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Heat transfer, physiological responses,
and subjective perceptions during short contact
time with wood or other materials

Yuko Tsunetsugu'” and Masaki Sugiyama?

Abstract

This study investigates the physiological responses and subjective perceptions of touching wood. In particular, it
focuses on their respective relationships with the amount of heat transfer across the hand-material interface during
contact. The study participants included 55 university students (20 females and 35 males) who gave written informed
consent. The participants’'blood pressure, pulse rate, and cerebral blood hemoglobin concentrations were measured
continuously for 90 s while they gently held vertical bar-shaped specimens of Japanese cypress (Chamaecyparis
obtusa), Japanese oak (Quercus crispula), polyethylene, and aluminum. The specimens also included wood with a sur-
face coating. We measured subjective warmth and comfort as well as the heat flux between the palm and the surface
of the material. The wooden materials were rated as significantly warmer compared to aluminum and polyethylene,
regardless of the wood species (cypress or oak) or its coating; this result corresponds with smaller heat transfers in the
wooden materials. Additionally, the wooden materials were more comfortable to hold as compared to the aluminum

bar. Based on the changes in blood pressure, touching Japanese cypress and uncoated Japanese oak were inter-
preted to induce less physiological stress. Therefore, we can conclude that wood, with lower thermal conductivity,
feels warm, and it causes relatively smaller physiological changes compared to other materials with higher thermal
conductivity. Thus, they may present less physiological burdens when touched.
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Introduction

Wood is a common material. It is a major raw and finish-
ing material for furniture, flooring, handrails, and coun-
tertops. People have countless opportunities to come into
contact with wood in their everyday lives.

Previous studies have connected several physical
properties of wood to perceptions of warmth/cold-
ness, roughness/smoothness, and softness/hardness.
The perception of warmth/coldness has been reported
to be highly related to the thermal conductivity of the
touched material as well as the heat flow rate across the
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hand-material interface [1]. Subjective tactile rough-
ness was found to be affected by the deviation of the peak
heights of the surface roughness profile of wood, but
not the centerline mean roughness [2]. Perceived tactile
hardness is strongly related to physical hardness and is
modified by warmth and roughness perceptions [3]. Each
study demonstrated that the subjective sensations were
correlated with the logarithm of the respective physical
and thermal properties, which is in accordance with the
Weber—Fechner law.

The recent development of instruments has enabled a
more precise assessment of the physiological effects of
touching wooden materials. An early study investigated
changes in the blood pressure and pulse rate of 19 young
female participants when they touched sugi (Crypto-
meria japonica), hinoki (Chamaecyparis obtusa), silk,
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denim, stainless steel, and a vinyl bag containing cold
water at 6 ‘C [4]. Systolic blood pressure and pulse rate
showed a larger increase in response to stainless steel
and the bag filled with cold water than sugi, hinoki, and
silk. The smaller physiological changes were interpreted
as suggesting that wood and silk caused less stress to the
participants. Another study focused on the effect of the
material and temperature of the touched specimens [5].
In this study, 13 young male participants underwent 60-s
contact with sugi, hinoki, oak (Quercus crispula), acrylic
plastic, and aluminum at 20 C, and oak and acrylic plas-
tic at 5 °C. Sugi, hinoki, and oak induced a slight change
in systolic blood pressure, except for a transient increase
immediately after contact. Contact with the cooled
acrylic plastic plate significantly increased systolic blood
pressure, while the cooled oak plate did not. It was con-
cluded that touching wood caused less physiological
stress, regardless of the specimen’s temperature, com-
pared to the “artificial” materials.

