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Abstract. Engaging in enjoyable activities with intimate persons have
positive effects on both the physical and mental states of a person. For
instance, co-eating or chatting with family members or friends tends
to elicit positive emotions and feelings. This research aims to analyze
the effects of recalling enjoyable experiences, and to gain insights into
developing methods for effectively reproducing positive internal state.
For this purpose, we conducted preliminary experiments in which original
activities were recorded by videos and a heartbeat monitor, and these
videos were presented to some participants after a certain number of days
with facial expressions and heartbeats measured in the same ways as the
original activities. The results show that facial expressions and heart
rate features effectively characterize the internal states in the original
experiences and when reviewing the recordings. Moreover, the results
suggest that there are conditions for evoking internal states similar to
the original experiences.
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1 Introduction

When we look at photos or videos of our activities with friends or intimate people,
we typically feel happy and at peace. The effect is presumably provided by the
mechanism by which recall of our experiences significantly induces our emotions
and feelings. This research focuses on measuring the effects of the mechanism;
to what extent can videos or photos can evoke what types of effects.

This research is motivated by severe social demands for monitoring and pre-
serving mental health from depression, isolation, frail, etc. Reminiscence therapy,
one of the dementia treatments, utilizes the effects of early recollection of mem-
ories[1]. It aims to improve psychological well-being by retrieving self-efficacy,
self-esteem, and the importance of existence by recollecting the early days, typ-
ically days at a young age.

One type of the activities we are focusing on is “eating with intimate people,”
i.e., co-cooking or co-eating. These activities undoubtedly benefit our mental
health, not only during the time of activities but also when we reflect on these
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experiences. Thus, we can can anticipate that providing photos or videos records
of those activities will have a positive impact.

To analyze those effects, first, we need to measure the internal states both
during actual experiences and when recalling them, and then analyze the recalled
experiments by comparing the measuring results. For this purpose, we use facial
expressions and heartbeats, and confirm the conditions for good effects. Second,
we need to determine which portions of the records are more effective to draw
good response, i.e., good internal states [3] as stated in episodic memory recall[2].
With these analyses, we can effectively design the use of activity records.

As preliminary experiments, we recorded chatting, co-cooking and co-eating
activities and reviewed and analyzed the effects. Thorough experiments, we ob-
tained good clues that support the above framework of inducing good internal
states, and obtained some ideas for conditions under which this mechanism works
effectively.

2 Activity and Internal States

2.1 Enjoyable Activities

We focus on the activities of chatting, cooking, and eating with intimate per-
sons. We have an enjoyable time chatting and eating special meals together at
Christmas time, the new year’s day, and other festival seasons. Memories of
those experiences are typically recalled triggered by similar dishes or photos,
and we retrieve a happy feeling at those activities. This suggests that watching
or hearing enough records of those activities would induce good internal states.
Hereafter, this process of watching to recall experiences will be referred as the
“reviewing process.”

To use review processes, we need to consider negative conditions that those
records do not provide good effects, e.g., photos or videos are less stimulus and
boring, or sometimes even embarrassing. We also need to consider the situation
in which a person does not have enough time to watch the records. Considering
those backgrounds, we investigated which part of activities (records) cause good
effects to the internal states.

2.2 Relationship of internal states between original expedience and
reviewing process

We focus on positive internal states, e.g., happy, pleased, delighted, etc. that are
most desirable emotions for maintaining mental well-being. Hereafter, we rep-
resent them by “positive state”. This positive state can be specified by positive
valence, and the rightmost area in Russel’s circumplex model[4] may represent
this state. This area typically causes facial expressions such as smiling, which is
occasionally superseded by laughing.

The area does not correspond to a high arousal value in the circumplex, which
means that the sympathetic nervous system is not highly active, and that the
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parasympathetic nervous system is more active than it. This state is considered
free from severe stress and strain, and is rather related to a relax mood or feeling.
The state is partially measured by heart rate features.

From the above consideration, we employed smile ranking through activities
and a video-reviewing process. Smile is easily recognized by humans and pos-
sibly by computer vision. We first attempted human rating; however, we are
considering automatic smile rating in the future[6][7]. The other measurement
is on the heartbeat. Some feature indices of heartbeat e.g., LF/HF, SDNN, and
RMSSD, are closely related to the activation of the sympathetic nervous and the
parasympathetic nervous systems. The heart rate features are supposed to pro-
vide supplemental information to smile ranking by the estimation of a stressed
or relaxed state.

The following important points should be clarified:

— How can we reliably measure positive states using facial expressions and
heart rate features?

— What are the internal state relationships between the original experience
and the reviewing process?

— What are the individual differences among the participants?

— How does the reviewing condition (including the internal state) affect the
reviewing results?

— How long does the effect last?

Each of the above points includes a variety of factors, and we first deal with the
first and second points in this article.

