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Abstract 

Taiwania (Taiwania cryptomerioides) is a valuable raw material in the wood products industry in Taiwan. An empiri‑
cal study of the physiological and psychological effects of smelling Taiwania contributes to an understanding of the 
properties of interior wood that could potentially promote the use of wood materials in a healthy living environment. 
Prior studies have indicated that pre‑knowledge of odors can cause cognitive bias and different responses in subjects. 
Designed to disclose the therapeutic effects of Taiwania’s scent and its extension to environmental health promotions, 
this study aimed to (1) investigate its effects on human health responses by stimulating olfaction, and (2) explore the 
role of cognitive bias in exposure to the scent of Taiwania. The results showed Taiwania’s volatiles had a relaxation 
effect in reducing the heart rates of participants. Some negative mood states, such as confusion, fatigue, and depres‑
sion were suppressed. Regarding sensory perceptions, participants reported Taiwania’s scent induced greater affective 
scores of stimulation, excitement, firmness, distinctiveness, activity, and denseness, but a lower feeling of pleasant‑
ness. There were significant effects of positive cognitive bias on reducing the anger‑hostility feeling of participants, 
but no effects on physiological responses. Moreover, the positive information bias alleviated the unpleasantness 
toward the smell.
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Introduction
Wood construction materials have been employed since 
ancient times [1] and continually utilized until now as a 
bio-based construction material [2] especially in mod-
ern building that sustainable construction materials have 
been promoting [3]. At the same time, empirical stud-
ies have demonstrated that sensory contact with natu-
ral wood and wooden materials induces physiological 

relaxation in human [4]. The non-visual senses are possi-
ble pathways for these beneficial effects [5]. Even though 
smell, in humans, is not as acute as other senses [5], it is 
crucial for perceiving environmental conditions. Gener-
ally, odors are ubiquitous, but vary from place to place 
(i.e., urban and natural environments) and can affect 
our sense of well-being [5]. Odors indoors can affect 
residents’ comfort and health [6]. Further Matsubara and 
Kawai [1] have shown that volatile organic compounds 
(VOCs) emitted from Japanese cedar walls suppress the 
activation of sympathetic nervous activity, which would 
help a person to remain physiologically relaxed even in 
a stressful situation, resulting in that person experienc-
ing a pleasant feeling in such an indoor environment. 
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Additionally, wooden interior materials from Japanese 
cedar have the capability to prevent mental health distur-
bances and to support an optimum living environment 
[1]. Therefore, wood odor experienced by humans every 
day whether from a forest, wooden furniture, building 
material or products of daily use is commonly acknowl-
edged as natural, pleasant and harmonizing connected 
with a positive effect on human health [7].

In a nature setting, green plants release oxygen  (O2), 
as well as VOCs, or volatiles, which are the secondary 
metabolic products emitted into an atmosphere from 
aerial plant parts such as leaves, flowers, and buds [8]. In 
an indoor environment where the aforementioned wood 
exists as a building material or furniture, plant volatiles 
can be released from the wood tissues. Additionally, the 
aromatic essences or essential oils extracted from plants 
can be sources of volatiles that are utilized in creating an 
aromatherapy environment [9, 10]. Typically, essential 
oils are the products obtained from distillation of plant 
tissue and can still maintain the characteristic scent of 
the original plant material [5]. Moreover, using essential 
oils in creating an aromatherapy environment is an easy, 
non-invasive, and natural technique for olfactory stimu-
lation [11]. A number of empirical studies have utilized 
essential oils from various plant species, such as Japa-
nese cypress [12], rose [13], Hiba [14], rosemary [15], and 
Siberian fir tree [16] in olfactory stimulation. The usage 
of essential oils as a means to promote human well-
being has been a practice since ancient times, however, 
studies are limited of its therapeutic efficacy [17]. Scien-
tific knowledge of the effect wooden olfactory stimula-
tion has on humans has only recently been explored [4]. 
Therefore, in order to create a healthy indoor environ-
ment, particularly from an olfactory perspective, further 
research is needed to clarify human responses to wood-
derived materials.

In Taiwan, Taiwania (Taiwania cryptomerioides) is an 
endemic tree species that is important in the commer-
cial logging and plantation industries [18, 19]. Over the 
past few years the management of this species’ plantation 
has continuously been a priority because of the impor-
tance of its large-diameter logs to the wood industry 
[20]. This relict conifer species possesses the excellent 
characteristics of being anti-fungal, decay-resistant, and 
insect-resistant [21]. Also, Taiwania is regarded as one 
of the most precious building materials because of its 
excellent durability [22] and the unique yellowish-red 
color with purplish-pink streaks in its heartwood which 
offers a sense of good fortune in Taiwanese culture [19]. 
Recently the chemical composition of its essential oil was 
determined, with its major components being α-cadinol, 
ferruginol, and β-eudesmol, each of which exhibits the 
properties of being antimicrobial and resistant to decay 

resulting from fungal activity [23]. Especially, α-cadinol 
was the most abundant compound accounted for 16.74% 
of all constituents [19]. However, the effects on human 
physiology and psychology of volatiles emitted from its 
wood tissue or oil are not well understood. Further, an 
empirical study of the therapeutic effects on humans of 
smelling Taiwania will contribute to an understanding 
of the properties of interior wood, which, from a healthy 
living environment perspective, could potentially pro-
mote the use of wood materials in building construction 
and decoration. Therefore, elucidation of the physiologi-
cal and psychological health effects of Taiwania’ scent 
may contribute to the domestic forestry industry via an 
increase in the awareness of Taiwania’s health effects that 
could potentially increase demand from the public.