A recent study measured changes in the brain and auto-
nomic nervous activities of 22 female university students
when they came in contact with hinoki and marble [6].
Contact with hinoki caused a larger decrease in regional
brain activity than did marble, as assessed using near-
infrared spectroscopy. Touching hinoki also increased
parasympathetic nervous activity while marble did not
cause a significant change. The same research group
investigated the effects of different surface coatings with
the same physiological measurements [7]. In this study,
18 female university students touched white oak panels
with five different surface finishes. The results showed
that an uncoated white oak panel decreased brain activ-
ity while the urethane-coated and mirror-finished (piano-
like) panels increased it. The parasympathetic nervous
activity showed a greater enhancement when participants
touched the uncoated wood than when they touched the
urethane and mirror-finished wood. These results were
explained to reveal that touching uncoated wood could
result in a “physiological relaxation effect”

In summary, previous physiological studies demon-
strated that contact with wood (hinoki, sugi, oak, and
white oak) may induce less physiological stress than
contact with steel, acrylic plastic, or marble, and thick
surface coatings may attenuate the results. However,
the factors that induce these differences are unclear,
as both the physical properties of touched materials
and psychological perceptions may affect physiologi-
cal responses. No study has investigated the differences
between hardwood and softwood or among respondents.
This information could prove very useful for designers
and suppliers of wooden interiors and products. There-
fore, we aimed to investigate the relationships between
heat transfer, subjective perceptions, and impressions
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Table 1 Specimen details

Notation  Species/material  Surface treatment

HU Japanese cypress  Sandpaper (P240) polishing

HC (hinoki) _ Sandpaper (P240) polishing + urethane
(Chamaecyparis coating?
obtusa)

ou Japanese oak Sandpaper (P150) polishing

0oC (mizunara) Sandpaper (P150) 4+ urethane coating?
(Quercus
crispula)

PE Polyethylene Sandpaper polishing

AL Aluminum Hairline finishing

@ Undercoat: US-40-P, topcoat: UF-15-70P (GEN GEN CORPORATION, Japan)

SRR

Fig. 1 Setting of the experiment

of touched materials, and male and female respondents’
physiological changes when touching different materials,
including hardwood and softwood.

Materials and methods

Specimens

Six bar-shaped materials (d=32 mm, L =400 mm) were
prepared (Table 1). Each specimen was presented to the
participants as a vertical grab bar using a mockup set-
ting of a wall and armrest (Fig. 1). The round-bar shape
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of the specimens was chosen based on a preliminary
investigation in which we compared flat-board- and
round-bar-shaped specimens. Our results revealed that a
round-bar-shaped specimen showed a larger contact area
between the hand (fingers and palm) and the material
than those of flat-board-shaped specimens, and without
applying the force needed to stretch the fingers for full
hand contact in flat-board-shaped specimens. Therefore,
the rounded-bar-shaped specimen minimizes the indi-
vidual differences in the contact area between the hand
and the materials. Additionally, we confirmed a more sta-
ble measurement of the heat flux between the hand and
the material for the round-bar-shaped specimen.

A commercially available grab bar (d=32 mm) that
was made of an aluminum alloy pipe core covered with
silicone elastomer was prepared for a practice session. All
specimens were kept in a room controlled at 24 °C and
50% RH throughout the experimental period. The sur-
face temperature of the specimens was measured at the
beginning of each experimental day.

Participants

The experiment was conducted with 18 male partici-
pants in November 2015, 20 female participants in July
2016, and 17 male participants in July and August 2017.
In total, 20 females (22.14+1.96 years old) and 35 males
(22.0£1.74 years old) participated in the study. Before
proceeding with the measurements, we informed the
participants about the aim and procedure of the experi-
ment and obtained their written informed consent. This
study was approved by the Ethical Review Committee
of the Forestry and Forest Products Research Institute,
Japan.

Measurements and procedure

The measurements were conducted individually in an
artificial climate chamber controlled at 24 °C and 50%
RH. First, the participants sat comfortably on a chair with
their eyes closed and their right arm placed on the arm-
rest. The surface temperature of the palm was measured
using an infrared thermometer. After 60 s, they were
instructed to move their right arm forward and hold the
presented bar (specimen) while keeping their eyes closed.
After 90 s, the experimenter instructed the participants
to return their right arm to the original position, cov-
ered the specimen with a cloth, and then instructed the
participants to open their eyes. The participants’ blood
pressure, pulse rate, and hemoglobin concentration of
the right and left prefrontal areas were measured con-
tinuously every second during the rest period (60 s) and
tactile (90 s) session. After opening their eyes, the par-
ticipants were told to rate their tactile perceptions and
impressions of the bar using visual analog scale (VAS).
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The rating was performed without showing the target
material to the participants by covering it with a cloth,
as mentioned above. This procedure was repeated seven
times, including a practice session.

