recurrence-based
analyses to complex heart rate data during psychological counseling, as ex-
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plored in other interpersonal synchrony studies. Further examinations using
more data from multiple viewpoints are expected to support our findings and
cast light on the relationship between embodied synchrony and psychological
issues in the context of psychological counseling and psychotherapy.

Keywords

Psychotherapy, Embodiment, Interpersonal Coordination, Heart Rate,
Recurrence Analysis

1. Introduction

One definition of synchrony is the dynamic and reciprocal adaptation of the
temporal structure of behaviors between interactive partners (Delaherche et al.,
2012). This type of interactive and interpersonal synchrony/coordination has
been investigated within various research fields, including social psychology,
clinical psychology, cognitive science, robotics (e.g., Bernieri & Rosenthal, 1991;
Keller, Novembre, & Hove, 2014; Koole & Tschacher, 2016; Schmidt & Richard-
son, 2008; Wachsmuth, Lenzen, & Knoblich, 2008). It is said that interpersonal
synchrony/coordination is associated with psychological factors and social func-
tions such as building rapport or trust (e.g., Bernieri, 1988; Miles, Nind, & Ma-
crae, 2009). It facilitates communication and cooperation and is also linked to
psychological factors such as closeness, affiliation, and empathy (e.g., Hove &
Risen, 2009; Vicaria & Dickens, 2016; Wiltermuth & Heath, 2008). Recently, in-
terpersonal synchrony/coordination has been observed not only in body move-
ments, but also in brain activities (e.g., Dumas, Nadel, Soussignan, Martinerie, &
Garnero, 2010; Tognoli, Lagarde, DeGuzman, & Kelso, 2007) and cardiac activi-
ties (e.g., Konvalinka et al., 2011; Mitkidis, McGraw, Roepstorff, & Wallot,
2015). One of the interesting points is that since brain and cardiac activities
cannot be voluntarily controlled, these synchronized phenomena emerge spon-
taneously. These activities also show complex and interesting features in their
time series, because they can be considered a self-organizing system having non-
linear interactions among their components at multiple time scales (e.g., Kelso,
1995; Richardson & Chemero, 2014; Sleimen-Malkoun, Temprado, & Hong,
2014).

In psychotherapy studies, interpersonal synchrony/coordination has been
seen as an important and relevant aspect of therapeutic skills (Tschacher & Ber-
gomi, 2011; Tschacher & Pfammatter, 2016). Researchers have argued that non-
verbal synchrony is associated with session-level processes and therapy out-
comes (Ramseyer & Tschacher, 2011) and that embodied synchrony can act as
an indicator, reflecting the mental process of a client or counselor (Nagaoka,
Yoshikawa, & Komori, 2006). These previous studies have applied quantification
methods (e.g., image-processing techniques) to video data to measure interper-
sonal bodily synchrony/coordination, using objective evidence to reveal the im-
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portance of such embodied interpersonal synchrony/coordination in psychothe-
rapy (for reviews, Koole & Tschacher, 2016; Ramseyer & Tschacher, 2006). We
therefore assume that interpersonal bodily synchrony/coordination reflects psy-
chological processes and social relationships. In particular, the current study fo-
cuses on interpersonal synchrony at the physiological level (i.e., heart rate syn-
chrony). Because it is hard to control cardiac activity voluntarily or to intend to
synchronize with others, we suppose that it can be an objective measure for
psychological counseling.

In recent years, some researchers have examined interpersonal heart rate
synchrony. Konvalinka and colleagues revealed the physiological effects of syn-
chronized arousal in a collective ritual between active participants and related
spectators, but not between participants and other members of the audience
(Konvalinka et al., 2011). They suggested that a collective ritual may evoke syn-
chronized arousal between active participants and bystanders over time—and
that relatedness may play a role in structuring people’s heart rates with those
close to them (Konvalinka et al., 2011). Mitkidis and colleagues investigated
whether trust has an effect on heart rate synchrony using an economic game
(Mitkidis et al., 2015). They found that the degree of heart rate synchrony is pre-
dictive of participants’ expectations regarding their partners in the economic
game, concluding that the observed physiological and behavioral changes are in-
dications of a trust-building process (Mitkidis et al., 2015). These earlier studies
have shown that heart rate synchrony can be an objective measure reflecting
psychological and social factors.

