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ABSTRACT
Video-Reflection is a common approach to realize reflection in
the field of executive coaching for professional development,
which presents a video recording of the coaching session to
a coachee in order to make the coachee reflectively think
about oneself. However, it requires a great deal of time to
watch the full length of the video and is highly dependent on
the skills of the coach. We expect that the quality and effi-
ciency of video-reflection can be improved with the support
of computers. In this paper, we introduce INWARD, a com-
putational tool that leverages human behavior analysis and
video-based interaction techniques. The results of a user study
involving 20 coaching sessions with five coaches indicate that
INWARD enables efficient video-reflection and, by leveraging
meta-reflection, realizes the ameliorated outcome of executive
coaching. Moreover, discussions based on comments from the
participants support the effectiveness of INWARD and suggest
further possibilities of computer-supported approaches.

Author Keywords
Executive coaching; Video-Reflection; Meta-reflection

CCS Concepts
•Human-centered computing → Computer supported co-
operative work; HCI design and evaluation methods;
•Information systems→ Collaborative and social computing
systems and tools;

INTRODUCTION
Reflection is an essential process of learning [11]. The impor-
tance of reflection is not limited to classrooms, as it is also
emphasized in professional development [55, 39]. One rep-
resentative area is executive coaching that typically consists
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of one-on-one sessions between a coach and a coachee [13,
34]. Through a conversation and inquiry, the coach guides the
coachee reflectively think about their experience or behavior
in order to achieve the coachee’s goal, such as gaining self-
awareness or developing leadership [32, 44, 56]. For example,
Sherman et al. [56] explained the distinction of reflection in ex-
ecutive coaching using the metaphor of a window and mirror:
the purpose of executive coaching is to provide coachees with
more time to look into the mirror instead of looking through
the window.

Video-Reflection is a popular technique to shepherd the re-
flection process by recording the conversations and replaying
them to the coachees [58, 35]. Some practitioners recommend
that coaches as well watch the recorded videos to nurture their
coaching skills [26, 10]. Due to the simplicity of this approach,
i.e., just recording videos and playing back, it is also widely
used in school education [25, 7], sports [8, 23], and dance
[37].

Despite its popularity, a disadvantage of video-reflection is
the extended time necessary for the video playback of a ses-
sion that can last around an hour [6]. Moreover, it is pointed
out that video-reflection lacks a systematic and organized ap-
proach [47, 38], which makes outcomes highly dependent on
individual skills. Considering these issues, we are interested in
how computers can contribute to video-reflection in executive
coaching. In particular, as Otte et al. [45] observed, studies
that utilize computers to develop systematic approaches in
executive coaching are lacking, so we anticipate a large room
for improvement.

For example, coachees would not necessarily need to watch
an entire video recording considering it contains non-relevant
scenes, such as an icebreaker conversation or pauses during
note-taking. If the coachees are offered a summarized version
that extracts the essential parts of the session, then similar
results should be expected while reducing the time to perform
the reflection. However, manually preparing this type of video
by a coach requires significant time and is challenging. In
recent, many methods to analyze human conversation by lever-
aging computer vision technologies have been proposed in the
context of social signal processing [61] and human activity
analysis [1]. By providing a tool that combines these methods
for the purpose of video-reflection, we expect an improvement
in the quality and efficiency of the reflection process.



In addition, by introducing a different perspective based on
human behavior analysis, we expect such a tool can support
a deeper level of reflection. In detail, using the information
drawn by a computer as a baseline, the coach and coachee can
discuss their opinion about the session on neutral ground. This
type of discussion would encourage meta-reflection, where
the participants reflect on not only the content but also their
thinking about the session. As meta-reflection leads to an
enhancement of self-awareness [42, 22], providing such peer
discussion between coaches and coachees should improve the
effectiveness of reflection.

In this paper, based on these considerations, we implemented
INWARD, a tool to support video-reflection in executive
coaching. In our tool, we propose a new procedure of
computer-supported video-reflection where the coach and
coachee are presented scenes marked as important by a human
behavior analysis algorithm [2]. Without carefully watching
the entire video, they can reflect by focusing on a limited num-
ber of pre-detected scenes. After the reflection process, the
tool also facilitates discussion between the coach and coachee
by displaying differences between their opinions about the
scenes.

To explore how computers can support video-reflection, we
then conducted a user study with professional coaches using
INWARD. Participants performed a series of reflection pro-
cesses with and without the assistance of the tool, and we
compared the effectiveness and efficiency of the reflection
between the two groups. Our quantitative and qualitative anal-
yses suggest that the computer-supported approach contributed
to improved efficiency of the video-reflection process. In com-
bination with the meta-reflection process, INWARD provides
significantly better efficacy compared to the conventional ap-
proach. Based on these results, we discuss the design impli-
cation of video-reflection and meta-reflection along with its
relevance to prior studies. Our study presents further possibili-
ties for computer-supported approaches in executive coaching
to benefit the field of human resource development.

