How do our brains perceive comfort during face-washing actions?
-An investigation of the reason why we continue to use cleansing foams-
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Abstract.

Cleansing foams not only to remove the excess dirt on the skin, but also provide
comfort to users. Therefore, to develop a cleansing foam that is pleasant to the user, we
aimed to capture the emotional response of users while using cleansing foams. We
examined the effect of the froth up of the cleansing foam and the tactile feel of the foam
on participants’ emotions. To capture the brief and latent emotions during face-washing,
we used electroencephalography as a neurophysiological indicator. In this study, we
focused on three phases of the face-washing action: phase 1: frothing up; phase 2: the
tactile feel of foam on the hands; and phase 3: applying the foam on the face. The results
showed that the neural activity values in the Brodmann area 11 (BA11) region, which
controls rewarding properties, increased as the act of washing the face progressed from
phase 1 to phase 3. Comparison of the neural activity in the BA11 region by phase
revealed that speed of lathering in phase 1, fineness of the lathering in phase 2, and
elasticity of the lather in phase 3 increased the neural activity in the BA11 region. These
results suggest that brain activity related to rewarding properties change depending on the
phase of face-washing action and the characteristics of the cleansing foam. This study
demonstrated the possibility of capturing emotional changes while using a face wash.
These findings could be useful as design indicators for developing facial cleansers that
can generate pleasant emotions in consumers.
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1. Introduction.

Generally, cosmetics used by consumers on a daily basis are intended to improve skin
quality and prevent skin problems. However, in addition to skin quality, cosmetics are
known to have positive effects on users’ minds, such as providing a sense of well-being
[1]. Thus, improving mental health is also a role of cosmetics. In other words, the
development of cosmetics that have a positive effect not only on the skin but also on the
mind are required to improve consumers' quality of life (QoL).

Tactile information is known to induce emotional changes in the subject. In other fields,
tactile stimulation with different materials has been reported to be associated with
pleasant sensations [2]. In cosmetics, tactile stimuli are generated when users pick up an
object and apply it to their faces. Therefore, some kind of emotional change could occur
during the use of cosmetics, but until now, there have been insufficient studies on
emotions during cosmetic application. Until now, subjective sensory evaluation has often
been used to measure emotions during cosmetic use [3]. However, although sensory
evaluation can capture formulation characteristics, such as physical properties, it cannot
capture the emotional effect of formulation characteristics on the user. Therefore, in
recent years, there have been an increasing number of attempts to evaluate the
psychological effects of cosmetic textures on consumers using neurophysiological
methods [4].

Cosmetics are broadly classified into cleansers, skin care products, and makeup
products, and the effects of texture on consumers have most frequently been investigated
for skin care products. With regard to cleansers, the emphasis has been on functions such
as removing makeup and dirt. Therefore, the psychological effects of their use have not
been investigated extensively.

Burden on the skin due to friction is an issue with cleansers, including cleansing foams
[5]. Therefore, it is generally recommended that cleansing foams should be used after
sufficient foaming by the user. It has also been reported that well-lathered foam improves
the cleaning power [6, 7]. For these reasons, many cleansing foams are applied to the face
after the subjects froth it up with their hands. In other words, in addition to the tactile
stimulation described above, even the comfort of use, such as ease of frothing up, may
have a psychological effect on us. One neurophysiological way to investigate emotions is
to examine brain activity. Several attempts to capture changes in emotion using functional
magnetic resonance imaging and near-infrared spectroscopy have been reported as non-
invasive methods for examining brain activity [8, 9]. However, there are some challenges



in capturing emotional changes during the actual use of cosmetics, such as low temporal
resolution. Electroencephalography (EEG) has a high temporal resolution and can capture
real-time changes in emotions.

The act of washing the face consists of a series of actions: lathering the cleanser,
gathering it in the hands, applying it to the face, spreading it, and rinsing it off. In this
study, we focused on the tactile information provided by the foam and the process of
preparing the foam and examined the effects of the actions from frothing up to applying
the foam on the face on the user's emotional state. We set out to test the hypothesis that
the ease of lathering and the characteristics of the lather created by the facial cleanser
affect the user's affective response. By capturing the emotion caused by the process of
creating foam and the characteristics of foam, we expect to apply the results to design
indexes for cleansing foam that also contribute to consumers' mental health.

2. Materials and Methods.

The relationship between the characteristics of cleansing foams and emotional changes,
which was the purpose of this study, was verified using the scheme shown in Fig. 1. The
procedure for the preliminary experiment was previously reported [10].