We view heart rate synchrony as an objective measure that may reflect social
relationships and psychological processes in psychological counseling. Objective
and quantitative assessments of psychological counseling/treatment and psy-
chotherapy have been the focus of much attention and interest (e.g., Sales &
Alves, 2016). Although some research groups have applied assessments based on
heart rate variability analyses to clinical psychology and psychotherapy (e.g.,
Kiema, Rantanen, Laukka, Siipo, & Soini, 2014), these have measured the heart
rates of clients only, not those of both clients and therapists. A survey of the lite-
rature suggests that previous studies have not measured the heart rates of both
parties; there is little known literature about the heart rate synchrony in a psy-
chological counseling context. Thus, the present study investigates the heart rate
synchrony between a client and a therapist during psychological counseling. Be-
cause it is the first exploratory study to observe the heart rate synchrony phe-
nomenon in a psychological counseling context and because it obtains data for
generating hypotheses which should be examined statistically and scientifically

in the future experiments, we begin with a single case study.

2. Method
2.1. Participants

One male university student (21 years old) and one male clinical psychologist

(30 years old) participated in our experiment. The student was recruited as a
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client, while the therapist was one of the coauthors, a professional with more
than five years of clinical experience. The client underwent a counseling session
lasting 50 minutes. The therapist considered the client to be a healthy male stu-
dent without a specific mental disorder, because it seemed that the client did not
need clinical treatment for any dysphoria or anxiousness. After setting the
agenda, the client discussed his difficult situation (i.e., interpersonal relation-
ships in his university activities) rather than his personal mental health issues in
detail. However, another issue that underpinned his difficult situation and af-
fected his emotional state (i.e., male-female relationships) was revealed during
the latter part of the session.

The procedures were approved by the research ethics committee of Kanagawa
University, where the experiment was conducted. Each participant provided
written informed consent before being allowed to participate in this study. The

student was paid 1,000 JPN yen per hour for his participation.

2.2. Apparatus

The participants were seated 1.5 meters apart, facing each other. A video camera
(Handycam HDR-PJ390, Sony) and two microphones (4071 Miniature Omnidi-
rectional Microphone, DPA microphones) were used to record and collect au-
dio-visual data. The two microphones were separately connected to the audio
mixer (R-26 Portable Recorder, Roland). The left and right microphones were
used by the client and therapist, respectively. Cardiac activities were measured
using a wearable sensor (MyBeat, Union tools Inc.), attached to the chest of each
participant. This sensor can export the RR intervals (RRI) time series as raw da-
ta. For the data processing and analysis, a personal computer (LET’S NOTE
CF-SX2, Panasonic), software (MATLAB R2014a, MathWorks) (R, 3.1.2), and
programs (Cross Recurrence Plot Toolbox for MATLAB®, Ver. 522 (R32.2);
Marwan, Carmen Romano, Thiel, & Kurths, 2007) (R “crga” package, Ver. 1.0.6;
Coco & Dale 2014) were used.

2.3. Procedure: Data Collection and Analyses

In the experimental room (four meters square), a video camera was positioned at
a distance of three meters from the participants. Wearable sensors were attached
to the chests of both participants individually to collect heart rate data before
they entered the room. The client was seated and waiting in the room before the
therapist entered. The client was asked to undergo psychological counseling for
50 minutes. The experimenter told the therapist that the client was a male uni-
versity student. He was not informed of the client’s problems before the session.
When the therapist entered the room, he sat in the chair facing the client. This
was the first contact between them. The experimenter left the room a few mi-
nutes after attaching microphones to the participants and beginning to record
audio-visual data. The counseling session then began; it was videotaped for

about 50 minutes, using a camera. After completing the session, the therapist
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called the experimenter into the room to stop the recording.

The video data were qualitatively analyzed by three clinical psychologists (in-
cluding the therapist who participated in the experiment). They analyzed the
session from the viewpoints of clinical psychology and psychotherapy, dividing
it into several phases to describe the changing counseling process. Categoriza-
tion was performed from the viewpoint of clinical meaning and function. The
results of the qualitative analysis were integrated with those of the quantitative
analysis (i.e., the time series analysis of heart rate data).