BACKGROUND
In this section, we present the theoretical background and
related topics in executive coaching as a foundation for the fol-
lowing experiment. We begin with the importance of reflection
in executive coaching and methods to realize the reflection.
Next, we discuss the psychological effects of reflection based
on previous studies. Finally, we introduce related techniques
to facilitate computer-supported executive coaching.

The Key to Successful Coaching: Reflection
Although the effectiveness of executive coaching has been sup-
ported in many studies, it remains challenging to lead coaching
sessions successfully. Coaches are often in a struggle with
complex situations involving organizational issues, human
motivation, specific skills, and political and economic reali-
ties at companies [65]. In such situations, it is pointed out
that the reflection of the coachee is key to successful coach-
ing [22]. Here, reflection is a cognitive process performed
to learn from experiences by inquiring both individually and
collaborating with others [11, 39]. In the case of the coaching

session, coaches are required to promote the reflection, that is,
coachees look back on their experiences through conversation.
Moreover, reviewing the coaching session as another form of
the coachees’ reflection has been recognized to be as important
as the coaching session itself [58].

Methods to Realize Reflection in Coaching
Following the forms of reflection in coaching mentioned above,
there exists typical methods for their facilitation. A basic ap-
proach is the coach’s questioning, which makes the coachee to
think about oneself through responding to the questions. Out-
standing coaches ask powerful, thought-provoking questions
that consider the internal states of the coachee while building
rapport [36, 32].

On the other hand, video-reflection is useful for realizing re-
flection through the review of the coaching session. Such an
approach leveraging video for learning from experiences has
been explored [18], especially in the context of teacher edu-
cation [54]. This practice is preferred because it can provide
time to reflectively think about oneself as well as an objec-
tive perspective from which the coachee can realize things
unnoticed during the experience. As mentioned in the “Intro-
duction” section, the literature emphasized the importance of
video-reflection in executive coaching.

Meta-reflection is also known as an effective method that
reviews a personal experience as well as the thinking around
that experience [17]. Utilizing meta-reflection in coaching
was introduced by Thorpe and Garside [60], who proposed a
multi-dimensional reflection process consisting of sequential
stages. Each stage looks back at what was thought in the
previous stage. Subsequent studies showed the effectiveness
of meta-reflection for enhancing self-awareness and acquiring
new skills [21].

Effects of Reflection in Coaching
As reflection plays a crucial role in executive coaching, many
psychological studies have been conducted to uncover what
occurs in the moment of reflection [12]. Generally, reflection
is considered to improve self-awareness [64]. While there
exists a variety of definitions about self-awareness, most agree
that represents knowing one’s internal states, preferences, re-
sources, and intuitions [19]. Self-awareness is also acknowl-
edged as a fundamental part of human learning [69] and can
produce a readiness that is essential for personal change [70].
Some studies reported that the outcome of executive coaching
could be evaluated quantitatively based on the self-awareness
theory [12, 14] with its index that can be calculated by answer-
ing a set of subjective questions [33].

At the same time, authenticity has been identified as another
essential part related to the development of leadership that
reflection can enhance [66]. Kernis introduced a definition
of authenticity as “the unobstructed operation of one’s true,
or core, self in one’s daily enterprise” [31]. The advantage
of this concept is that it accounts for not only conscious self-
awareness but also its relationship with both the actual physio-
logical states and emotional expression [66]. In this respect,
prior work argued that the contribution of coaching is related
to authenticity and suggested the use of the Authenticity Scale



instead of self-awareness as an instrument for measuring the
outcome of executive coaching [59].

Computational Support in Coaching
Otte et al. surveyed coaches’ attitudes towards the use of
computer-based technology in executive coaching through a
questionnaire to identify a correlation between a preference
for a systematic coaching approach and positive opinions to-
ward the use of a computer [45]. They suggested, however,
that due to a lack of studies on computer-based coaching, it
is not possible to derive implications or further use cases be-
yond telecoaching and online coaching platforms. They also
emphasized the importance of developing such applications to
establish more systematic coaching processes. Subsequently,
Pascal et al. also encouraged coaching researchers and practi-
tioners to investigate the use of computer-based technologies
[48].

Recently, Arakawa and Yakura introduced REsCUE [2], a
new computer-based approach to support coaches inferring a
coachee’s internal state during sessions. It takes behavioral
data as input which can be obtained by computer vision tech-
niques, such as human pose estimation [63]. Then, it uses
an anomaly detection algorithm based on Gaussian Mixture
Model [67] to detect cues that might be missed and sends a
signal to the coach in real-time. The participating coaches
reported that they could provide good questions in sessions
that would better facilitate a coachee’s reflection.

Still, there remain few studies about computer-supported ap-
proaches in executive coaching despite its high expectations.
We found no proposals with relevance to video-reflection or
meta-reflection exploiting emerging technologies.

HYPOTHESES
As mentioned in the “Background” section, although video-
reflection is known to help review coaching sessions, existing
approaches are time-consuming and highly dependent on indi-
vidual skills due to a lack of systematic designs. They often
must playback the entire video session to find important words
or behaviors and reflect on each point manually. Therefore,
in this study, we aim to elucidate how computers can support
video-reflection in its efficiency and effectiveness.