Prior studies have indicated that pre-knowledge of 
odors can cause cognitive bias and different responses 
in subjects. The concept of mindset has been integrated 
in olfactory stimulation studies and psychological bias 
has been proven to be a significant factor in the subjec-
tive evaluation of building materials odors [6]. More spe-
cifically, Yamanaka et al. [6] stated that people who were 
informed in advance of the name of a smell were more 
likely to feel strongly about that scent than people who 
were not informed. Thus, the responses to an odor can 
be modulated by influencing the expectations, attitudes, 
and beliefs of people about the odor [24]. Empirical stud-
ies have focused on the alteration effect of cognitive bias 
on human olfactory perception; for instance, De Araujo 
et  al. [25] reported that people felt significantly more 
pleasant when smelling clean air that was labeled as 
“cheddar cheese” as compared to the same air that was 
labeled as “body odor”. Nordin et  al. [26] learned that 
the same volatile substance (i.e., n-butanol) was rated as 
more unpleasant by a group of people who had read neg-
ative information about the substance than by another 
group who had read positive information. Further, the 
negative information group had a lower number of cor-
rect calculations in a given cognitive task than did the 
positive information group. This evidence provides sup-
port for the notion that pre-information about an odor 
affects the responses of people and results in biases in 
their odor evaluations that in turn influence their psy-
chological and physiological responses [6]. In the current 
study, we were concerned with the moderating role cog-
nitive bias may have in distorting the physiological and 
psychological responses to Taiwania’s scent, therefore the 
study design involved an information cue to control the 
typical sources of these biased responses.

Specifically, the aims of this study were to (1) investi-
gate the effects on human health responses of Taiwania’s 
volatiles by stimulating olfaction via Taiwania cryptome-
rioides stem oil, doing so specifically through the lens of 
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the scent as a characteristic of wood products, and (2) 
reveal the influence of cognitive bias in exposure to the 
scent of Taiwania stem oil on human health outcomes. 
The first research aim can contribute to the understand-
ing of therapeutic (i.e., physiological and psychological) 
effects of Taiwania’s scent. Meanwhile the second aim 
will benefit the extension of using woody smell or wood-
derived smells in environmental health promotions, 
especially in emotional well-being.

Materials and methods
Olfactory stimuli
Taiwania stem oil (experiment) and normal air (control) 
were implemented in this study as the sources of olfac-
tory stimulation. The essential oil was prepared by the 
Experimental Forest, National Taiwan University and was 
extracted via a steam distillation method over six hours 
with three repetitions. In order to deliver the same con-
centration and intensity of scent for each subject, the 
scented and odorless airs were administered using the 
process illustrated in Fig.  1. With slight modifications, 
the design of the device followed the best practices of Jo 
et al.’s study [27]. For each experiment, 10 µl of Taiwania 
stem oil were applied to a small piece of odorless tissue 
paper (5 × 5 cm) which was put into a polypropylene bag, 
which was then filled via an air pump with 12 L of normal 
odorless air. The stem oil was allowed to diffuse naturally 
within the bag for an hour before the experiment began. 
Additionally, in the experiment the concentration of vol-
atiles was assumed to be the same between subjects. The 
normal air was prepared the same way as the described 
process except there was no essential oil added.

Information cues as cognitive bias
In order to determine the influence of cognitive bias, 
we randomly assigned the participants into two groups, 
hinted (positive cue) and non-hinted (neutral cue). In the 
hinted group, expectations of positive benefits of forest 
VOCs were established in the participants by reading to 
them a short essay that disclosed scientific proof on the 
benefits of nature scents on human bodies. The essay 
included sentences such as, “nowadays, huge amount of 
studies has shown the benefits of natural environments 
on human health. Compared with urban environments, 
natural environments help people recover from fatigue 
and have more positive affect on human health” and 
“many studies have proved that smell of forest environ-
ments (such as phytocides released from trees) are ben-
eficial to our physical and mental health” (for the entire 
essay, please see Additional file 1). While we made sure 
that the hinted group was “hinted”, we did not provide 
the non-hinted group with any reading materials. In 
fact, at the beginning of the test when participants were 
informed of the steps of the experiment, the information 
cue was not mentioned beforehand to the non-hinted 
group in case the participants would become self-con-
scious, which would affect the outcomes.