To convert the raw RRI time series data into beat-per-minute (BPM) data be-
fore the time series analysis, the RRI time series was averaged over non-over-
lapping intervals of 1 and 10 s for the nonlinear time series analysis (i.e., recur-
rence analysis) and for producing an observation of the overall tendency of the
two sets of time series data, respectively. Because converting to BPM data means
normalizing and smoothing the raw RRI data—the shorter the intervals for av-
eraging RRI data, the weaker the smoothing (Wallot, Fusaroli, Tylén, & Jeginde,
2013)—we used BPM data averaged by 1 s intervals (relatively preserving the
original variability of the heart rate activity) for the nonlinear time series analy-
sis and BPM data averaged by 10 s intervals for the qualitative observation (it
was relatively easy to visually identify the time-varying structure of the data).

To capture and quantify the interpersonal dynamics between participants, we
used a nonlinear time series analysis, based on a recurrence analysis (for a tu-
torial, Webber & Zbilut, 2005), which was originally developed to uncover subtle
temporal correlations and repetitive patterns. It is relatively free of assumptions
about data size and distribution (Zbilut & Webber, 1992). Time series data is
embedded and its trajectory is reconstructed in a higher dimensional phase
space. The distances between all possible combinations of each vector are calcu-
lated and distributed within a distance matrix (Webber & Zbilut, 2005). All ele-
ments in the distance matrix with distances at or below the threshold (i.e., ra-
dius) are defined as recurrent (recurrence points) and included in the recurrence
matrix, while all other elements are excluded from it (Webber & Zbilut, 2005).
Such calculations and definitions are used to construct a recurrence plot (RP),
which is a method of visualization that shows the dynamic properties and tem-
poral patterns of the system as a two-dimensional representation (Eckmann,
Kamphorst, & Ruelle, 1987). A recurrence quantification analysis (RQA) allows
researchers to quantify and assess the dynamic structures and properties of a
dynamical system, based on RP or phase space trajectory (more detail in Webber
& Zbilut, 2005).

A cross recurrence plot (CRP) and cross recurrence quantification analysis
(CRQA) are versions of recurrence analysis (i.e., RP and RQA) applied to two
time series (Zbilut, Giuliani, & Webber, 1998). They capture the synchroniz-
ing/coordinating properties that result from two streams of information inte-
racting over time (Coco & Dale, 2014), in other words, quantifying the extent to
which two observed data series unfold in similar ways over time (Shockley,

2005). To measure interpersonal synchrony/coordination, two CRQA measures
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are regarded as significant indices. First, the percentage of recurrence (%Recur-
rence) corresponds to the ratio of the number of shared locations, relative to the
number of possible shared locations in the phase space (Shockley, 2005). In oth-
er words, %Recurrence reflects shared locations in the phase space and captures
the overall synchrony state and the coordination stability between two systems;
in the present study, %Recurrence is viewed as an index of how often the two
systems synchronize. Second, the percentage of determinism (%Determinism)
indicates the percentage of recurrence points forming diagonal lines in the RP,
given a minimal length threshold (Coco & Dale, 2014). %Determinism captures
the way in which a system is organized in terms of similar sequences of values
that can change over time (Wallot, Mitkidis, McGraw, & Roepstorff, 2016). It
can be interpreted as continued synchrony/coordination over time; in this
study, %Determinism is regarded as an index of how long synchrony persists
between two systems.