We evaluate the possibility by implementing a tool designed
explicitly for video-reflection that incorporates video interac-
tion methods and human behavior analysis approaches. In the
reflection process using the tool, participants are requested to
classify the candidate scenes automatically detected by REs-
CUE [2] as informative or not informative through an efficient
user interface. Through this process, they are automatically
guided to look back through the sessions to evaluate each sug-
gested scene. As a result, they should conduct their reflection
systematically without the need to play the entire coaching
session as the detected scenes are expected only to include the
important portions of the session. Thus, our hypothesis behind
this design can be designated as follows:

H1: The computational support in video-reflection leads
to a time-efficient reflection of coaching sessions.

The implemented tool also provides a chance of reflection
for both the coach and coachee as well as an opportunity to
discuss their opinions about each cue by utilizing the classi-
fication results. If both roles agree on the judgment, then the
cue is likely to be informative or not. On the other hand, if
their opinions contradict, then the cue represents a point for
which the coach and coachee review differently. Since the
above classification processes are executed individually with-
out awareness of the other’s decision, we expect they exchange
ideas on each discrepancy without judgment. This process can
induce meta-reflection through the review of one’s thoughts
about experiences. Here, our hypothesis behind this idea is as
follows:

H2: The computational support in meta-reflection leads
to a further outcome of the reflection.

If these hypotheses are supported, then they can pave the way
for improving executive coaching through computer support,
which will benefit society by facilitating the development of
human resources. With this motivation, we evaluated these
hypotheses by conducting a user study, which we present later
in the “Method” section.

INWARD: A REFLECTION SUPPORT TOOL
Before explaining the procedure of our study, in this section,
we describe the design and usage of our reflection support tool,
INWARD.

As mentioned in the “Hypotheses” section, INWARD supports
the reflection in two steps. Subsequently to the coaching
session, it provides an effective and efficient video-reflection
process for both the coach and coachee separately. Then,
it provides the computer-facilitated meta-reflection process
by evoking a discussion on the result of the video-reflection
process between them.

Video-Reflection
As mentioned in the “Hypotheses” section, INWARD is based
on the cues detected from the recorded video of the coaching
session through a human behavior analysis algorithm [2]. It
applies a GMM-based unsupervised anomaly detection algo-
rithm to multimodal human signals such as posture and gaze
data. Especially, its effectiveness in executive coaching was
demonstrated empirically in their study by comparing the ex-
tracted cues with those raised by professional coaches who
watched the entire video, showing its performance with rela-
tively high recall. In other words, the cues are confirmed to
capture the important scenes for understanding a coachee’s in-
ternal states during the session, as mentioned in the “Computa-
tional Support in Coaching” section. Therefore, we expect the
reflection can be led by reviewing the cues and looking back
at the individual scenes without watching the entire video.

In INWARD, the detected cues are presented along a seek bar
positioned below the video in the user interface (Figure 1A)
enabling the coach and coachee to make selections easily. In
addition, they can playback the video through a fast-forward
(Figure 1B) while emphasizing detected cues by changing
the playback speed adaptively, as proposed by Higuchi et



Figure 1. The interface of INWARD during the video-reflection process.

Figure 2. The interface of INWARD during the meta-reflection process.

al. [27]. Next, the coach and coachee are prompted to clas-
sify the scenes containing detected cues as informative or
non-informative (Figure 1C). With this classification process,
they can efficiently reflect through the entire coaching ses-
sion. Breaks in the conversation split these scenes during
the coaching session, which are estimated by a voice activ-
ity detection algorithm [52]. As the detection algorithm can
miss cues that may be considered informative, we designed
INWARD to allow both the coach and coachee to mark scenes
not pre-detected by the algorithm.

When scenes are classified, they are also asked to enter com-
ments through the interface (Figure 1D), which is intended
for use during the consecutive post-reflection session and
promoting the reflection through verbalization, as suggested
by Munby [40]. After the coach and coachee finish the
video-reflection process (Figure 1E), they proceed to the meta-
reflection session.

Meta-reflection
As described in the “Methods to Realize Reflection in Coach-
ing” section, the meta-reflection is realized by thinking about
the experience. Thus, we expect that the meta-reflection can
be led by exploiting the results of the video-reflection pro-
cess. That is, discussing the classification results between the

coach and coachee would offer a chance to review each other’s
thoughts from the video-reflection process.

In INWARD, we evoke such discussion by highlighting the dif-
ference in the opinions about the classified scenes (Figure 2B)
while also presenting the comments each provided during the
video-reflection process (Figure 2C). Then, based on this com-
bined information, the coach and coachee are prompted to
discuss their reasoning and thoughts behind until they reach a
consensus.

METHOD
To investigate our hypotheses, we conducted a user study with
professional coaches and their coachees using INWARD. In
this section, we describe the procedure of the study including
the information about the participants.

Participants
The experiment involved five volunteer professional coaches
(C1–5) aged 25–40 years old and 20 coachees (P1–20) aged
23–54 years old. We first recruited the participating coaches,
and then asked their clients for the participation without com-
pensation. All pairs of the coach and coachee had conducted
their first session for self-introduction and goal setting about
one month before the experiment. Of course, all the partic-
ipants agreed to the use of the collected data for research
purposes.