Participants and experimental procedure
The experiment was conducted during January 2019 
between 8 am and 5 pm at the laboratory of the School 
of Forestry and Resource Conservation at National Tai-
wan University, where temperature and humidity were 
constant during the experiment at 20 °C and 60%, respec-
tively. A total of 40 healthy participants (16 male and 24 

Fig. 1 Olfactory simulation
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female) were voluntarily recruited using social media 
(i.e., Facebook). They were screened for tobacco use, 
asthma, symptoms of the common cold, and various 
breathing disorders. The day before the experiment par-
ticipants were advised to get enough sleep, roughly 7–8 h, 
abstain from drinking alcohol or coffee, and not wear 
any perfume, cologne, or deodorant while participating 
in the experiment. Participants were randomly divided 
into two groups: the hinted group (n = 22) and the non-
hinted group (n = 18). All participants were scheduled to 
attend the experiment individually and the experiment 
took approximately 30 min to complete (Fig. 2). On the 
day of the experiment the planned activities were briefly 
explained to all participants and informed consent was 
obtained according to the regulation and the ethical 
standards of the Research Ethics Committee of National 
Taiwan University (NTU). After explaining the entire 
process of the experiment to each participant, the physi-
ological measurement device was attached to each sub-
ject included three sensors on the chest and one sensor at 
the index finger of the left hand in order to measure heart 
rate (HR), systolic blood pressure (SBP), diastolic blood 
pressure (DBP), heart rate variability (HRV), and, while 
they were in a sitting position, an air-blowing device 
was fixed under each participant’s nose at a distance of 
about 15 cm. After the preparation period, each partici-
pant was presented with a constant speed of normal air 
at 4 L/min pumped from the prepared odorless air bag 
for 2 min. All participants were asked to close their eyes 
and breathe normally with a closed mouth so that physi-
ological responses could be measured during this time. 
Immediately afterwards, salivary alpha-amylase (sAA) 
was collected and questionnaires on semantic differential 
(SD) methods [27] and Profile of Mood States (POMS) 
were distributed and completed for the first measure-
ment period. The first measurement period was designed 
to establish baseline data for each subject. Next, within 
3 min of the intervention period, participants assigned to 
the non-hinted group were asked to rest in a seated posi-
tion and to be silent. On the other hand, the participants 

of the hinted group were fed a positive information 
bias via a short essay with references attached so as to 
increase the credibility of the given information. There-
after, in the first 2 min of the second measurement stage, 
the odor bag filled with Taiwania’s essential oil volatiles 
was administered to the participants along with the same 
physiological response measurements and questionnaires 
as the first measurement period. Throughout the entire 
process, no participants were ever informed whether the 
administered air was normal air or Taiwania’s oil vola-
tiles. However, one participant in the hinted group was 
excluded from analysis due to incomplete data of physi-
ological measurements. Therefore, there were 39 partici-
pants included in data analysis, with 21 subjects and 18 
subjects allocated to the hinted group and non-hinted 
group, respectively. The ages of participants ranged from 
20 to 56 years old, with an average of 28.5 years. Descrip-
tive analyses of the hinted and non-hinted groups are 
presented in Table 1. However, due to limited number of 
participants and the concerning of influences of age, gen-
der and women menstrual cycle, Levene’s test of equal-
ity of error variance was analyzed to clarify their impacts 
formally in baseline data from the first measurement. 
Levene’s homogeneity test revealed that the variance for 
all physiological responses were equal across gender and 
age groups except HF value that did not had homogene-
ous variance between male and female (p = 0.013). For 
POMS responses, Levene’s homogeneity test revealed 
that the variance for all responses were equal across gen-
der except in anger-hostility subscale (p = 0.011), whereas 
the variance among age groups were not equal in fatigue 
(p = 0.025), tension-anxiety (p = 0.031), and depression 
subscale (p = 0.019).

Measures
Physiological measurement
In order to estimate the physiological responses of par-
ticipants, QHRV (Medeia Ltd. Bulgaria) was used to col-
lect cardiovascular data such as HR, SBP, DBP, and HRV 
with a sampling rate of 200 Hz. HRV can be used as an 

Preparation First measurement Intervention Second measurement Wrap-up 

Introduction and 
Install devices 

HR 
SBP 
DBP 
HRV 

sAA 
SD 

POMS 

Hinted group:  
read the text 

Non-hinted group: 
rest 

HR 
SBP 
DBP 
HRV

sAA 
SD 

POMS 

Remove the 
physiological 

electrodes Exposure to 
normal air 

Exposure to 
Taiwania oil 

odor 

10 min 2 min 5 min 3 min 2 min 5 min 3 min 
Fig. 2 Experimental design
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indicator for the activity of the autonomic nervous sys-
tem, which includes sympathetic nervous system activity 
and parasympathetic nervous system activity. The power 
levels of low frequency (LF: 0.04–0.15 Hz) and high fre-
quency (HF: 0.15–0.4 Hz) were calculated using the max-
imum entropy method. HF is regarded as an indicator of 
parasympathetic nervous system activity, while LF/HF 
ratio represents sympathetic nervous system activity [28]. 
In general, reaction to stress, whether physical or psy-
chological, results in activation of sympathetic nervous 
system activity, which is associated with increased heart 
rate and blood pressure, along with suppression of para-
sympathetic nervous system activity [29]. Nipro Salivary 
Amylase Monitor (Nipro Corp, Japan) was used to detect 
the concentrations of amylase in the saliva of participants 
since the presence of amylase indicates a stress state [30].