CRP and CRQA have been widely applied in interpersonal synchrony/coordi-
nation studies (for reviews, Fusaroli, Konvalinka, & Wallot, 2014; Shockley &
Riley, 2015), from the behavioral to the physiological level, including heart rate
synchrony (Konvalinka et al., 2011; Mitkidis et al., 2015; Wallot et al., 2016). The
present study applies them to the heart rate data of a client and therapist during
a psychological counseling session to describe the dynamically changing
process of an interpersonal relationship, focusing on heart rate synchrony. We
performed CRP and CRQA using the Cross Recurrence Plot Toolbox for
MATLAB®, Ver. 5.22 (R32.2) (Marwan et al., 2007) and the R package “crga”
(version 1.0.6) (Coco & Dale, 2014), after determining the optimal values for the
input parameters (e.g., time delay, embedding dimension, radius), referring to
the standard RQA method guidelines (Webber & Zbilut, 2005). We chose time
delay, embedding dimension, and radius in phase space (after rescaling by mean
distance and z-score normalization) for each analysis, (6, 5, and 40, respectively).
We also conducted a windowed CRQA to investigate CRQA measures in the
moment by shifting the window step by step (Coco & Dale, 2014). The window
size was 300 points (5 minutes) based on a reference to the setting in a previous
study (Konvalinka et al., 2011). We shifted the window with a 60-point (1
minute) step. Finally, we quantified the (a) symmetry property of CRP to assess
the leader-follower relationship during the counseling session overall and in
each phase. Using a diagonal-based analysis (Coco & Dale, 2014; Shockley & Ri-
ley, 2015), we calculated the ratio of recurrence points in the upper/lower trian-
gular region of the CRP to the total recurrence points, excluding the main di-
agonal line. If the recurrence point ratios of the upper and lower triangular re-
gions were equal, the ratio would 50%. The upper/lower triangular region cor-
responds to an earlier point in time for one than another (Shockley & Riley,
2015). We assumed that if the ratio was higher than 50% (greater recurrence
than another region), this would mean that the higher ratio in triangular region
of the CRP was the leader.
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3. Results and Discussion
3.1. Summary of the Session

The client was a healthy male student without any specific depression or anxiety.
At the beginning of the session, after a brief self-introduction and ice breaker,
the client and therapist decided the session agenda, what the client wanted to
talk about, and how to use the counseling time. The client discussed a difficult
situation rather than mental health issues in detail. In particular, he discussed a
personal relationship and organizational operations in his university activities.
The therapist continued to listen to the client, focusing mainly on his difficult
situation and behavior in trying to resolve it. The therapist provided a suppor-
tive counseling approach from the viewpoint of solution-focused brief therapy
(Franklin, 2012). Throughout the counseling session, the client changed his
viewpoint and position. At the beginning of the session, he believed that his dif-
ficult situation was caused by difficult interpersonal communication. However,
he changed his position and enriched his understanding, accepting that his
problems might have been caused by his own way of communicating with oth-
ers, particularly female students. Thus, during the latter part of the session, the
therapist had an insight into another issue (i.e., male-female relationships) un-
derpinning the client’s difficult situation.

After the counseling session, a qualitative analysis based on the video data was
conducted to categorize the session in terms of clinical meaning and function.
Three clinical psychologists, including the therapist who participated in the ex-
periment, observed the video, discussed the session, and categorized it into the
following three phases: 1) Setting phase. At the beginning of the session, the
therapist confirmed the mental health status of the client through a brief con-
versation about his daily life and recent history. This conversation seemed to re-
lax the client (i.e., it served as the ice breaker). Next, the therapist asked the
client about the main topic, his current problems (i.e., the agenda setting). The
client mentioned two issues, his job search and university activities; the latter is-
sue was selected. 2) Advising phase. The therapist listened carefully to the client
and collected information to develop a hypothesis about the client’s core issue.
The hypothesis was that the basis of the issue was that the client faced difficulty
in communicating interactively with others. For example, he could convey his
intention to others only unidirectionally not bidirectionally; otherwise he could
only wait for others to change passively, but he could not change others actively.
After coming up with a hypothesis, the therapist gave some advice, which the
client accepted. 3) Re-finding phase. The topic changed and the therapist dis-
covered another issue about male-female relationships and the client’s love af-
fair. The client himself re-found the difficulty he experienced in communicating
with female students (Table 1).

3.2. Raw data: RRI and BPM

As shown in the raw RRI data (Figure 1, upper panel), the RRI appeared to be
longer for the therapist than for the client; in other words, the BPM was slower
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Table 1. Categorization of the phases of the counseling session.

Phase Time [mm:ss] Duration [s] Content
1 0:00 - 5:30 330 Setting: Agenda and goal setting were established.
2 5:30 - 38:10 1960 Advising: The therapist advised the client.