The physiological indices were selected based on previ-
ous studies [4—6]. The participants wore a cuff on their
left middle fingers to measure systolic blood pressure
(SBP), diastolic blood pressure (DBP), and pulse rate (PR)
(Finometer PRO, Finapres Medical Systems, the Neth-
erlands). Changes in brain activity were monitored by
measuring the cerebral oxygenated and deoxygenated
hemoglobin concentrations (OXY and DEOXY) every
second from above the forehead using a 2-channel near-
infrared spectroscopy (NIRS) system (NIRO-200, Hama-
matsu Photonics K.K., Japan). The subjective ratings
using the VAS consisted of 12 items, of which 2 (warm/
cold and comfortable/uncomfortable) were analyzed in
this study.

Because we wused round-bar-shaped specimens,
detailed instructions were given regarding how to hold
the bars prior to the measurement. The participants were
instructed not to touch or firmly grasp, but naturally hold
the bars by using their entire hand for 90 s without mov-
ing the hand. All participants practiced the procedure
with the commercially available bar first and then experi-
enced the six grab bars in randomized order.

The heat flux between the hand and the specimens was
measured in the 17 males who participated in the study in
2017. This measurement was conducted separately after
the abovementioned physiological measurement, with an
interval of more than 2 h. Each participant touched the
six grab bars in the same way as in the physiological ses-
sion, but with their eyes open. A heat flow sensor (22013,
HIOKI E.E. CORPORATION Japan, sensor dimension:
10 mm * 31.6 mm * 0.25 mm thickness) was attached to
the surface of each bar with double-sided tape, which has
low thermal conductivity. We instructed the participants
to place their hands where the sensor touched the base
region of the fingers (palmar monticuli). The heat flux
was measured at a rate of 100 Hz while the participants
grabbed each bar over the sensor for 90 s.

Data analysis

Regarding the physiological indices (SBP, DBP, PR, OXY,
and DEOXY), the average value for over 30 s before
touching each bar was considered the baseline, and it was
subtracted from the data during the tactile period to cal-
culate the relative changes. Thereafter, the average values
were calculated for every second to examine the time-
course change. Since the changes in hemoglobin concen-
trations determined in the left and right prefrontal areas
showed similar time-course changes, the data on the left
side will be reported hereafter.
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To examine the effects of material and gender on the
physiological indices, we calculated the average of the
relative changes in the physiological indices for over
90 s during the tactile period. Since all the physiologi-
cal indices exhibited significant changes during the first
30 s of contact, the mean, maximum, and minimum val-
ues for this period were also calculated and included in
the statistical analysis. The subjective VAS ratings were
converted to scores ranging from —5 to+5, setting the
neutral point to 0. A two-way ANOVA with material (six
levels) and gender (two levels) as the main factors was
conducted. Using a paired t-test or Wilcoxon signed-rank
test with Holm correction, multiple comparisons were
performed when the main effect was significant.

The heat flux data was not obtained from one of the 17
participants because of a technical problem. We calcu-
lated the amount of heat transfer (kJ/m?) by integrating
the heat flux for the 90 s of contact. The average of the
total amount of heat transfer for each material was com-
pared using one-way repeated ANOVA and post hoc test
using the Holm correction.

To explore the relationships among the heat transfer,
subjective ratings, and physiological responses, the cor-
relations between the following parameters were investi-
gated: the amount of heat transfer; scores for comfortable
and warm feelings, mean, maximum, and minimum val-
ues of the physiological indices during the first 30 s of
contact with the bars. The amount of heat transfer for the
participants who were not involved in the actual meas-
urement of heat flux was estimated as follows: first, the
regression equations between the heat transfer and tem-
perature difference between the palm and the specimens
were computed for each material setting the y-intercept
to 0 using the measured data of 16 participants. Thereaf-
ter, the heat transfer for each participant was calculated
by interpolating the temperature differences into the
regression equations.