Preliminary Experiment 3¢
Investigation of brain regions activated by the feel of foams

| — . |

Physical Properties Measurement
Investigation of physical properties of facial cleanser samples

Selection of cleansing foam samples

Experiment
EEG: Investigation of the effects of face washing actions on specific brain regions
salivary cortisol: investigation of stress by face washing action
questionnaire: investigation of sensory evaluation by subjects

4

Consideration of the relationship between cleansing foam characteristics and emotions

Fig. 1 Verification scheme in this study; 3 : According to the previously reported method

2-1. Participants

Preliminary experiment: Twelve healthy adult women (mean age: 20.2 = 0.7 years)
with no history of orthopedic or neurological disease were included in the study.
Measurements were recorded between November 11 and 13, 2020.

Experiment: Twelve healthy adult women (mean age: 21.5 £ 1.2 years) different from
preliminary experiment, with no history of orthopedic or neurological disease were



included in the study. Measurements were recorded between August 25 and 29, 2021. To
standardize the lathering process, subjects were given a pre-specified facial cleanser, a
video was shown on how to lather, and they were told to perform several practice sessions.
The subjects answered the number of times they practiced and the amount of foam they
could create in a preliminary questionnaire.

The preliminary experiment and experiment were approved by the ethical review
committee of the FANCL Corporation (approval number F20-006). The purpose, content,
and procedures of the study were explained orally and in writing, and informed consent
was obtained.

2-2. Selection of cleansing foam samples

For the purpose of sample selection, 12 skilled workers performed sensory evaluations
of 12 different facial cleansers. We selected samples with low ratings for lather and foam
elasticity (Sample A) and samples with high ratings for lather and foam elasticity (Sample
B) as test products. In addition, Sample C was created by increasing the ingredients that
contribute to the foaming power of the formula in Sample B. Three types of samples, A,
B, and C, were used for testing. Fragrances are known to affect the EEG and cause
relaxation and arousal [11]. In this study, fragrance-free samples were selected to avoid
the influence of fragrances.

To ensure an objective evaluation of the three selected samples, the samples were
lathered in a uniform manner. Two grams of the cleanser was measured in a mesh-type
milk frother, and 24 g of tap water was poured into it. While adjusting the milk frother to
sufficiently dissolve the cleanser, the lever of the milk frother was moved up and down
to foam the cleanser to the default foam volume (approximately 110 cm?®). The foam was
evaluated using the following three methods:

(1) Foaming speed

The time to reach the default foam volume was recorded.
(2) Foam fineness

The foam was photographed with a digital microscope VHX-5000 (Keyence Co.,
Osaka, Japan) at 50x magnification, and the circular area was calculated using the
automatic area measurement tool of the instrument (threshold value 30).

(3) Elasticity of the foam

The maximum value (gw) was recorded when foams were measured under the
following conditions: measurement equipment: Fudoh Rheo Meter (Rheotech Co., Ltd.,
Tokyo, Japan); range: 200 gw; adapter: flat plate @20 mm; sample table speed: 60
mm/min; entry width: 10 mm; chart speed: 60 mm/min; chart full-scale: 4 gw.



2-3. preliminary experimental procedure

The procedure was carried out as previously reported [10]. Subjects were given foam
that had been pre-foamed by the researcher; EEG was measured in two phases (phase I:
feeling the foam given to them using their hand, phase Il: placing the foam on their face).

2-4. experimental procedure

Fig. 2 illustrates the experimental procedure. First, the researcher placed a sample of
the face wash on the palm of the subject's hand and collected the saliva. Next, the subjects
were instructed to rest for 120 sec in a sitting position with their eyes open. The subjects
then began frothing up the cleansing foam on their own (phase 1). The subjects were
asked in advance how much foam they would routinely produce with the cleansing foam.
The researcher instructed them to finish frothing the cleansing foam with the preferred
amount of foam as the goal. Phase 1 had a maximum time limit of 300 sec. Next, subjects
gathered the foam in their hands for 10 sec (phase 2), placed the foam on their cheeks,
and held it for 3 sec (phase 3). Subsequently, it is the same as in the preliminary study
shown in Fig. 2. Finally, the saliva was collected again. A series of face-washing actions
were performed using Samples A, B, and C selected in 2-2. Measures to deal with the
sequential effects and sequelae of tactile stimulation were the same as in the preliminary
experiment.

After the act of washing the face was completed, the subjects were asked about the ease
of lathering, the fineness of the lather, and the elasticity of the lather created for each
cleanser using a questionnaire. The questionnaire was given a score from 1 to 7, with
higher ratings given to better ratings in 0.5-point increments.