Re-finding: Another issue involving interpersonal

3 38:10 - 49:20 670 L
communication was found.

400

120

}_J NN M ANAMANAN~IMSAANA A NA o A W AN Aoy %
80 /

40
0 500 1000 1500 2000 2500 3000
Time [s]

BPM (10s)

Figure 1. RR Intervals (RRI) [ms] and Beats-Per-Minute [BPM].

for the therapist than for the client, on average. Actually, the mean RRI of the
therapist was 745.28 (SD = 68.56) [ms], while that of the client was 610.51 (SD =
39.53) [ms] during the session (Table 2). The mean BPM of the therapist was
80.54 (SD = 7.34) [BPM], while that of the client was 98.29 (SD = 6.04) [BPM]
during the session. Throughout the session, although the therapist’s BPM stayed
constant, the client’s BPM seemed to get slower (Table 2).

Because the RRI time series looked very complex and noisy, we calculated the
BPM for normalizing and smoothing the raw RRI data by averaging the RRI
time series over non-overlapping intervals of 10 seconds (Figure 1, lower panel).
This enabled us to easily compare the BPM data of the client and therapist,
finding characteristic scenes in which they seemed to co-vary. For example, in
Scenes A and B, the client’s BPM (red line) and the therapist’s BPM (blue line)
seemed to increase and decrease simultaneously. During Scene A (1:00 - 2:00),
after the brief self-introduction, the therapist set the agenda about what the
client wanted to discuss and the client began to answer questions. During Scene
B (46:00 - 47:00), the therapist discovered that the client had another relevant
issue involving male-female relationships and asked the client about his past re-
lationships. Although these scenes were clinically important, it is not possible to
say why or how such scenes affect interpersonal heart rate synchrony at the phy-
siological level. Next, we show the result of the quantitative and objective as-

sessment using recurrence analysis to complement the qualitative analyses.
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Table 2. RR intervals (RRI) and beats-per-minute (BPM) in each phase.

Mean RRI (SD) [ms] Mean BPM (SD) [BPM]
Phase
Client Therapist Client Therapist
1 596.57 (37.74) 741.43 (76.46) 100.66 (6.18) 80.97 (8.59)
2 609.73 (36.33) 750.18 (67.53) 98.41 (5.59) 80 (7.10)
3 615.57 (41.76) 736.57 (65.68) 97.49 (6.22) 81.52 (7.08)
Mean 610.51 (39.53) 745.28 (68.56) 98.29 (6.04) 80.54 (7.34)

3.3. Cross-Recurrence Plots

Figure 2 shows the CRP of the entire counseling session (top left-hand side),
Phase 1 (top right-hand side), Phase 2 (bottom left-hand side), and Phase 3
(bottom right-hand side). The diagonal red line represents the line of temporal
coincidence or synchrony, where the lag is zero and the heart rate of the client
and therapist synchronize. The blue lines in the top left-hand panel represent the
borders between the phases. The white bands can be interpreted as abrupt
changes in the dynamics; they imply extreme events (Marwan et al., 2007).
Throughout the session, we observed some structured patterns, rather than a
random dots pattern. Moreover, the recurrence structures seemed to differ

among the phases.

3.4. Cross Recurrence Quantification Analysis

To quantitatively confirm the results of qualitative observations of the CRP, a
CRQA was conducted. Figure 3 shows the CRQA measures, %Recurrence,
and %Determinism for the entire counseling session (grey bar) and for each
phase (black bars). The %Recurrence was 2.51% for the entire counseling ses-
sion, 3.38% in Phase 1, 2.30% in Phase 2, and 1.94% in Phase 3. The %Deter-
minism was 28.06% for the entire counseling session, 30.36% in Phase 1, 26.29%
in Phase 2, and 21.74% in Phase 3.

As mentioned above, the %Recurrence of CRQA can be interpreted as the
overall stability of synchrony/coordination between two time series (how often
two systems synchronize), while the %Determinism of CRQA can be interpreted
as continued synchrony/coordination over time (how long synchrony persists).
As shown in Figure 3, both %Recurrence and %Determinism were higher in
Phase 1 than in the other phases.