Psychological measurement
Two questionnaires were administrated for evaluation 
of participants’ psychological responses to the olfactory 
stimuli. To assess the change in emotion before and after 
the exposure to the Taiwania stem oil scent, participants 
were asked to complete the POMS questionnaire to 
self-report their current mood state [31]. Each descrip-
tion was rated on 5-point Likert-type scale ranging from 
“not at all” to “extremely”. Further, the SD questionnaire 
was applied to investigate the impressions of partici-
pants based on their subjective perceptions of the odors 
[27]. Fifteen pairs of contradictory terms were used to 
describe the smells, including Artificial/Natural, Unre-
freshing/Refreshing, Non-woody/Woody and Bland/
Dense, and were rated by participants on a list of seven-
point scales (1–7).

Data analysis
All data were compiled, coded, and analyzed using SPSS 
Statistics 22 (IBM Corporation, NY, USA). The statis-
tical approach involved descriptive statistics, paired 
sample t-tests, and independent t-tests. Specifically, in 
response to the first research intention aiming to inves-
tigate the effects of Taiwania’s volatiles, paired sample 
t-tests were used to compare both the physiological and 
psychological response data of the essential oil vola-
tiles with those of the normal air. To answer the sec-
ond objective intending to explore the role of cognitive 
bias in odor exposure, independent sample t-tests were 
used to compare the changes in responses between the 
hinted group and the non-hinted group. p-values < 0.05 
were considered statistically significant.

Results
Effects of Taiwania oil volatiles and cognitive bias 
on human physiology
The means and standard deviations for physiologi-
cal responses of all subjects, the hinted group, and the 
non-hinted group are presented in Table 2.

The comparisons of Taiwania oil volatiles (experi-
ment) and normal air (control) on human physiological 
indicators are presented in Table 2. The results indicate 
that the mean heart rate of all participants decreased 
significantly (p < 0.05) from 81.08 to 79.51 Bpm after 
inhalation of Taiwania oil volatiles. However, significant 
differences were not observed for any other physiologi-
cal variables tested in all participants, the non-hinted 
group, or the hinted group.

Further comparisons regarding physiological changes 
between the hinted group and the non-hinted group 

Table 1 Description of participants’ profiles

Variable N (%) Hinted group (%) Non-hinted group (%)

Age group

 20–24 years 15 (38.5) 7 (33.3) 8 (44.4)

 25–29 years 13 (33.3) 8 (38.1) 5 (27.8)

 30–34 years 4 (10.3) 1 (4.8) 3 (16.7)

 > 35 years 7 (17.9) 5 (23.8) 2 (11.1)

Sex

 Male 16 (41.0) 9 (42.9) 7 (38.9)

 Female 23 (59.0) 12 (57.1) 11 (61.1)

Total participants 39 (100.0) 21 (100.0) 18 (100.0)
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were examined (Table 3). The results demonstrate that 
the effects of cognitive biases on human physiological 
indicators were not significantly different. The findings 
indicate that the alteration of physiological responses 
resulting from the hinted intervention were similar to 
the responses caused by the non-hinted intervention.

Effects of Taiwania oil volatiles and cognitive biases 
on emotional state
The effects of Taiwania oil volatiles on emotional state 
indicators in all subjects, the hinted group, and the 
non-hinted group are presented in Table 4.

Table 2 Results of physiological responses in all subjects, and both subgroups of interventions

HR heart rate, SBP systolic blood pressure, DBP diastolic blood pressure, LF low-frequency power of heart rate variability, HF high-frequency power of heart rate 
variability, sAA salivary alpha-amylase

*p < 0.05

Normal air (mean ± SD) Taiwania oil volatiles 
(mean ± SD)

t p

All subjects (n = 39)

 HR (Bpm) 81.08 ± 10.63 79.51 ± 11.17 2.170 0.036*

 SBP (mmHg) 99.18 ± 9.72 99.16 ± 9.75 0.029 0.977

 DBP (mmHg) 73.08 ± 7.12 73.03 ± 7.14 0.172 0.865

 LF/HF 1.34 ± 0.62 1.32 ± 0.70 0.255 0.800

 HF  (ms2) 181.66 ± 97.64 204.97 ± 161.97 − 1.090 0.283

 sAA (kIU/L) 16.87 ± 9.56 15.72 ± 8.77 0.759 0.453

Hinted group (n = 21)