3 Measurements

We record the states of the participants using videos and a heart rate monitor
during original activities and reviewing processes.

3.1 Recording method

For video recording, we mainly use omnidirectional cameras (GoProMAX) to
capture the faces of the participants and important objects such as dish and
drink, as shown in Figure 1 (a). If necessary, two or more cameras were placed
to capture the faces of the participants and environments. Speeches and other
important sounds are recorded and included in the videos. Figure 1 (b) shows
the recording method for video reviewing. An omnidirectional camera is placed
to capture the face of the participant and video content.

Heartbeats are recorded using wearable heart rate monitors (myBeat WHS-
1) during both the original activities and reviewing processes. These sensors
(monitors) also record acceleration in three dimensions, which is used for data
synchronization with the video data’.

! The wearing participant jumps while being captured by the video
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Fig. 1. (a) Original activity and video capturing. Omnidirectional camera(s) is placed
to capture the faces of the participants and the environment. (b) Video-reviewing
process. Omnidirectional camera(s) is placed to capture the face of the participant and
the video monitor.
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Fig. 2. Example of smile rating. Facial expressions are classified -1 (negative), 0 (neu-
tral) to 5 (smile with the highest intensity)

3.2 Smile index

Facial expressions in reviewing video records potentially represent the internal
states[5]. For this purpose, a human rater scores facial expressions every second
ranging from 71 to 5, with “0” representing neutral, “5” representing the maxi-
mum smile, and 71 representing negative. Figure 2 shows sample images of facial
expressions.

The rating was done by a single person in the following experiments; how-
ever, multiple raters will be preferable for future experiments[6][7]. In the current
experiments, we do not detect and remove fake smiles, and this is left for fu-
ture work. Rating results are processed by moving averages to reduce the effects
of fluctuations and quantization errors. We use the resultant sequence of the
averaged ranks as “smile-index,” To analyze the relationships of two facial ex-
pression sequences, e.g., person A and B, we calculated the correlation between
two sequences of facial expression changes for 10 s.

3.3 Heart rate variability

RRI (interval between R waves) has been intensively analyzed. The high-frequency
component of RRI (HF) is mainly related to the parasympathetic nervous sys-
tems; the low-frequency component of RRI (LF) is related to both the sympa-
thetic and parasympathetic nervous systems. However, because RRI is signifi-
cantly affected by body movements and other artifacts, LF /HF is commonly used
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Fig. 3. Sample of heartrate variability (SDNN, RMSSD, r-index (=SDNN/RMSSD))

as an index of the activation of the parasympathetic nervous system. Thus, a
smaller LF /HF value suggests a relaxed mental state, and a larger value suggests
a stressed or strained internal state.

LF and HF are indices in the frequency domain, which cannot be reliably
calculated in a short period. Alternatively, SDNN and RMSSD are frequently
used as indices that are tightly related to the activation of the sympathetic and
parasympathetic nervous systems [8][9]. They are calculated as follows.

SDNN = W (1)
RMSSD = \/ Zijv—?xi__ll“y (2)

where I; represents the i-th RRI of heartbeat, and I represents the average of
RRIs.

RMSSD is considered the index of the superiority of the parasympathetic
nervous system to the sympathetic nervous system, which may correspond to
the HF element. SDNN is related to the activation of both nervous systems.
These indices are also significantly affected by body movements, postures, and
speaking acts. The ratio of SDNN and RMSSD (SDNN/RMSSD) is devised to
cancel those artifacts by dividing SDNN by RMSSD, both of which values are
increased by body movements[10][11]. Hereafter, we represent the ratio as “r-
index” (r = SDNN/RMSSD).

It is common to calculate SDNN and RMSSD for 3- to 5-min epochs, and
the person being measured is typically requested to stay still (at rest) during
the measurement. Our purpose is to measure the internal states of a person
while he/she is engaged in activities, such as chatting, cooking, and eating. The
internal state in such situations is expected to change more quickly than the
above resting case. To deal with this condition, we calculate these indices every
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Table 1. The idea of categorizing internal states by facial expression and heart rate
features. P denotes “positive,” R denotes “relaxed,” S denotes “stressed,” m denotes
“possible effects of movement,” and * denotes “uncertain,” that is, “cannot be esti-
mated.”

smile-index small r-index large r-index
large SDNN|small SDNN|large SDNN [small SDNN
large smile-index| P & Rm P& R Pem PaS
small smile-index| * & Rm *@ R *@m *@ S

30-s epoch. Figure 3 shows a sample in our experiments. SDNN, RMSSD, and
r-index (=SDNN/RMSSD) changed based on both body motions and internal
states, and this does not show unacceptable fluctuations. We intensively analyze
the proper use of the measurement of these indices in a short epoch such as a
30-s epoch.