All statistical analyses were performed using the
IBM SPSS Statistics 25 software (IBM Corp. Armonk,
USA), and a p-value<0.05 was considered statistically
significant.

Results

Surface temperature of the specimens and the amount

of heat transfer at the interface between the palm

and the grab bars

The surface temperature of the specimens, meas-
ured at the beginning of each experimental day, were
24.240.708 C (HU), 24.1+0.683 C (HC), 24.2 +0.669
C (OU), 24.1+0.636 °C (OC), 24.0+0.638 °C (PE), and
24.4£0.699 °C (AL) (mean=£SD). No significant differ-
ences in the surface temperature of the six materials were
observed.
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The material factor was significant (p<0.01) for the
amount of heat transfer. The amount of heat transfer
when touching AL was larger compared to when touch-
ing any other material. Moreover, that of PE was larger
than that of any of the wooden materials. In addition, the
amount of heat transfer when touching OU and OC was
larger than when touching HU and HC, irrespective of
the surface coating (Fig. 2).

Time-course changes in blood pressure, pulse rate,
and hemoglobin concentration in the prefrontal area
The changes in SBP, DBP, and PR over time for the six
tested materials were similar (Figs. 3 and 4). When the
participants touched the materials (at 0 s in the graphs),
their SBP and DBP rapidly rose, dropped, and then
increased significantly over time. SBP showed higher
maximum and minimum values compared to DBP. Addi-
tionally, PR showed a rapid increase and subsequent
decrease; however, unlike blood pressure, it remained
lower than the baseline value.

Both OXY and DEOXY showed a very steep decrease
upon contact, and only OXY recovered later (Fig. 5).

Influence of material and gender on physiological
responses

The main effect of material was significant for the mean
and the minimum SBP of the first 30 s after touching the
materials (p<0.05 for both). The post hoc test revealed
that the mean SBP during this period was higher in AL
than in HU, and the minimum value was higher in AL
than in HU, HC, and OU (Fig. 6a and b). The main effects
of material and gender were significant to the maximum
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HU HC OU OC PE AL

Fig. 2 The amount of heat flow during a contact between the
specimens and the palm. N=16, mean £ SEM, T: p <0.01 comparing
to AL, §: p<0.01 comparing to PE, **: p<0.01. HU: Japanese

cypress (uncoated), HC: Japanese cypress (coated), OU: Japanese
oak (uncoated), OC: Japanese oak (coated), PE: polyethylene, AL:
aluminum

Amount of heat transfer (KJ/m?)
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PR during the first 30 s (p <0.05 for both). The maximum
PR was significantly higher in PE than in AL, and the
female participants exhibited a significantly lower maxi-
mum PR compared to the male participants (Fig. 6c).
No significant effect of material, gender, or interaction
between material and gender was found for the other
parameters examined.

Subjective ratings
The material factor was significant (p<0.01) for
the impression of “warmth” AL was found to be

significantly colder than any other material, and PE
was colder compared to any of the wooden materials.
HU was evaluated to be significantly warmer than OU
and OC. The gender factor and the interaction between
material and gender were not significant (Fig. 7a).

As for the impression of “comfort,” the main effect of
the material was significant (»p<0.01). AL was evalu-
ated to be significantly less comfortable compared to
the other materials, except for OU. The main effect
of gender was also significant (p<0.05): the female
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participants rated the materials significantly more com-
fortable compared to the male participants (Fig. 7b).

Correlations between heat transfer, subjective perceptions,
and physiological responses

Table 2 summarizes the correlation coefficients between
the amount of heat transfer, subjective warm and com-
fortable perceptions, mean, maximum, and minimum
values of blood pressure and pulse rate for the first 30 s
of contact. The amount of heat transfer was significantly
correlated with comfortable and warm feelings as well as
the mean and minimum SBP, and the mean of DBP. The

perceptions of warmth and comfort showed a significant
positive correlation with each other, and both feelings
had negative correlations with the mean or minimum
SBP, DBP, and PR. OXY and DEOXY showed no signifi-
cant correlations with heat transfer and subjective per-
ceptions; thus, they are not included in the table.