We randomly divided the participating coachees into two
groups of treatment (P1–10) and control (P11–20). Then, each
coach held coaching and consecutive reflection sessions with
two coachees from the treatment group and other two coachees
from the control group. The reflection process with a coachee
from the treatment group employed INWARD, whereas the
control group used only the recorded video of the coaching ses-
sion. The order regarding the groups were shuffled at random
in each coach.

Measure
Our goal is to understand how INWARD efficiently and ef-
fectively contribute to the reflection in the field of executive
coaching. Accordingly, we introduced two measurements of
time and authenticity.

Measurement of Reflection Efficiency: Time
The time metric indicates how efficient the implemented tool
makes the video-reflection process. The participants were
asked to conduct video-reflection until they felt satisfied as
described later, and the time to reach this condition was mea-
sured.

Measurement of Reflection Effectiveness: Authenticity
Several measurements for evaluating the outcome of executive
coaching have been proposed in the literature. For example,
Guskey introduced a five-level model of professional develop-
ment evaluation [24] that included the participants’ reactions
to sessions (level 1), their learning (level 2), organizational
support and change (level 3), their use of new knowledge and
skills (level 4), and their learning outcomes (level 5). He pre-
pared a set of questions to be addressed during each level,



which has been utilized to identify key components in execu-
tive coaching [46], for instance.

Although this measurement approach is useful to evaluate how
coaching helps participants’ performance within their organi-
zations, it cannot be used in this study because our primary
interest is to quantify and compare the effect of reflection,
which is related to a subjective self-recognition, not specific
skills. To this purpose, the previous literature has utilized
self-awareness and authenticity as discussed in the “Effects of
Reflection in Coaching” section.

Self-awareness is used to represent a human’s ability to shift
attention from the outward environment to themselves [9]. As
the essence of this feature is captured through attention, it is
known that self-awareness is easily induced by urging par-
ticipants to care about themselves, for example, by exposing
them to a full-length mirror [62]. Another example comes
from a prior self-awareness scale containing subjective state-
ments, such as “right now, I am feeling conscious of my inner
feelings” [20].

On the other hand, authenticity represents the consistency
among not only one’s conscious awareness of an internal state
but also one’s primary experiment as well as outward behavior
and communication [3]. Thus, the enhancement of authenticity
is greatly dependent on the quality of intervention, i.e., reflec-
tion. In addition, considering that authenticity is a key factor
for well-being and optimal functioning, prior work concluded
that coaching-related concepts are inextricably entwined with
authenticity [59].

Therefore, authenticity is used in this study to measure the
efficacy of computer-supported reflection in coaching. We use
the Authenticity Scale defined by Wood et al. [66], which has
been widely used to evaluate psychological interventions [30].
It contains a 12-item scale designed to assess the extent of the
three factors from Barrett-Lennard’s definition of authenticity
including self-alienation, authentic living, and accepting exter-
nal influence [3]. Self-alienation represents the unavoidable
discrepancy between one’s actual experience (the true self)
and their conscious awareness. A mismatch between them
indicates that the individual goes through the experience of
not knowing oneself, or feeling out of touch with the true self.
Authentic living considers the extent to which an individual
expresses emotions and behaves that are consistent with their
awareness of internal states. Accepting external influence
means the tendency of an individual to accept the influence of
others, which accounts for the external effects of their social
environment.

Through the Authenticity Scale, participants are required to
answer each item on a seven-point Likert scale, i.e., from 1
(“does not describe me at all”) to 7 (“describes me very well”).
Scores estimating self-alienation and accepting external influ-
ence are reversed because they are negatively correlated with
authenticity. As all the participants are Japanese, a translated
version [29] of the Authenticity Scale is used in this study.

Procedure
The overview of the experimental procedure is outlined in
Figure 3. The participating coaches were asked to host a typi-

Figure 3. The experimental procedure.

cal coaching session with the coachees lasting about 45 min-
utes and take a video with a tabletop camera. The sessions
were held at the office of the coaches as their usual sessions.
Following each session, we asked the coachee to complete the
questionnaire form of the Authenticity Scale.

Directly after the questionnaire, the participants proceeded
to the video-reflection process. For the treatment group, we
provided INWARD integrated with the recorded video to both
the coaches and coachees. After a brief instruction of its
usage, we asked them to classify all the detected cues. For
the control group, we provided only the recorded video to the
coachees and asked them to reflect on the coaching session by
watching the video until they were satisfied. In both groups,
we asked the coachees to complete the questionnaire after the
video-reflection process again.

Through this procedure, we evaluated H1 by comparing the
metrics introduced in the “Measure” section between the con-
trol and treatment groups. If the authenticity of the treatment
group displays an improvement better than that of the control
group while the treatment group spends less time during the
video-reflection process, then H1 is supported.