3.4 Analysis using two modalities

We analyze videos and heartbeats that are simultaneously recorded in the origi-
nal activities and their reviewing processes. The meaning of heart rate indices is
partially deduced from video recordings by examining motion and speech con-
ditions.

Considering the characteristics of each feature index, we have following clas-
sification of internal states as shown in Table 1

— Large smile-index represents positive internal states. However, it does not
always express relaxed states. We need to assess heart rate features to clarify
it.

— Low r-index suggests relaxed internal states.

— If the r-index is large, we need to check the SDNN value. If the SDNN value
is large, we assume that this portion expresses body movements and does
not provide clues for a stressed or relaxed state. If the SDNN value is small,
it suggests a stressed internal state.

We can use SDNN as a representative of SDNN and RMSSD because both
simultaneously become large with body movements. If the SDNN (or RMSSD)
value is small, it implies small and negligible body movements. Consequently, a
state with a large r-index and small SDNN is considered stressed or strained.
In contrast, a state with a large r-index and SDNN does not provide clues for
either a stressed or relaxed state, because a large SDNN does not necessarily
mean body movements. It is assumed that a small r-index value represents a low
LF/HF index and indicate relaxed rather than stressed states.

Hereafter, the feature values f of the i-th participant in the original expe-
rience and a reviewing process are denoted as f?(¢) and f7(t), respectively. ¢
represents the timeline of the original experience and its record. f can be smile-
index (S%), r-index (Ri), SDNN, RMSSD, etc. ff;ék(t) represents average of f©
for all participants, except the k-th participant.
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Fig. 4. Experiment 1: chatting with an intimate friend

smile-index: - participant 1 - participant 2
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Fig. 5. Smile-index changes in experiment 1

4 Preliminary Experiments

4.1 Recorded activities

We recorded the following activities.

Experiment 1 Figure 4 shows sample images of the activity of chatting with
an intimate friend. We did not notice any significant body movements, such as
standing up or walking, from the participants while they sat in front of the table.
One participant wore a heart rate monitor. The length of chatting was approxi-
mately 25 min. The reviewing process was done by one of the participants alone
without communicating with others, as shown in Figure 1 (b). The reviewing
process was performed 3 weeks after the original activity.

Experiment 2 Four participants in the same office cooked pancakes together,
as shown in Figure 1 (a). Throughout the activity, they chatted, cooked, and
ate pancakes, the effects of which were recorded. Each participant wore a heart
rate monitor. Two of the participants reviewed the video recording. The review-
ing process was performed approximately 5 weeks after the original activity. All
reviewing processes were performed by one participant alone without communi-
cating with others.

4.2 Smile and heart rate features

First, we show the measurement results and the analysis results of the original
activities. The upper row of Figure 5 shows smile-index changes through Ex-
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Fig. 6. Smile-index changes in experiment 2
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Fig. 7. Smile-index changes during the reviewing process in Experiment 1

periment 1. As shown in the figure, the smile-indices of both participants are
relatively high on average, and peaks intermittently appeared. The correlation
between the smile-indices of the two participants throughout the experiment is
approximately 0.6, as described in the lower row of Figure 5. It is mostly posi-
tive, which implies that the chatting activity was fun for both participants and
that they felt sympathy.

The upper row of Figure 6 shows smile-index changes through Experiment 2.
Similar to Experiment 1, smile-index peaks appear intermittently; however, the
intensity is relatively low compared with Experiment 1. The lower row of Figure 6
shows detailed correlation between participants. The correlation shows more
complicated changes in which negative values frequently appeared, presumably
due to sophisticated communications among four participants while attention
was frequently paid to the cooking tasks such as success or failure of each process.

Figure 7 shows the smile-index during the reviewing process in Experiment 1.
In the original activity, body motions significantly affected the indices; however,
in a reviewing process, body movements are negligible, and the indices are ex-
pected to represent mostly internal states. The lower row of the figure depicts the
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Fig. 8. Smile-index changes during the reviewing processes in Experiment 2

correlation to the original activity. Mostly, similar facial expressions appeared
as the original activity even though some portions have a lower correlation, and
the reason for this is discussed below.

Figure 8 shows the smile-index during the reviewing process in Experiment
2. The baseline of the intensity is stable and lower than that of the original
activity, especially for participant 2; however, there are some significant peaks
almost aligned with the peaks of the original activities.

Figure 9 and 10 show the heart rate features through Experiments 1 and
2. The figures show that SDNN and RMSSD have almost the same trend and
peak positions, with a correlation of approximately 0.9. This supports the above
discussion in Section 3.4 that we can use either of them to detect trends and
peaks. Different from those indices, r-index has a lower baseline and intermittent
spikes that suggest the activation of the sympathetic nervous system. In the
experiments, many of those peaks correspond to situations with significant body
movements or intensive chatting.