Correlations among the physiological indices

Table 3 summarizes the correlation coefficients among
the mean of each physiological index over the first 30 s of
contact. SBP, DBP, and PR exhibited significant positive
correlations with each other, with a weaker correlation
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Fig. 5 Temporal changes of cerebral oxy- and deoxy-hemoglobin concentrations when touching six different materials determined every second.
N=55, HU: Japanese cypress (uncoated), HC: Japanese cypress (coated), OU: Japanese oak (uncoated), OC: Japanese oak (coated), PE: polyethylene,
AL: aluminum

between blood pressure and PR than between the two
blood pressure indices. Additionally, the means of OXY-
and DEOXY were positively correlated with SBP and
DBP. DEOXY showed a positive correlation with the PR,
whereas it exhibited no correlation with OXY.

Discussion

We investigated the physiological and psychologi-
cal responses to touching wood and other materials in
young male and female participants to compare wood/

non-wood, hardwood/softwood, and coated/uncoated
wood. We compared the relationships between heat
transfer, psychological responses, and physiological
changes, as well as the potential differences between
the male and female respondents. Through a prelimi-
nary investigation, a round-shaped bar was chosen as
specimen to ensure that the entire hand was in contact
with the material. Consequently, the participants were
instructed to hold the specimens instead of only touching
them, as in previous studies.
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Fig. 6 Changes in SBP and PR of the female and the male
participants during 30 s after touching six different materials. a Mean
of SBP, b minimum of SBP, ¢ maximum of PR, N=20 (female), 35
(male), Mean &= SEM, *: p < 0.05. HU: Japanese cypress (uncoated),
HC: Japanese cypress (coated), OU: Japanese oak (uncoated), OC:
Japanese oak (coated), PE: polyethylene, AL: aluminum

The overall trend in changes in physiological indices
over time was similar among the six materials. Blood
pressure and pulse rate exhibited an initial increase and
a subsequent decrease, and then the blood pressure
gradually recovered or increased whereas the pulse rate
remained below the baseline. Increased blood pressure
and decreased pulse rate induced by local or whole-body
cooling have been well documented by various previous
studies, including those related to the so-called hunt-
ing reaction [8]. One study reported that immersing a
hand in water at 5 °C increased the systolic blood pres-
sure by 10-15 mmHg, and it caused an initial increase

a. Warmth

5 [—Female C—IMale —@—Mean
§ § 8 8
L

VAS Score
cold & - warm
o

-5
2 b. Comfort %%
S I I
kS female > male* —
5
St
o 0
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22 ' '
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> g 1 ]
“(2 5 *%
g -
g HU HC ou ocC PE AL

Fig. 7 Scores of “warm-cold”and ‘comfortable-uncomfortable”
perceptions of the female and the male participants when touching
six different materials. a Warm-cold, b comfortable-uncomfortable,
N=20 (female), 35 (male), mean &= SEM, t: p<0.01 comparing to

AL, §:p<0.01 comparing to PE, *: p<0.05, **: p<0.01. HU: Japanese
cypress (uncoated), HC: Japanese cypress (coated), OU: Japanese
oak (uncoated), OC: Japanese oak (coated), PE: polyethylene, AL:
aluminum

and a subsequent decrease in heart rate within 2 min
in male and female participants [9]. These results were
supported by various studies that demonstrated time-
dependent blood pressure and heart rate changes dur-
ing hand immersion in water at 5 °C or 2 °C [10, 11]. As
previously explained, we assume that the initial rise in
blood pressure and pulse rate upon contact in this study
could be attributed to a sympathetic activation triggered
by the cold sensation owing to the temperature difference
between the palm (approximately 37 °C) and the grab
bars (approximately 25 °C) [11, 12]. The subsequent drop
in the pulse rate may be mainly caused by baroreflex to
compensate for the rise in blood pressure [13], although
other factors such as a parallel activation of both sympa-
thetic and parasympathetic nervous systems may also be
responsible [12].