Rest frothing up the Take the foam Put the foam Spread the foam Rinse off the foam Answer the
cleansing foam n hands on the cheek on the face questionnaire
(120 sec) (max 300 sec) (10 sec) (3 sec) (no set time limit) (no set time limit) (no set time limit)

| | ] ] | ]
N I | | | I I -~ -

Saliva collection EEG recording EEG recording EEG recording Saliva collection
(pre-test) (phasel) (phase2) (phase3) (post-test)

Fig. 2 experimental protocol

2-5. EEG Measurement and Analysis

We measured the EEG signals in phases 1, 2, and 3 (Fig. 2). We used active electrodes
(9.tec medical engineering GmbH, Schiedlberg, Austria) and a biosignal analysis system
(Livo, Tec-Gihan, Kyoto, Japan) for the tests. The measurement sites were derived from
15 sites (Fpz, Fz, Cz, Pz, Oz, F3, F4, C3, C4, P3, P4, F7, F8, T7, and T8) using both



earlobes as reference electrodes according to the international 10-20 method. The band-
pass filter was 1-30 Hz, and the sampling frequency was 1,000 Hz. After the EEG
measurement, the brain neural activity related to hand movement and the movement of
the hand touching the face were subtracted from the data regarding the application of the
three facial cleansing samples. In phase 1, the time until the subject finished lathering was
cut into 3-sec epochs of data, and the average data (3 sec) was used. In phase 2, 9 sec of
EEG data were cut into 3-sec epochs of data, and the average data (3 sec) were used.
Phase 3 used the 3-sec data as they were. The measured EEG data were subjected to fast
Fourier transform analysis in standardized low-resolution brain electromagnetic
tomography (SLORETA) [12] and standardized using the Talairach Daemon software
embedded in the analysis program. Then, the SLORETA analysis was used to calculate
the coordinates of the Montreal Neurological Institute standard brain coordinate system
in the X, y, and z directions for each frequency in a brain region divided into 6,239 voxels,
which were converted into a three-dimensional image. The results are presented as the
current density values (uA/mm?2) for each voxel. Since the purpose of this study was to
detect emotional responses in the cerebral cortex using EEG, the neural activity in the
beta wave band (13-20 Hz) was verified.

2-6. Salivary Cortisol Measurement

Saliva samples were collected and salivary cortisol levels were measured before and
after a series of facial cleansing actions (Fig. 2). Saliva samples were collected using a
SOMA Oral Fluid Collector (OFC) (SOMA Bioscience, Wallingford, UK). An OFC swab
was placed on the participant’s tongue and the mouth was closed. Saliva (0.5 mL) was
absorbed by the OFC, removed from the participant's mouth, and stored in 3 mL of buffer
solution. Saliva samples were analyzed using a SOMA lateral flow device and a SOMA
cube reader.

2-7. Statistical Analysis

In the SLORETA analysis, the predominantly neurally active regions in the beta
waveband were shown in red. In addition, one-way analysis of variance (ANOVA) with
Fisher's least significant difference method (Fisher's LSD) was used for the comparison
by phase (three groups) of the current density values in the most neurally active regions.
Two-way ANOVA with Fisher's LSD was used for comparisons by phase (three groups)
and sample (three groups). Corresponding t-tests were used to compare the mean cortisol
levels before and after face-washing actions, as shown in Fig. 2. The Kruskal-Wallis test
was used for the sensory evaluation results, and the Steel-Duwas method was used for



multiple comparisons. The statistical significance level was set at 5%.

3. Results.

3-1. Selection of cleansing foam samples

The results of the objective evaluation of the three selected cleansing foams are
presented in Table 1. First, the time to reach the default foam volume described in 2-2
was the longest for Sample A, followed by Sample B, and shortest for Sample C. This
indicates that Sample C produces foam the fastest, while Sample A produces it the slowest.

The area of the bubbles was smallest for Sample A, followed by Sample B, and largest
for Sample C. A smaller area occupied by bubbles indicates a finer foam texture, whereas
a larger area of bubbles indicates a coarser foam texture. It is evident that the foam was
finest in Sample A, followed by Sample B, and least fine in Sample C.

The hardness of the foam was the highest for Sample B, followed by Sample C, and
the lowest for Sample A. In this study, a high foam hardness was considered as an elastic
foam, and a low foam hardness was considered as a non-elastic foam. Therefore, it was
suggested that the elasticity of the foam was highest for Sample B, followed by Sample
C, and lowest for Sample A.