Each SDNN, RMSSD, and r-index correlation between participants is low,
with the majority of them being close to zero. Examples of details are shown in
Figure 9(b) and Figure 10(b). Positive and negative portions alternated, implying
that raw heart rate features are not systematically synchronized.
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Fig. 9. Heart rate features in Experiment 1

4.3 Relationship between the original and reviewing

Before discussing the relationships, we first categorize the situations in the orig-
inal activities. The following are four typical situations that cause peaks (local
maxima) of smile-index or local extrema of r-index.

Suppose that we are focusing on one participant, denoted by X, and others
are denoted by Y;.

(A) body movements or discussion of Y; created a lively mood

(B) body movements or discussion of X created a lively mood

(C) body movements or discussion of X and one or more Y; created a lively
mood

(D) body movements or discussion of X or Y; had no significant effect on mood

As shown in the above examples, smile-index peaks in the original activi-
ties typically resulted in smile-index peaks in a reviewing process. Generally,
smile-index has a significant correlation between the Original experience and a
reviewing process, that is, denoted as correlation(Si¢, Sif). The lower parts of
Figure 5 and Figure 6 show examples. Correlation between self smile-index in
the original experience and that in a reviewing process (correlation(Si?, Sil) =
0.59 in Figure 5 case) is slightly higher than the correlation to other members
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(b) correlation between the original experience and a reviewing process

Fig. 10. Heart rate features in Experiment 2

(correlation(Sif ,;, Si;) = 0.42 in Figure 5 case). This suggests that smile repro-
duction strongly depends on the self internal states of the original experiment
rather than the atmosphere in the original experiment.

More precisely, the above categories (A) and (C) are the most frequent Types,
where larger peaks are reproduced in a reviewing process. Category (B) also
occasionally reproduces smile-index peaks in a reviewing process; however, the
frequency is less, and the peak values are typically lower than those of category
(C). Smile-index peaks in a reviewing process always have corresponding peaks
in the original experiences. We did not observe smile-index peaks without the
corresponding peaks in the original experiences.

Looking at heart rate indices, the correlation between the original and re-
viewing process is approximately 0, which is similar to that between participants.
However, some extrema indicating relaxed/stressed states in the original expe-
rience may have induced relaxed/stressed states during a reviewing process, as
indicated by the red/green solid lines on the graph in Figure 11. These are typical
examples of the above categories (A) and (C) for relaxed states, (D) for stressed
or strained states, or unrelated to positive internal states. Counter samples that
do not follow this idea are at the dotted orange lines in the same graph, and the
situation corresponds to (B). This is probably because watching the participant’s
behaviors objectively is sometimes embarrassing, which may cause stress. One of
the participants introspected that he/she felt embarrassed in watching his/her
big smiles/laughs. In this regard, when one participant’s behaviors amused the
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Fig. 11. Relationship on internal states between the original experience and a reviewing
process in (a) Experiment 1 and (b) Experiment 2

others, the person and others may exhibit different trends. For example, the per-
son has a higher r-index (stressed or strained), whereas the others have a lower
r-index (relaxed).

Next, let us consider the mutual relationships between facial expressions and
heart rate features. The red solid lines in Figure 11 correspond to P& R(m), and
the green solid lines correspond to * @ .S given in Table 1. If those conditions are
satisfied, the same internal states tend to be induced, as demonstrated in the
example. The orange solid lines represent P @ .S, which correspond to the above
categories (B) or (C) in which the participant’s actions elicited a positive mood
and smiles. In such cases, smiles may also appear, but they tend to be weaker
than in the typical cases of (C).

The orange dotted lines represent P @ m. Although smiles may appear in a
reviewing process of such portions, smiles tend to be significantly weaker, and
internal states show stressed states such as P @ S or * @ S. Most of these types
correspond to the cases that we already discussed in the above cases, that is, the
participant was slightly embarrassed. Another possibility is that the participant
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recalled the sophisticated situations, e.g., the participant pretended to smile (a
wry smile) a little bit in the original experiment.

In addition, intense smiles frequently occur (P@® Rm) just after some stressed
situations in which r-index is relatively high (x @ S). This can be also a good
clue to finding portions that reproduce positive internal states.

5 Conclusion

In this article, we investigated the effects of recordings of enjoyable experiences
to reproduce positive internal states. For the analyses, we recorded the chatting,
co-cooking, and co-eating activities of participants and measured their smiles
and heart rate features. Through our preliminary experiments, the smile-index
correlation between the original activity and a reviewing process was kept rela-
tively high, and parts with intense smiles in a reviewing process were frequently
accompanied by relaxed internal states.

These experiments are still preliminary, and most of the analyses are only
qualitative. We need a systematic investigation for quantitative analysis. With
a more systematic understanding of the effects of reviewing processes, we can
expect those effects for therapy, QOL monitoring, etc.
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