The simultaneous decrease in oxy- and deoxy-hemo-
globin concentrations upon contact in this study can
be because of the decrease in the blood volume in the
measured area [14]. Cerebral blood flow is maintained
via autoregulation, which is a process for maintaining
adequate and stable blood flow while arterial pressure
changes [15]. A recent study suggested that cerebral
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Table 2 Correlation coefficients between the heat transfer, VAS scores, blood pressure, and pulse rate
Warmth Comfort SBP DBP PR
Mean Max Min Mean Max Min Mean Max Min
Heat transfer —0.69%* —0.26%* 0.13* 0.08 0.14* 0.12% 0.04 0.08 —0.04 —0.07 —0.02
Warmth 0.27%* —0.18** —0.10 —0.21% —0.12% —0.08 —0.14%* 0.07 0.10 0.01
Comfort —0.14* —0.05 —0.14* —0.07 —0.02 —0.13* 0.06 0.02 0.12%

N=323-330, *: p<0.05, **: p<0.01, SBP: systolic blood pressure, DBP: diastolic blood pressure, PR: pulse rate, mean, max, and min: the mean, maximum, and

minimum during the first 30 s of contact

Table 3 Correlation coefficients among the means of blood
pressure, pulse rate, and hemoglobin concentrations

DBP PR OXY DEOXY
SBP 0.59** 0.15** 0.20** 0.15%*
DBP 0.26** 0.12%* 0.16**
PR 0.08 0.19%*
OXY 0.00

N=330, **: p<0.01, SBP: systolic blood pressure, DBP: diastolic blood pressure,
PR: pulse rate,

OXY: oxy-hemoglobin concentration, DEOXY: deoxy-hemoglobin concentration,
mean: the mean during the first 30 s of contact

autoregulation is achieved up to 62% by three different
physiological mechanisms, that is, sympathetic, cho-
linergic (parasympathetic), and myogenic components
combined. Generally, neurogenic (sympathetic and par-
asympathetic) components cause vasoconstriction in
counteracting a rise in arterial pressure. In addition, cer-
ebral autoregulation has been reported to be effective for
a slower change in blood pressure (>30 s), whereas it is
less so during faster changes [16, 17]. Based on the pre-
vious findings, the changes in cerebral blood flow in this
study may be explained as follows: the fastest parasympa-
thetic and the subsequent sympathetic reflexes counter-
acted the fast increase in blood pressure, thus resulting
in vasoconstriction that was reflected in the decreased
oxy- and deoxy-hemoglobin signals of the NIRS. The fol-
lowing increase in oxy-hemoglobin concentration can
be attributed to autoregulation becoming effective in a
delayed manner.

Although speculative, the above interpretations of the
physiological mechanism underlying the time-course
responses are partly supported by the correlation analy-
sis. We demonstrated that the heat transfer and the sub-
jective warmth exhibited a significant correlation with
blood pressure, but not with the pulse rate and brain
hemoglobin concentrations. On the other hand, the pulse
rate and brain hemoglobin concentrations significantly
correlated with blood pressure. These relations support
the interpretation that emphasizes the effect of physio-
logical reflex responses on changes of the blood pressure,

pulse rate and brain blood flow. The relation to perceived
comfort was not negligible in blood pressure and pulse
rate but it was less dominant in the brain blood flow in
the results in this study.

The smaller change in SBP during the first 30 s when
contacting coated and uncoated Japanese cypress and
uncoated Japanese oak indicates that physiological stress
was smaller when touching these materials. The lower
minimum SBP in these three materials may be attributed
to the relatively smaller increase in SBP by the contact
(the lower maximum SBP), which also indicates lower
physiological stress. On the other hand, the lowest maxi-
mum PR in aluminum can be a result of the physiological
reflex to a larger increase in SBP and DBP when touching
this material. To summarize, the changes in blood pres-
sure and pulse rate simultaneously suggest that touching
the wood, particularly Japanese cypress or uncoated Japa-
nese oak induces less physiological stress than touching
aluminum.