 HR (Bpm) 82.29 ± 8.85 79.95 ± 9.11 2.020 0.057

 SBP (mmHg) 99.39 ± 7.81 99.43 ± 7.66 − 0.028 0.978

 DBP (mmHg) 71.70 ± 5.15 71.85 ± 4.90 − 0.307 0.762

 LF/HF 1.48 ± 0.734 1.36 ± 0.71 0.961 0.348

 HF  (ms2) 173.86 ± 105.35 189.30 ± 125.48 − 0.601 0.555

 sAA (kIU/L) 17.33 ± 9.97 18.57 ± 8.80 − 0.827 0.418

Non‑hinted group (n = 18)

 HR (Bpm) 79.67 ± 12.52 79.00 ± 13.43 0.864 0.399

 SBP (mmHg) 98.93 ± 11.80 98.85 ± 11.97 0.134 0.895

 DBP (mmHg) 74.70 ± 8.76 74.40 ± 9.05 0.609 0.550

 LF/HF 1.18 ± 0.42 1.27 ± 0.71 − 0.642 0.530

 HF  (ms2) 190.75 ± 89.96 223.25 ± 198.64 − 0.901 0.380

 sAA (kIU/L) 16.33 ± 9.31 12.39 ± 7.69 1.463 0.162

Table 3 Results of physiological response changes between both subgroups of interventions

Δ = posttest − pretest

Physiological changes Group N Mean ± SD Change (%) t p

△HR (Bpm) Non‑hinted 18 − 0.67 ± 3.27 − 0.84 1.158 0.254

Hinted 21 − 2.33 ± 5.29 − 2.88

△SBP (mmHg) Non‑hinted 18 − 0.084 ± 2.67 − 0.08 − 0.086 0.932

Hinted 21 0.034 ± 5.66 0.04

△DBP (mmHg) Non‑hinted 18 − 0.30 ± 2.07 − 0.40 − 0.648 0.521

Hinted 21 0.15 ± 2.19 0.21

△LF/HF Non‑hinted 18 0.08 ± 0.59 7.63 1.123 0.269

Hinted 21 − 0.12 ± 0.58 − 8.11

△HF  (ms2) Non‑hinted 18 32.49 ± 152.99 17.04 0.393 0.696

Hinted 21 15.44 ± 117.69 8.88

△sAA (kIU/L) Non‑hinted 18 − 3.94 ± 11.44 − 24.13 − 1.744 0.089

Hinted 21 1.24 ± 6.86 7.16
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Across all participants emotional state indicators 
decreased (improved) when smelling Taiwania vola-
tiles. Changes reached significance for the indicators of 
confusion (p < 0.001), fatigue (p < 0.001), and depression 
(p < 0.01). The mean score for these negative mood sub-
scales indicates significant decreases after exposure to 
the scent of Taiwania essential oil.

In the hinted group, there were significant differences 
in confusion (p < 0.05), fatigue (p < 0.05), anger-hostil-
ity (p < 0.01), tension-anxiety (p < 0.05), and depression 
(p < 0.01). For the non-hinted group, the significant dif-
ferences were found for confusion (p < 0.05) and fatigue 
(p < 0.05). These negative mood subscales for both sub-
groups also revealed a lower score after exposure to the 
scent of Taiwania essential oil.

Comparisons regarding mood state changes between 
the hinted group and the non-hinted group were exam-
ined (Table 5). The only significant difference after inha-
lation of Taiwania oil volatiles between the hinted group 
and the non-hinted group was observed in the anger-
hostility subscale. The hinted group had an anger-hostil-
ity level that was 83% lower after inhaling Taiwania odor, 
whereas the non-hinted group had an anger-hostility 
level that was 80% higher.

Effects of Taiwania oil volatiles and cognitive bias 
on subjective perceptions
Figure  3 illustrates and compares the subjective feel-
ings of participants after having breathed the normal 
air and Taiwania oil volatiles. After inhalation of the 
Taiwania essential oil, all participants rated levels sig-
nificantly higher in 6 out of 15 groups of adjectives as 

Table 4 Results of POMS responses in all subjects and the both 
exposure groups

*p < 0.05, **p < 0.01, ***p < 0.001

Normal air 
(mean ± SD)

Taiwania 
oil volatiles 
(mean ± SD)

t p

All subjects (n = 39)

 Confusion 0.91 ± 0.76 0.58 ± 0.62 3.974 < 0.001***

 Vigor 1.37 ± 0.89 1.17 ± 0.99 1.928 0.061

 Fatigue 0.81 ± 0.91 0.49 ± 0.70 3.610 0.001***

 Anger‑hos‑
tility

0.14 ± 0.19 0.10 ± 0.25 0.884 0.382

 Tension‑
anxiety

0.58 ± 0.75 0.42 ± 0.64 1.826 0.076

 Depression 0.30 ± 0.50 0.17 ± 0.35 3.401 0.002**

Hinted group (n = 21)