Table. 1 Physical properties of the foam of the selected cleansing foams

Samples A B C
Time required to froth up (sec) | 55 27 13

Average area of bubbles (um?) | 1809 2131 3476

Hardness of foam (gw) 2.29 £ 0.05 3.51+0.12 3.17£0.02
Properties of foam Slow/Fine/Non | Normal/Fine/El | Quick/Coarse/
Foaming/Fineness/Elasticity elastic astic Elastic

3-2. Preliminary experiment : Application of pre-foamed cleansing foam

As a preliminary experiment, we examined neural activity when subjects were given
foam samples that had been pre-foamed by the researcher. As shown in Fig. 3, neural
activity was high in the prefrontal cortex, particularly in the Brodmann area 11 (BA11),



as previously reported [10]. Table 2 shows the coordinates of the areas of high neural
activity and their corresponding mental states.

phase |
(a)

v .

Fig. 3 Areas of neural activity in the brain: (a) phase | - Sample A; (b) phase Il - Sample
A; (c) phase I - Sample B; (d) phase Il - Sample B

Table. 2 Coordinates with high neural activity values and corresponding mental states
area name MNI coordinates Mental state

BA1l X=-5,Y=60,Z=-10 | Rewarding behavior

Brodmann area 11

BA32 X=-8,Y=40,Z=15 | Cognitive judgment and decision
Brodmann area 32 making based on motivation and
rewarding

3-3. Experiment : Application of foam frothed up by subjects themselves
3-3-1. EEG

The subjects were given a cleansing foam to froth up (phase 1), and after the frothing
up was completed, foams were collected by hand (phase 2) and applied to the face (phase
3). First, to investigate the effect of each phase in face-washing on the neural activity
values of BA11, we calculated the average of the neural activity values in the BA11 region
during the use of three types of face washes in phase 1, 2, and 3. The results shown in
Fig. 4 indicate that the BA11 neural activity increased significantly from phase 1 to phase
2, and from phase 2 to phase 3, indicating that BA11 neural activity increased as face-
washing progressed.
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Fig. 4 Neural activity values in BA11 coordinate in each phase; **: p<0.01

Next, we compared the differences in the neural activity values of BA11l between
samples. As shown in Fig. 5, in phase 1, Sample C had significantly higher neural activity
values in the BA11 region than Sample A did.
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Fig. 5 Comparison of neural activity values in BA11; *: p<0.05, **: p<0.01

On the other hand, in phase 2, Samples A and B had significantly higher neural activity
values for BA11 than Sample C.

In phase 3, Samples B and C had significantly higher neural activity values than Sample
A did.



3-3-2. Salivary Cortisol

We compared the mean cortisol levels in saliva collected before (pre) and after (post)
face-washing actions using the three cleansing foams. The results, shown in Fig. 6,
showed no difference in cortisol levels before and after face-washing.
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Fig. 6 Comparison of salivary cortisol levels before and after face-washing actions. “pre””:
before “Rest” in Fig. 3, “post”: after “Rinse off the foam” in Fig. 3

3-3-3. Questionnaire

As shown in Fig. 7, the foaming speed scores was significantly higher for sample C
than for sample A. This is consistent with the results shown in Fig. 8 for the time subjects
took to foam, and Table 1 for the time to reach the default foam volume.

The fineness scores of the foams in Fig. 7 tended to be higher for Sample B than for
Sample A. This was not consistent with the results for the area of the bubbles shown in
Table 1, where Sample A had a smaller bubble area than Sample B.

The elasticity scores of the foam in Fig. 7 was significantly higher for Samples B and
C than for Sample A. This is consistent with the foam hardness results shown in Table 1,
where Samples B and C had higher hardness values than Sample A.

10
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Fig. 7 Subjects’ questionnaire evaluation of the created foam. Speed: evaluation of speed
of foaming (left), fineness: evaluation of the fineness of the created foam (center),
elasticity: evaluation of the elasticity of the created foam; 1: p< 0.1, *: p<0.05, **: p<0.01
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Fig. 8 Time for the subject to finish frothing up

Discussion.

This study showed that neural activity in the BALL region increased as the face-
washing action progressed. It was also shown that neural activity in the BA11 region

changes when face washes with different physical properties are used. In this section, we

discuss the possibility that face-washing actions may elicit pleasant emotions among the

11



users through activation of the BA11 area. We also discuss the relationship between the
neural activity of the BA11 region in each phase and the physical properties of the face
washes.