In the subjective ratings, wooden materials were rated
to be significantly warmer compared to the non-wood
materials, that is, aluminum and polyethylene, regardless
of the species or surface coating, which corresponds to
a smaller amount of heat transfer in the wooden mate-
rials. Moreover, the subjective comfort perception was
generally higher when touching the wooden materials
than when touching aluminum, except that the differ-
ence did not reach statistical significance in the case of
the uncoated Japanese oak (p=0.074). Compared to alu-
minum, polyethylene was evaluated to be more comfort-
able and almost as comfortable as the wooden specimens.
The correlation analysis suggests that although perceived
comfort partly relates to the amount of heat transfer or
perceived warmth, it might be influenced by other fac-
tors. Such factors may include naturalness, smoothness,
and dryness of the surface as suggested by previous stud-
ies [18, 19].

In this study, the effect of species on the amount of
heat transfer was significant. This can be attributed to the
lower thermal conductivity of the Japanese cypress than
that of the Japanese oak, as heat flux is known to corre-
late with thermal conductivity positively [20], which is
related to the density of wood [21]. Conversely, the effect
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of surface coating on the heat transfer was not signifi-
cant. This may be because the layer thickness of the coat-
ing employed in this study was thin enough to neglect
compared to the diameter of the grab bars. Therefore,
the thermal properties of the coated specimens can be
considered to be equal to that of the wood. Although not
evident in the heat transfer, the surface coating slightly
influenced the subjective ratings of both species. The
perceived warmth of the unpainted Japanese cypress was
rated highest, and only the unpainted cypress showed
significant differences between the hardwood specimens.
The coated oak was evaluated to be significantly more
comfortable compared to the non-wooden bars, whereas
the uncoated oak was not. These perceptions may be
affected by thermal or other properties arising from the
presence or absence of surface coating, which are not
reflected in the amount of heat transfer.

The difference between the female and the male par-
ticipants was significant in the score of subjective com-
fort and the maximum pulse rate: female participants
generally gave higher comfort scores to all the materi-
als and exhibited lower maximum pulse rate. Although
not statistically significant, the p-values were relatively
small in some of the hemoglobin indices. Therefore, gen-
der differences in both physiological and psychological
responses need to be carefully investigated in further
studies, considering the fact that gender differences have
been reported in both thermal perception [22, 23] and
thermoregulation [24].

This study demonstrated that even a mild local cold
could cause similar, although smaller, physiological
changes that were previously shown by more severe cold
exposures. Part of the physiological mechanisms under-
lying the observed response was speculated based on
the correlation analysis among the physiological indices.
However, as the correlation coefficients we obtained were
relatively small, further investigations are required to
understand the interactions among different physiologi-
cal functions entirely. There should be other factors that
affect physiological changes, including individual differ-
ences at various levels. More precise investigations with
other related physiological indices such as peripheral
(finger) blood flow and temperature, cardiac output, or
sympathetic and parasympathetic nervous activities are
needed.

The number of participants in this study was rela-
tively larger than previous studies that dealt with
physiological responses to various sensory simulations
originating from wood. However, it still may not be suf-
ficient to fully discuss the influence of gender and other
individual differences. Since the development of meas-
urement devices is rapidly progressing, physiological
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experiments may become more accessible and easier to
implement in the future. Further studies can attempt to
accumulate physiological and psychological data with
a group of larger sample sizes and scrutinize the influ-
ence of gender, age, and other factors more precisely.

Conclusions

This study investigated the physiological responses,
subjective perceptions, and magnitude of heat transfer
during a short period of contact with wood and other
materials in young participants. The heat transfer dur-
ing the 90-s of contact was significantly lower with
wood than with the non-wooden materials, such as alu-
minum and polyethylene. The warmth perception was
generally higher in the wooden materials than in the
non-wooden materials, and the perceived comfort was
higher with the wooden materials than with the alu-
minum. The female participants generally gave higher
comfort scores compared to the male participants.

We demonstrated that touching wood, i.e., Japanese
cypress (both coated and uncoated) and Japanese oak
(without surface coating) induced lower physiologi-
cal stress compared to touching aluminum. This could
be because of the smaller heat transfer resulting from
lower thermal conductivity. This might be of impor-
tance when considering a long-term effect in cases
such as touching handrails in cold hallways in daily life
or stepping down from the bed and touching the cold
floor with bare feet every morning.
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