 Confusion 0.86 ± 0.68 0.55 ± 0.59 3.016 0.007**

 Vigor 1.52 ± 0.88 1.39 ± 1.01 1.041 0.310

 Fatigue 0.83 ± 0.88 0.48 ± 0.53 2.469 0.023*

 Anger‑hos‑
tility

0.18 ± 0.20 0.03 ± 0.10 3.167 0.005**

 Tension‑
anxiety

0.55 ± 0.70 0.31 ± 0.63 2.308 0.032*

 Depression 0.28 ± 0.49 0.12 ± 0.34 2.941 0.008**

Non‑hinted group (n = 18)

 Confusion 0.98 ± 0.87 0.61 ± 0.66 2.597 0.019*

 Vigor 1.19 ± 0.89 0.91 ± 0.92 1.637 0.120

 Fatigue 0.79 ± 0.97 0.51 ± 0.88 2.858 0.011*

 Anger‑hos‑
tility

0.10 ± 0.16 0.18 ± 0.35 − 1.064 0.302

 Tension‑
anxiety

0.61 ± 0.82 0.54 ± 0.65 0.487 0.633

 Depression 0.32 ± 0.52 0.22 ± 0.37 1.784 0.092

Table 5 Results of psychological response changes between two groups of interventions

Δ = posttest − pretest; **p < 0.01

Psychological changes Group N Mean ± SD Change (%) t p

△Confusion Non‑hinted 18 − 0.37 ± 0.60 − 37.76 − 0.364 0.718

Hinted 21 − 0.30 ± 0.46 − 36.05

△Vigor Non‑hinted 18 − 0.28 ± 0.72 − 23.53 − 0.670 0.507

Hinted 21 − 0.14 ± 0.60 − 8.55

△Fatigue Non‑hinted 18 − 0.28 ± 0.41 − 35.44 0.418 0.679

Hinted 21 − 0.35 ± 0.65 − 42.17

△Anger‑hostility Non‑hinted 18 0.08 ± 0.32 80.00 2.627 0.012**

Hinted 21 − 0.14 ± 0.21 − 83.33

△Tension‑anxiety Non‑hinted 18 − 0.07 ± 0.64 − 11.48 0.924 0.362

Hinted 21 − 0.24 ± 0.47 − 43.64

△Depression Non‑hinted 18 − 0.10 ± 0.23 − 31.25 0.744 0.462

Hinted 21 − 0.16 ± 0.24 − 57.17
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compared to after normal air inhalation. These groups 
included “unstimulating–stimulating” (p < 0.001), “unex-
citing–exciting” (p < 0.01), “soft–firm” (p < 0.001), “ordi-
nary–distinctive” (p < 0.001), “passive–active” (p < 0.001), 
and “bland–dense” (p < 0.001). Additionally, participants 
rated scores significantly lower for “unpleasant–pleasant” 
(p < 0.01) (see Fig. 3A).

When the participants were separated into the two 
information bias interventions, we found significant 
differences existed in “unstimulating–stimulating” 
(p < 0.001), “unexciting–exciting” (p < 0.01), “soft–firm” 
(p < 0.01), “ordinary–distinctive” (p < 0.001), “passive–
active” (p < 0.01), and “bland–dense” (p < 0.001) in the 
hinted group, and significant differences were found in 
“artificial–natural” (p < 0.05), “unstimulating–stimulat-
ing” (p < 0.01), “ordinary–distinctive” (p < 0.001), “pas-
sive–active” (p < 0.05), “unpleasant–pleasant” (p < 0.001), 
and “bland–dense” (p < 0.01) in the non-hinted group. 
The results of paired sample t-testing revealed that 
the scores for pleasantness (p < 0.001) and naturalness 
(p < 0.05) also were lower in the non-hinted group after 

inhalation of Taiwania oil volatiles. Meanwhile, the 
hinted group did not exhibit these significant difference 
for either subscale between exposure to the normal air 
and Taiwania’s scent (see Fig. 3B, C).

Comparisons of the changes in subjective perceptions 
between the hinted group and the non-hinted group were 
examined (see Table  6). The only significant difference 
between the hinted group and the non-hinted group after 
inhalation of Taiwania oil volatiles was observed for the 
“unpleasant–pleasant” subscale. The non-hinted group 
had a pleasant feeling toward the Taiwania scent that was 
26% lower, whereas the hinted group had a pleasant feel-
ing that was only 1% lower.

Discussion
In the present study, our data suggest that Taiwania’s 
scent can only suppress heart rate showing that the 
therapeutic effects of Taiwania volatiles were limited, 
particularly in physiological responses, compared to 
findings of other studies that used other plant species 
(i.e., [12, 31, 32]). Considering the effects of cognitive 

Fig. 3 Polarity profiles of the semantic differential score with the results of pair sample t test. A All subjects, n = 39, B hinted group, n = 21, and C 
non‑hinted group, n = 18, *p < 0.05, **p < 0.01, ***p < 0.001
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bias on human physiology, both subgroups revealed no 
significant difference for any of the physiological vari-
ables. Additionally, significant differences in changes of 
physiological responses resulting from positive informa-
tion cues (hinted) were similar to the responses caused 
by neutral cues (non-hinted). This finding indicates 
the information cues did not influence physiological 
responses.