In addition, we also asked the coaches in the treatment group
to conduct the meta-reflection process with the coachees using
INWARD. We explained the functions of the interface and
asked them to discuss until they had a consensus about their
classifications. After the meta-reflection process, we again
asked the coachees to complete the questionnaire to evaluate
H2 through a comparison of authenticity. If the score of au-
thenticity was improved after the meta-reflection process, then
H2 is supported.

After completing the reflection processes, the participated
coachees in the treatment group (P1–10) were given a short
semi-structured interview for 10 to 15 minutes. The interview
was taken place by one of the authors in the same room without
the coaches so that they would not affect the responses from
the coachees. We first asked for their subjective opinions about
the usability of INWARD, using an open-ended question such
as “how do you feel about the usability of this tool?” We
then inquired about their thoughts and findings from both the
video-reflection and meta-reflection processes like “how do
you feel about the video-reflection process?” and “what kind
of findings or learning did you have from the meta-reflection



Figure 4. The change in the score of authenticity through the video-
reflection process in the control group (error bars represent standard
errors). ∗p < 0.05,∗∗p < 0.01,∗∗∗p < 0.001.

Figure 5. The change in the score of authenticity through the video-
reflection process in the treatment group (error bars represent standard
errors). n.s. – not significant, ∗p < 0.05.

process?” For comparison, we also asked three coachees
from the control group (P11–13) about their thoughts and
findings in the same manner. In addition, for the participating
coaches (C1–5), we subsequently asked their opinions about
INWARD, such as “where did you find the advantages and
future possibilities of this tool?”

RESULTS

Efficiency and Effectiveness of Video-Reflection (H1)
Figure 4 and Figure 5 show the change in the score of au-
thenticity calculated from the answers of the participating
coachees in the control and treatment groups, respectively. In
both cases, it is confirmed that the scores are significantly
improved through the video-reflection process using a paired
t-test.

Interestingly, the score of authentic living decreases in both
cases despite the increase of the total score. This phenomenon
may be attributed to that the reflection might evoke the
coachees’ feelings of awkwardness about their words during
the coaching sessions since the questions for authentic living
involve consistency with the conscious awareness, such as “I
am true to myself in most situations.” This is supported by the
impressions from the coachees obtained during the post-study
interview, such as “reviewing my words from an objective
perspective reminded me that I was trying to justify myself
and conceal my honest feelings (P3).”

Figure 6. The difference of the change in scores between the control
and treatment groups (error bars represent standard errors). n.s. – not
significant.

Table 1. The average time the participating coachees spent during the
coaching session and video-reflection process (standard error in paren-
theses).

Average duration
DifferenceCoaching Reflection

session process

Treatment 47.2 min 18.8 min −28.4 min
(±1.6 min) (±2.5 min) (±2.6 min)

Control 42.7 min 45.3 min +2.0 min
(±1.0 min) (±4.2 min) (±4.8 min)

Figure 6 compares the score changes between the control and
treatment groups. Using a Mann-Whitney u-test, we confirmed
that the effectiveness of the video-reflection is not significantly
different regardless of the use of INWARD. In other words,
the coachees who used INWARD had comparable effects as
the coachees who watched the video of the entire sessions.

On the other hand, the time required to conduct the video-
reflection process was crucially reduced by INWARD as
shown in Table 1. Whereas the coachees in the control group
spent more time for the reflection than the coaching sessions,
the coachees in the treatment group spent less than half of the
duration for the sessions.

In addition, we found that some of the coachees in the control
group spent much less time during the video-reflection process
than the sessions, which is similar to the treatment group. After
further investigation, we confirmed that they had experienced
a similar video-reflection process before this study and fast-
forwarded the video as they were instructed by the coaches at
that time. The fact that such a technique was independently
adopted justifies the design of INWARD, which plays back the
unimportant scenes of the video in the fast-forward manner.

From these results, we conclude that the video-reflection pro-
cess guided by INWARD shows comparable effectiveness
compared to the conventional approach while it crucially re-
duced the time required to conduct. In that respect, H1 is
partially supported by the study, that is, the reflection process
provided by the tool is more efficient but cannot be said to
be more effective than watching the entire video without the
assistance of tools.



Figure 7. The change in the score of authenticity through the meta-
reflection process in the treatment group (error bars represent standard
errors). n.s. – not significant, ∗p < 0.05,∗∗p < 0.01.

Figure 8. The difference in the change of the scores between the video-
reflection process of the control group and the complete process of the
treatment group (error bars represent standard errors). n.s. – not sig-
nificant, ∗p < 0.05.

Effectiveness of Meta-reflection (H2)
Figure 7 shows the change in the score of authenticity through
the meta-reflection process in the treatment group. Similar to
the video-reflection process, this result confirms that the meta-
reflection process is supported by INWARD with a significant
increase in the authenticity of the coachees. Therefore, as
discussed in the “Procedure” section, H2 is supported by the
study.

In addition, Figure 8 compares the change in the scores be-
tween the control and treatment groups and shows the effect
of the reflection in the treatment group was significantly better
than the control group. This suggests that such an effect would
not be achieved by the conventional approach of watching
the video without the support of computers. That is to say,
executive coaching can be improved with computer support,
such as with INWARD.