This means that heart rate synchrony increased between the client and the-
rapist in the first phase of the session. Such a high level of synchrony between
the participants’ heart rates might indicate that rapport or trust was growing
(Miles et al., 2009; Mitkidis et al., 2015). Because building rapport or trust is an
important factor in psychotherapy and since interpersonal synchrony is sup-
posed to reflect this (Ramseyer & Tschacher, 2011), this result may show the
outcome of therapeutic skill. Figure 3 also shows that both %Recurrence

and %Determinism declined gradually throughout the session, from Phase 1 to
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Figure 2. Cross recurrence plot (Top left-hand side: entire counseling session, Top
right-hand side: Phase 1, Bottom left-hand side: Phase 2, Bottom right-hand side: Phase
3).

Phase 3. We speculate that the participants’ heart rates did not always need to
synchronize once trust or rapport existed. However, since the data lengths are
different in different phases, we should analyze the dynamics in more detail
during each phase to detect dynamic changes in the heart rate synchrony pat-
tern.

Figure 4 presents the results of the windowed CRQA. Dynamic changes are
shown in %Recurrence (Figure 4, top panel) and %Determinism (Figure 4,
bottom panel) across each one-minute interval. In each panel, dashed lines indi-
cate the mean value of each measure (%Recurrence or %Determinism), red cir-
cles represent the highest value in the session, and blue circles show values high-
er than the mean values. Both %Recurrence and %Determinism were at their
highest during the initial phase (1:00 - 2:00), when the therapist set the agenda
and the client briefly talked about his troubles briefly, as discussed in 3.1. It is
worth asking why such a fast heart rate synchrony was observed so soon after the
session began. The actual interaction between the client and therapist started
while the experimenter was setting up the apparatus and explaining the experi-
ment briefly—a few minutes before the actual session began. Although the
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Figure 3. Cross recurrence quantification analysis meas-
ures (Top: %Recurrence, Bottom: %Determinism).
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Figure 4. Dynamic change in the cross-recurrence quantification analysis measures.

reason was not clear, we inferred that this interaction might have affected the

result. We focused on scenes in which both measures (%Recurrence and %De-

terminism) were higher than the mean values continuously—for longer than

three minutes (the yellow bands in Figure 4).
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During the first scene (7:00 - 9:00) the client discussed a problem involving his
university activities (e.g., how he could motivate group members and make them
participate in activities). The therapist listened carefully to the client and asked
him some questions regarding the details of the activity. In this scene, the the-
rapist appeared to listen attentively, nodding. After the session, the therapist re-
garded this scene as the information-collecting phase, used to develop a hypo-
thesis. In the second scene (15:00 - 19:00) the client talked about what he wanted
(e.g., to have all members actively participate, including passive members). The
therapist asked the client about his role in the group activity and whether par-
ticipation was subjective or forced. The client said that he felt that participation
was both subjective and forced. The therapist engaged in empathetic listening,
appeared to locate the important issue underpinning the client’s problem, and
focused on his thoughts and feelings. In the third scene (34:00 - 37:00) another
issue was discovered (i.e., male-female relationships). The client had a problem
with interpersonal communication, particularly with female students. The client
revealed that something was bothering him (e.g., how to behave when commu-
nicating with female students and how to overcome his hesitation about meeting
them one-on-one). The therapist listened with empathy, encouraged the client,
and clarified the issue. The client himself also seemed to feel that he now un-
derstood the cause of his problems.

Finally, we presented the leader-follower relationship across the entire coun-
seling session and during each phase (Figure 5). The ratio of recurrence points
in the upper/lower triangular region of CRP were calculated using a diagon-
al-based analysis. We assumed that if the ratio was higher than 50% (greater re-
currence than another region), this would mean that the higher ratio in triangu-
lar region of the CRP was the leader. The current data suggest that the therap-
ist/client is the leader/follower when the upper/lower triangular region ratio is
higher than 50%. Overall, the therapist tended to lead the client in terms of heart
rate synchrony (55.69% and 44.31%, respectively). In Phase 1, the therapist’s ra-
tio (48.31%) was slightly lower than the client’s ratio (51.69%), while in Phase 3,
the therapist’s ratio (52.12%) was higher than the client’s ratio (47.88%). Al-
though the ratio differences during these phases were subtle, interestingly, in
Phase 2 the therapist’s ratio (58.66%) was relatively higher than the client’s ratio
(48.31%). In this phase, the therapist actively questioned the client to collect in-
formation to develop a hypothesis about the client’s problem. He then gave the
client some advice about ways to resolve his difficult situation. The fact that the
therapist tended to lead the client, in terms of heart rate synchrony, might sug-
gest that the leader-follower relationship observed in the CRP reflected the the-
rapist’s behavior in collecting information and providing advice.