For emotional states, significant differences between 
normal air inhalation and Taiwania volatiles inhalation 
were observed in confusion, fatigue, and depression 
for all subjects. Further, we found that there were sig-
nificant differences in confusion, fatigue, anger-hostil-
ity, tension-anxiety, and depression in the hinted group 
and significant differences in confusion and fatigue in 
the non-hinted group. In general, subjects perceived 
an improvement in negative moods after they smelled 

Taiwania essential oil. It is clear that olfaction and emo-
tion are intimately associated. Existing literature high-
lights how scents affect mood [33]. The present findings 
confirm the general notion that nature scents especially 
from wood materials have a beneficial effect on human 
moods and emotions via reducing negative emotion 
states.

Changes in emotional states were not affected by the 
information cue, except in the anger-hostility dimension. 
The results of multiple comparisons between the hinted 
and non-hinted groups provided a closer look at the data. 
Interestingly, we found each negative emotion state was 
improved in the hinted group, but similar results for each 
were not observed in the non-hinted group, as the non-
hinted group had a score 80% higher for anger-hostility. 
One explanation for this is that the positive cognitive 
intervention implemented in the hinted group led to the 

Table 6 Results of semantic differential scale response changes between two groups of interventions

Δ = posttest − pretest; **p < 0.01

Physiological changes Group N Mean ± SD Change (%) t p

△Artificial/natural Non‑hinted 18 − 1.28 ± 2.35 − 28.07 − 1.986 0.054

Hinted 21 0.10 ± 1.97 1.87

△Rough/delicate Non‑hinted 18 − 0.278 ± 1.49 − 6.22 − 0.835 0.409

Hinted 21 0.19 ± 1.94 4.03

△Non‑woody/woody Non‑hinted 18 0.44 ± 2.43 11.64 − 0.352 0.727

Hinted 21 0.71 ± 2.35 15.85

△Depressing/cheerful Non‑hinted 18 − 0.11 ± 2.08 − 2.44 − 0.680 0.501

Hinted 21 0.29 ± 1.55 5.59

△Unstimulating/stimulating Non‑hinted 18 1.72 ± 1.93 68.80 0.599 0.553

Hinted 21 1.38 ± 1.63 54.76

△Unrefreshing/refreshing Non‑hinted 18 − 1.00 ± 2.14 − 20.45 − 1.379 0.176

Hinted 21 − 0.14 ± 1.74 − 2.84

△Urban/rural Non‑hinted 18 0.00 ± 1.50 0.00 − 0.656 0.516

Hinted 21 0.33 ± 1.65 7.07

△Unexciting/exciting Non‑hinted 18 0.33 ± 1.24 8.63 − 1.174 0.248

Hinted 21 0.76 ± 1.04 18.54

△Soft/firm Non‑hinted 18 0.67 ± 1.71 18.01 − 1.251 0.19

Hinted 21 1.38 ± 1.83 48.25

△Ordinary/distinctive Non‑hinted 18 2.17 ± 1.72 65.17 1.022 0.313

Hinted 21 1.57 ± 1.89 40.51

△Passive/active Non‑hinted 18 0.50 ± 0.99 12.17 − 0.745 0.461

Hinted 21 0.76 ± 1.18 18.54

△Disliked/liked Non‑hinted 18 − 0.56 ± 1.42 − 11.65 − 0.774 0.444

Hinted 21 − 0.19 ± 1.50 − 3.59

△Unpleasant/pleasant Non‑hinted 18 − 1.39 ± 1.42 − 26.63 − 2.968 0.005**

Hinted 21 − 0.05 ± 1.40 − 0.92

△Tense/relax Non‑hinted 18 − 0.33 ± 1.28 − 7.28 − 0.594 0.556

Hinted 21 − 0.05 ± 1.66 − 0.92

△Bland/dense Non‑hinted 18 2.06 ± 2.31 73.74 − 0.188 0.852

Hinted 21 2.19 ± 2.16 90.12
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lower level of anger-hostility as compared to level of the 
non-hinted group. It can be postulated that the positive 
information cue influences psychological responses and, 
as a result, participants with the positive information 
cue had a greater perception of health benefits from Tai-
wania’s odor than did the participants with no informa-
tion cue. Our findings regarding the effects of cognitive 
bias are consistent with those in a prior study focusing on 
odor control in building interiors, that the pre-knowledge 
about odors emitted from building materials affects the 
moods of occupants and causes biases in their odor eval-
uations [6]. These results underscore the importance of 
conceptually driven approaches in analyzing responses 
to volatile chemicals, ones that rely heavily on the influ-
ence of memories and expectations in the perceptions of 
scents [34].