We note that the difference between the control and treatment
groups could not be attributed to the difference of the time
the participants spent on the reflection process. In detail,
we observe the participating coachees in the treatment group
spent an average of 22.6 minutes (standard error: 1.6 minutes)
for the meta-reflection process excluding one outlier case,
which we describe in the “How Coachees are Affected via
Meta-reflection” section. In other words, combined with the
results in Table 1, most spent 41.0 minutes (standard error:

2.9 minutes) for the entire reflection processes, which is not
crucially different from the time the control group spent only
on the video-reflection process. Therefore, we conclude that
the difference in the efficacy between the control and treatment
groups shown in Figure 8 is not due to the coachees in the
treatment group spending more time.

User Comments
As presented above, our quantitative results showed that IN-
WARD provides an effective and efficient reflection for the
participating coaches. In this section, to further explore these
results, we review the comments obtained during the study.
Here, we aggregated the comments in correspondence to the
questions we asked in the interview (the “Procedure” section)
as following sections.

How Coachees are Affected via Video-Reflection
Overall, the participating coachees responded positively to the
video-reflection process using INWARD. In particular, the use
of the cues detected by the human behavior analysis algorithm
is favored. For example, a coachee provided the following
comment on its superiority in comparison to merely watching
the video.

When I looked at the highlighted scenes, the outline of
the session came to my mind spontaneously. So, I felt
that there was no need to watch the video entirely. (P1)

Another coachee who experienced the conventional video-
reflection process of watching the video offered the following
comment regarding a different aspect of its advantage.

When I reflect by watching the entire video of the session,
I tend to pay attention to the content of the conversation
and have a little difficulty reviewing objectively. On the
other hand, in this way, I felt that I can review more
objectively maybe thanks for focusing on the limited
parts of the sessions. (P4)

Along with other favorable comments, they support the effec-
tiveness of the video-reflection process in INWARD.

However, at the same time, there was a comment pointing out
the difficulty of judging whether the cue is informative or not.

In some situations, I wondered if I should classify as
informative. For example, it was not clear about the
case when the conversation topic is important but my
behavioral change itself is trivial. (P9)

This comment indicates the importance of presenting a clearer
explanation regarding the criteria, considering that the classifi-
cation results are used later in the meta-reflection process.

Regarding authenticity, three participating coachees (P1, P3,
P6) provided similar comments related to authentic living, one
of which is mentioned in the “Efficiency and Effectiveness of
Video-Reflection (H1)” section. Another coachee responded
with the following comment regarding the factor of accepting
external influence.

The most impressive scene in the video-reflection process
was that I was trying to convey my standpoint to the coach



with a big gesture. Looking back on my words at that
time, I realized that I was quite stubborn. (P2)

On the other hand, similar comments connected to authentic-
ity were received also from the coachees in the control group,
such as “watching the video of the session, I noticed my uncon-
scious resistive attitude (P12).” This observation corroborates
the result of Figure 6, which shows there exists no significant
difference between the control and treatment groups through
the video-reflection process.

The following interesting comment pays attention not only to
the coachee oneself but also to the coach.

By watching only the important scenes continuously, I
found that the coach was consistently trying to ask only
one point: “what will you do to change the situation?”
Through the reflection, I realized that I was not able to
grasp the true intention of the coach during the session.
(P5)

Though such a reaction might not affect one’s authenticity, the
comment suggests a potential of further influence from the
video-reflection process on the outcome of the coaching effort.

Another coachee mentioned a different aspect of the influence
of the video-reflection process.

Before we had the coaching session, I was informed that
the recorded video would be used for the post-reflection
process, but I did not know the detail of how to use it in
the tool. If I knew that beforehand, I might have been
aware of my behavior during the session. (P10)

We note that such an observer effect can be induced also by
the conventional video-reflection approach considering that it
is aimed to introduce the objective perspective, as mentioned
in the “Methods to Realize Reflection in Coaching” section.
Having said that, a long-term repetitive evaluation is desirable
to figure out the effect.

How Coachees are Affected via Meta-reflection
As the participating coachees commented positively to the
video-reflection process, many of them mentioned the intrinsic
difference with the meta-reflection process.

By discussing the difference in opinions, I understood
how the coach was seeing me and was able to look back
on my behavior and judgment from a totally different
point of view. (P6)

Through discussions with the coach, I realized another
interpretation of my movement from a different perspec-
tive. The process of the discussion itself was engaging.
(P9)

In the meta-reflection process, the coach pointed out
some of the cues which I classified into non-informative
contain important topics which I close my eyes to uncon-
sciously. I did not agree on the indication completely, but
it is certain that I could not notice such an inclination if I
had the video-reflection alone. (P3)

From these comments, we interpret the efficacy of the meta-
reflection presented in the “Effectiveness of Meta-reflection
(H2)” section due mainly to the introduction of the perspective
of the coach.

Regarding the advantage of conducting the meta-reflection
process with computer support, the participating coachees
commented as follows.