By integrating the recurrence-based quantitative analysis with the qualitative
analysis conducted by therapists, it became suggestive that the scenes high-
lighted by the recurrence-based quantitative analysis shared a commonality: the
therapist displayed empathy and listened attentively. Although the present find-
ing has been derived from a counseling session in a single case, it suggests that
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Ratio of recurrence on each side of CRP

M Therapist mClient
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Figure 5. Ratio of Recurrence on Each Side of CRP.

when a therapist shows empathetic and attentive behavior, heart rate synchrony

can occur.

3.5. Future Directions

We conducted a single case study as a first step to explore the relationship be-
tween physiological interaction (heart rate synchrony) and psychological issues
in psychological counseling context. One of the limitations of our study is that
we extracted data from only a single case. Therefore, for future studies, we aim
to collect more data (a larger sample size) to confirm whether similar tendencies
and dynamic patterns are found in other cases (e.g., initial high synchrony at the
beginning of a session, a change in the leader-follower relationship during a ses-
sion associated with a counseling process). Another limitation of our study is
that our consideration is just a matter of speculation. If we obtain more data, we
can statistically assess the relations and correlations between bodily synchrony
(e.g., heart rate synchrony), session outcomes, and therapeutic skill, as previous
studies have done (e.g., Ramseyer & Tschacher, 2011, 2014; Tschacher & Pfam-
matter, 2016). To achieve this, a quantitative assessment of the counseling ses-
sion using existing tools (e.g., Sales & Alves, 2016) should be combined with
sensors or computer-based data processing techniques (e.g., Paxton & Dale,
2012) to derive an objective measurement. Although the current study focused
only on heart rate synchrony, a heart rate variability analysis, using a time- and
frequency-domain to assess psychological stress and emotional factors (Appel-
hans & Luecken, 2006) should be conducted to analyze the issue in more detail.
Other measurements, such as nonverbal body synchrony (Nagaoka & Komori,
2008; Ramseyer & Tschacher, 2011) and vocal synchrony (Reich, Berman, &
Dale, 2014) should also be explored to understand multi-modal and multidi-
mensional complex interactions, like psychological counseling. Moreover, a re-
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currence-based analysis should be applied to verbal data, such as texts or tran-
scripts (Orsucci et al., 2006) and conceptual similarity (Angus, Watson, Smith,
Gallois, & Wiles, 2012). A multidimensional description including such verbal
and conceptual levels could provide a deeper understanding of body-mind in-
terplay during a counseling session and suggest some practical applications in
clinical psychology and psychotherapy. Such applications could include reflec-
tion and feedback on counseling sessions for, and the training/education of,
therapists. Simultaneously, it is also clinically important to investigate dynamic
change across a relatively long span through longitudinal studies, because actual

clinical counseling can rarely be completed in a single session.

4. Conclusion

The present study examined interpersonal synchrony during psychological
counseling, focusing on heart rate synchrony. The results show that heart rate
synchrony between client and therapist was observed and it dynamically
changed during the session. It was also suggested that heart rate synchrony
could be observed in some clinically important scenes and might reflect the so-
cial outcome (building rapport or trust) and relationship (leader-follower). The
present study has shown that a recurrence-based analysis can be used to assess
complex heart rate data during psychological counseling, as other interpersonal
synchrony/coordination studies have done. Further studies using more data
from multiple viewpoints are needed to support these findings and to expand the
understanding of the relationship between embodied synchrony and psycholog-

ical issues in the context of psychological counseling and psychotherapy.
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