With regard to sensory evaluation, it is obvious that 
Taiwania oil volatiles induce greater feelings of stimu-
lation, excitement, firmness, distinctiveness, activity, 
unpleasantness, and denseness in all subjects. These 
results indicate that Taiwania oil odor evoked greater 
feelings of alertness among participants. Interest-
ingly, even though these feelings of alertness have been 
reported, there has been no increase in the sympathetic 
nervous system activity measured in this study. The same 
situation was reported before in the prior research stud-
ied in the Japanese’s responses toward Japanese cedar’s 
odor which the authors hypothesized that this unchang-
ing of sympathetic nervous system activity might relate 
to the human physiological adaptation [35] but there was 
still no any sound evidences to support this assumption. 
Our results seem to indicate that Taiwania oil scent is rel-
atively strong in eliciting these feelings which highlights 
that not every forest-related stimulus has positive effects 
on physical and mental health. Also, what sort of envi-
ronmental stimuli are exposed by humans is more impor-
tant. Our findings are supported by an idea proposed 
by Song et al. [34], that affective components elicited by 
scents may be as varied as the differences in VOCs from 
each tree species. Additionally, the unique components 
of VOCs emitted from Taiwania oil can create unique 
subjective feelings in people. However, the influence 
of cognitive bias can alter the subjective evaluation of 
naturalness and pleasantness. The positive information 
cue significantly alleviated the feeling of unpleasantness, 
which implies positive cues are crucial in creating a com-
fortable environment. The analysis of change scores sup-
ports this notion because they reflect that the effect of 
the positive information intervention induced the differ-
ence in unpleasant–pleasant levels between the groups. 
This is in line with a prior empirical study of human 
interaction with an indoor environment that reported 
that feelings of unpleasantness toward a concrete odor 

were reduced when participants were told that the odor 
smelled of cypress [6].

A number of limitations in this study need to be noted. 
First, exposure to plant-derived volatiles from differ-
ent plant species (i.e., [1, 8, 12, 36]) can have both posi-
tive and negative effects on humans and animals [8]. 
Whereas numerous prior studies have reported the ben-
eficial effects of these scents on physiological variables, 
those favorable effects were limited in this study. For 
this reason, additional beneficial effects such as the brain 
responses of people to Taiwania volatiles should be clari-
fied in future research. Second, while there maybe indi-
vidual differences in response, overall we did not discern 
much of a difference in physiological responses between 
the informed and naive groups. It should be further 
noted that “concentration” could play an important role 
in regard to physiological and psychological responses, 
for example, a pleasant smell could be overwhelming if 
it is too strong. In this sense, we suggest a future study 
designs a variety of concentrations for illustrating an 
optimal outcome. Thirdly, even though the age, gender 
[37] and women menstrual cycle [38] influences the com-
plexity of HRV, our research was not controlled for these 
variations because of the limited number of participants. 
Therefore, the effects of individual differences were aver-
aged in the analysis of comparing subject’s responses 
toward essential oil volatiles and normal air in explor-
ing the therapeutic effects of Taiwania’s volatiles. How-
ever, these between-subject variabilities were eliminated 
by the pretest–posttest design and were not included in 
the analysis of exploring the role of cognitive bias in odor 
exposure. Lastly, the study was solely conducted with 
Taiwanese who may have subconscious association with 
Taiwania odor which may influence psychophysiological 
responses. Therefore, performing this study with sam-
ple populations from a broader range of cultures would 
increase the study’s generalizability.

Conclusions
In response to the first research objective aiming to 
investigate the effects of Taiwania’s volatiles on human 
health responses, we found that Taiwania essential oil 
volatiles had a relaxation effect in reducing the heart 
rates of participants. It also suppressed some negative 
mood states, such as confusion, fatigue, and depression. 
Regarding sensory perceptions, for all participants Tai-
wania essential oil odor induced greater affective scores 
of stimulation, excitement, firmness, distinctiveness, 
activity, and denseness, but a lower feeling of pleasant-
ness. To answer the second research question aiming to 
explore the influence of cognitive bias in exposure to Tai-
wania’s scent, we found that the information cue had no 
effect on physiological responses. However, there was a 
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significant improvement in anger-hostility between the 
hinted and non-hinted groups. Unlike subjects who did 
not receive a cognitive intervention, the group of peo-
ple who received positive information exhibited in their 
psychological responses a distinct suppression of the 
negative anger-hostility mood state. Concerning mana-
gerial implications, this research mainly contributes to 
the wood industry by increasing awareness of the health 
benefits of Taiwania wood and its essential oil, doing so 
by providing evidences of healthy living environments, 
restorative environments and promoting use of these 
wood as sustainable material. Further, the importance of 
interpreting information related to wood-derived smells 
has been highlighted in environmental health promotion 
measures.
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