By conducting the video-reflection separately in advance
and writing down the reason for the judgment, I was able
to explain my thought without being influenced by the
words from the coach. (P7)

I think that we had a focused and constructive discussion
by narrowing down the points to discuss into a few scenes
where we had different opinions. (P8)

On the other hand, as mentioned in the “Effectiveness of Meta-
reflection (H2)” section, one coachee exhibited an outlier case
that spent more than an hour on the meta-reflection with the
coach although they had a 43-minute coaching session. He
commented about the reason as follows.

We got heated up from the discussion of a certain scene,
and the situation became as if we had another coaching
session. As a result, it took quite a long time, but it
was worthwhile because I was able to talk about my
values and self-understanding at a deeper level than in
the previous session. (P3)

This phenomenon implies that INWARD can facilitate not
only the reflection but also an extended coaching session.

Usability
Partly due to the efficiency of the reflection process, the
coachees replied affirmatively to the usability of INWARD.

It was totally good because I was able to conduct the
reflection process just by following the steps as shown in
the interface. (P1)

In particular, the fast-forwarding playback was favorably re-
ceived as expressed in the following comment.

I appreciate the automatic adjustment of the playback
speed because it enables me to grasp the outline of the
session in a short time. If I skipped the scenes other
than the detected ones, I might feel like I missed some
important scenes. (P2)

On the other hand, the functionality to mark scenes not con-
taining detected cues as informative was rarely used. One
coachee suggested the reason was as follows.

In the process of classifying the detected scenes, I was
satisfied that I had enough reflection, and thus, I did not
feel the need to mark additionally. (P4)

Another coachee offered an addition of a function to improve
usability.

Sometimes when I moved to the next cue, the timing of
the conversation was halfway and I could not immediately
understand the ongoing topic. I think that it is easier to



use if this system automatically displays the transcription
in synchronization with the video. (P10)

These comments suggests there is room for further improve-
ment in the interface and interaction of INWARD.

Further Possibilities for Computer-Supported Coaching
As described in the “Procedure” section, we also obtained
comments also from the participating coaches, which suggest
further possibilities for utilizing computer-supported tools
in executive coaching. For example, one coach pointed out
that the meta-reflection process could also contribute to the
improvement of the coach’s skill.

In a regular coaching session, there is seldom a direct
feedback from a coachee about my judgment. Though
self-understanding of the coachee is often biased un-
consciously, I think that discussions like I had in the
meta-reflection process give us a chance to gain a new
perspective as a coach. (C5)

In terms of helping coaches develop their skills, another coach
suggested using INWARD in supervision.

If the cues are detected based on the behavior of coaches,
I expect that we can reflect our coaching skills efficiently
in the same way. In addition, I often watch videos of
coaching sessions by new coaches to give feedback. I
think that the same approach also works for such cases.
(C1)

As pointed out here, we expect that the approach of INWARD,
efficiently reviewing the video of coaching sessions, can be
applied for further use cases.

In addition, there was a request of new feature to composite
summary video of the session.

In most cases, we have a session about a month after
the previous session, so I feel it is a little difficult to
remember what we said in the last time. If we have
a summarized video in the same manner as the video-
reflection process, it would be helpful for us. (C3)

Considering that we can obtain the classification result that
both the coach and coachee agreed on through the reflection
processes, such a summarized video could be easily generated
by leveraging INWARD.

DISCUSSION
So far we presented that video-reflection in executive coaching
can be improved through a computer-supported approach. In
this section, we contemplate the implications of these findings
and discuss its relevance to existing studies about reflection in
the workplace to position our work within the HCI community.

Implications for Facilitating Reflection Using Computers
Necessity of Meta-reflection after Video-Reflection
Through the measurement of the participants’ authenticity
in the proposed reflection processes, our study depicts the
effect of the reflection on participants at each stage precisely.
We note that the effect of such a multistage reflection is not
fully discussed after the original proposal [60]. Our analysis

across two stages of the video-reflection and meta-reflection
processes that considers three factors of the authenticity sheds
light on this point.

A unique finding of the video-reflection process is that partici-
pants tend to decrease their authentic living score, as we men-
tioned in the “Efficiency and Effectiveness of Video-Reflection
(H1)” section and the “How Coachees are Affected via Video-
Reflection” section. This phenomenon can be explained by
their gaining an objective perspective through self-observation
of the session using such an individual video-reflection pro-
cess. They then likely notice discrepancies between their
outward expression and internal states. This result is more
interesting as the score is significantly ameliorated through
the meta-reflection process, as shown in Figure 7, which indi-
cates the collaborative discussion provides a new perspective
for a coachee to understand themselves better. From these
points, although a further investigation with more participants
is needed to verify our finding, it would be recommended that
coaches actively provide opportunities to exchange views on
what makes coachees feel awkward or find inconsistencies
regarding their behavior.

Effectiveness of Providing Grounds for Discussion by Comput-

ers
In INWARD, the coaches and coachees first reflect individually
on candidate scenes that are automatically detected before ex-
changing opinions about scenes they judge differently. As pre-
sented in the “How Coachees are Affected via Meta-reflection”
section, some coachees offered favorable comments on this
design because the precedent individual reflection enabled
their judgment to be independent of the coaches’ perspec-
tives, which can lead to a constructive discussion during the
meta-reflection process.