To investigate the effects of foam quality on the mind and body;, it was first necessary
to verify whether neural activity was affected by the cleansing foam. The results of the
preliminary experiment, shown in Fig. 3, indicate that neural activity in BA11 increased
more predominantly than in other regions when exposed to facial cleansing foam. This
indicates that the feel of the bubbles has a psychological impact. Since BA11 is known to
be a region that controls "rewarding” behavior [13], and is activated by tactile stimuli
accompanied by pleasant emotions [14]. It was suggested that the feel of the bubbles may
provide the user with the pleasant emotion of “reward”. Next, it was necessary to ensure
that the face-washing actions were not uncomfortable for the user when accompanied by
frothing by the subjects themselves. In this study, the salivary cortisol level, a known
stress indicator, was measured before and after the samples were used. It has been
reported that the amount of cortisol in saliva decreases during relaxation [15, 16] and
increases under stress conditions [17, 18]. A comparison of the mean values of all samples
before and after use showed no change in the cortisol levels (Fig. 6). This indicates that
face-washing is not a stressful act for users.

The results in Fig. 3 indicate that the feel of the foam affects the neural activity in the
BA11 region. Therefore, we investigated the neural activity values in the BA11 region
during face-washing actions, starting with lathering, in accordance with actual use. As
shown in Fig. 4, the neural activity of BA11 increased in all samples as the face-washing
actions progressed from phase 1 to phase 2 and from phase 2 to phase 3. It has been
reported that comfortable and continuous tactile stimulation increases activity in the
orbitofrontal cortex, including BA11 [19]. These indicate that face-washing actions may
induce a sense of comfort in people by increasing neural activity, which reflects reward
processing.

To test whether rewarding neural activity values varied with sample characteristics, we
compared the neural activity of BA11 by sample. As shown in Fig. 5, in phase 1, Sample
C had a higher BA11 neural activity than Sample A. The results of the subject's evaluation
shown in Fig. 7 and the time required for foaming shown in Fig. 8 indicate that sample C
produced foam the fastest. This suggests that the ease of use, such as the ease of frothing
up, may have a pleasurable emotional effect. Based on EEG-based evaluations, previous
studies in other fields have reported that stress increases as the usability of multifunctional
phones worsens [20]. This suggests that usability, such as the ease or difficulty of frothing
up cleansing foam, may also affect emotions. In phase 2, in contrast to phase 1, Samples

12



A and B had significantly higher BA11 neural activity values than Sample C. Sample A
was inferior to Sample C in terms of foamability and foam elasticity. The only factor that
was superior in other samples compared to that in Sample C was the fineness of the foam,
as shown in Table 1. Therefore, it was suggested that the fineness of the foams may have
influenced the neural activity value of BA11 in phase 2. Previous studies have shown that
visual stimulation activates neural activity in the orbitofrontal cortex, which is associated
with rewarding properties [21]. This suggests that the appearance of the foam may have
elicited pleasant emotions in the subjects as a visual stimulus in this study. However, the
results of the sensory evaluation in Fig. 7 show that Sample A had the lowest score of
fineness, which did not match the results for the average area of bubbles in Table 1. This
may reflect the uncertainty of the sensory evaluation, which was answered after all tasks
were completed. On the other hand, the results suggest that EEG may have been able to
capture emotions in real time.

In phase 3, Samples B and C had higher BA11 neural activity values than Sample A
did. This could be attributed to the fact that Samples B and C had more elastic foams than
Sample A, because in phase 3, unlike phase 2, visual information was blocked. Therefore,
the only input signal to the face was the tactile stimulus of the foam touching it. This
supports the hypothesis that the fine appearance of the foam affects emotion in phase 2,
where visual information is acceptable.

We believe that the resolution of the following limitations can help improve the QoL
for people who use cleansing foams. (1) The subjects in this study were young women.
Since facial cleansers are used by all genders and ages, it is necessary to increase the
number of subjects in future studies; (2) the types of facial cleansers used in this study
were limited. This study demonstrated the possibility that user emotions may change
depending on the properties of the cleanser. We believe that in the future, by using various
types of facial cleansers with different properties for verification, the results can be widely
applied when designing facial cleansers; (3) in this study, the verification phase was from
frothing up to applying the foam on the face; however, as shown in Fig. 2, the act of
washing the face includes spreading foam on the face and rinsing it off. By expanding the
verification phase in the future, it may be possible to create an index for designing
cleansing foams that generate pleasant emotions throughout the facial cleansing process.

Conclusion.

In this study, we examined the effects of input stimuli, such as tactile information from
cleansing foam and the process of preparing the foam, on the emotions of the subjects.
This study showed that emotions change during face-washing actions. It was also
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suggested that the ease of creating foam during the phase of frothing up, the fineness of
foam during the phase of touching by hand, and the elasticity of foam during the
application of foam to the face may influence rewarding neural activity. These results
provide new insights into the psychological effects of tactile and visual information of
foams on the user, as well as the foam-creating process.
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