This result aligns with the design of collaborative reflection
that first requires reflective writing so as to discuss topics with
peers [49, 68, 50]. Through experiments involving colleague
physicians [50] or teachers [49, 68], collaborative reflection is
demonstrated to provide opportunities to deepen their reflec-
tion

However, the direct application of collaborative reflection in
executive coaching would reduce the impact of its outcome
because its framework allows for the topics for discussion to
be filtered by the coachee. As one coach commented in the
“Further Possibilities for Computer-Supported Coaching” sec-
tion, the result of the individual video-reflection can be biased.
In fact, we found that 18.4% of the cues marked as important
by the coaches were disregarded by the participating coachees.
Considering this result, discussion on these cues would not
have occurred from the standard procedure of collaborative
reflection.

Therefore, we believe that INWARD contributes to deepen-
ing the reflection by providing grounds for discussion using
automatically detected cues. This result is also supported
by the participating coachee’s comment (P3) quoted in the
“How Coachees are Affected via Meta-reflection” section that
suggests an unconscious bias. This experience implies that



providing grounds for discussion by computers can enhance
the effect of collaborative reflection.

Relevance to Prior Studies Facilitating Reflection at Work
The literature in the HCI community have seen quite a few
studies on technologies and designs supporting reflection for
the purpose of learning from experiences [4, 5, 16, 43, 57].
Some of them featured computer-supported tools for fostering
reflection at work due to the increasing need for workplace
learning as a crucial mean for employees to keep their skills
and knowledge up-to-date. For example, Prilla et al. con-
ducted a case study to elucidate a design for tools to support
collaborative reflection in a healthcare workplace [50]. Subse-
quently, Prilla and Renner introduced a reflection-sharing app
in four workspaces to evaluate socio-technical aspects of such
tools [51]. Fessl et al. discussed the function of computer-
based reflection guidance through trials at four workplaces
[15]. Here, these studies aimed to increase reflection opportu-
nities at the workspace, as the metrics they used are based on
the number of app usages.

We agree on the importance of guiding users to have more
reflection opportunities, but the depth of reflection is simulta-
neously no less essential. In other words, when more people
are motivated for reflective learning at work through these
studies, there will be a demand to deepen the learning process
of each reflection. In this respect, our results suggest how tech-
nology can amplify the effect of reflection with a consideration
of internal changes.

In a similar context, Renner et al. analyzed existing methods
for computer-supported reflective learning [53] by aggregating
data obtained from 20 field studies with 12 applications to
understand workers’ reactions to apps, effects of reflective
learning, effects on working behavior, and impacts on organi-
zations. While this study reveals a good systematic framework
for introducing reflection support tools at the workplace, it
lacks a detailed analysis on which part of the applications
increased the outcome of reflection and how.

Here, INWARD is specifically designed for improving the
effectiveness, and the obtained results confirmed that the com-
bination of video-reflection and meta-reflection significantly
increased the participants’ authenticity. We expect that, by
integrating with emerging technologies, the outcome of reflec-
tion can be further deepened through a computer-supported
approach. Based on this above discussion, more studies on
promoting reflections at the workplace are desired to meet the
demand for workplace learning.

LIMITATIONS AND FUTURE WORK
Some limitations exist in this study. First, the interaction
through the interfaces of INWARD is not fully sophisticated,
and we cannot rule out the possibility that this affected the
results. Specifically, as described in the “Usability” section,
the participants did not try to find scenes other than what the
behavior analysis algorithm detected, for instance. To elim-
inate such a possibility and further support our hypotheses,
future work will feature additional experiments with a greater

number of participants, which would be also helpful to under-
stand the observer effect mentioned in the “How Coachees are
Affected via Video-Reflection” section.

In addition, we would like to explore further use cases of
INWARD, as pointed out in the “Further Possibilities for
Computer-Supported Coaching” section, along with other ap-
plication scenarios outside of executive coaching. For example,
recent studies proposed computer-supported training systems
for improving interpersonal skills in social interactions, such
as job interviews [28] or counselling [41]. Considering that
such practice sessions involve the video-reflection process,
such systems can be enhanced by harnessing INWARD to
reflect on their unconscious behaviors efficiently.

CONCLUSIONS
In this paper, we examined the possibility of evolving the
video-reflection process for executive coaching into an effec-
tive and efficient approach by providing our computer-based
supporting tool INWARD. This tool presents important scenes
from the sessions, which are detected by a human behavior
analysis algorithm, so that the coachee can reflect facilely by
reviewing through the video-interaction technique. In addi-
tion, it offers an opportunity for meta-reflection by facilitating
discussions with the coach during the reflection process. The
results of our user study showed that INWARD successfully
reduces the time of video-reflection and improves an indi-
vidual’s authenticity via the entire reflection process. These
findings support our hypotheses while opening opportunities
to utilize computers further to assist coaching in benefiting the
field of human resource development.
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