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Abstract
Introduction. Aerobic dance can reduce individual stress response levels and its psychosomatic symptoms, and increase 
physical fitness. The effect of social interaction and the environment is also considered prominent for reducing stress. The purpose 
of this study was to measure the impact of social interaction and the environment when practising aerobic dance on reducing 
stress among first-rate university students in indonesia.
Methods. The study involved 16 students (8 males and 8 females) aged 18–20 years. All participants took a series of indoor 
and outdoor tests. in the indoor-test phase, they did indoor aerobic dance without communicating with one another, while in 
the outdoor-test phase, they did outdoor aerobic dance and were allowed to interact with one another. The subjects underwent 
3 measurements: salivary cortisol was assessed before and after the aerobic dance in the indoor and outdoor test; heart rate 
was evaluated during the aerobic dance; and rating of perceived exertion was established immediately after each participant 
had finished the aerobic dance.
Results. one-way ANoVA statistical test showed a significant difference between indoor-test and outdoor-test conditions in 
the measurement of salivary cortisol after the intervention (p = 0.001). independent t-test also revealed a significant difference 
between both conditions (p = 0.001).
Conclusions. More communicative social interactions and conducive outdoor environments that allowed a direct contact with 
nature in doing aerobic dance had a significant effect in reducing cortisol awakening response in salivary cortisol measurements.
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Introduction

With 268,074,600 inhabitants, indonesia is the 4th most 
populous country in the world [1]. As a country with high pop-
ulation density, it faces a quite serious problem of lack of par-
ticipation of the indonesian society in physical activity [2]. 
The issue refers to people of various age ranges, including 
young children (aged 5–11 years) and adolescents (17–25 
years). They now prefer playing gadgets to doing physical 
activity [3]. in turn, those in the category of early adulthood 
(26–35 years) and late adulthood (36–45 years) experience 
difficulty in doing physical activity because of their busy work-
ing hours [4]. Furthermore, the Ministry of Health of indonesia 
stated that obesity and stress were among the symptoms 
and effects of limited participation of the indonesian society 
in physical activity [5].

Nowadays, aerobic dance is very popular in various parts 
of the world [6]. Quin et al. [7] explained that aerobic dance is 
a developing kind of sport, favoured by the society for several 
reasons, such as ease of practice anywhere, alone or together 
with other people, or low cost. Moreover, several previous 
studies revealed the benefits of carrying out aerobic dance. 
According to duberg et al. [8], aerobic dance can reduce the 
level of individual stress responses, decrease its psychoso-
matic symptoms, and increase one’s physical fitness. Spe-
cifically, Jeong et al. [9] concluded that aerobic dance exerted 
beneficial effects on decreasing anxiety and depression and 
improved memory and cognitive function as compared with 
individuals who did not practise it. interestingly, no one has 

reported disadvantages of doing aerobic dance for the func-
tions of human physiology and psychology.

Meanwhile, in some studies observing aerobic dance, the 
benefit of reducing stress in the society is relatively well doc-
umented [10–12]. However, those studies lack detailed evi-
dence related to measurements of physiology biomarkers 
used to investigate the effect of social interaction and the 
environment of aerobic dance on stress reduction. For ex-
ample, Quin et al. [7] concluded that aerobic dance could 
reduce stress and its psychosomatic symptoms in children, 
but they did not provide concrete measurement results, such 
as maximum heart rate of each participant in aerobic dance 
[13] or salivary cortisol or serum cortisol as a parameter to 
determine the stress level of each individual [14].

in line with this, without any intention to diminish the value 
of benefits of the study conducted by Quin et al. [7], we noted 
that there was also no attention to several other factors that 
can influence stress reduction, such as environment and 
social interaction in doing aerobic dance, which are essential 
for decreasing stress. Some of the previous studies have 
observed the impact of social interaction [15–18] and environ-
ment. Specifically, Woodward et al. [15] explained that social 
interaction was very important to reduce stress among peo-
ple who are socially disadvantaged, and Blase and Waning 
[19] implied that creating a calm environment protocol would 
help in the process of meditation, as it could produce bene-
fits in the focus of attention, happiness, and ability to regulate 
and adjust emotions.

in the context of the interest and some problems found 
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in previous studies in measuring the benefits of aerobic dance 
for the functions of human physiology and psychology, the 
purpose of this study was to measure the influence of social 
interaction and environment when doing aerobic dance on 
reducing stress among first-rate university students in indo-
nesia. The study hypothesized that more communicative social 
interactions and a more conducive environment in doing 
aerobic dance would have a more significant effect on re-
ducing stress as evidenced by decreased salivary cortisol 
levels in each individual.

Subjects and methods

Participants

The study involved 16 first-year students (8 males and 
8 females) of Bandung institute of Technology, aged 18–20 
years, recruited with the following criteria: no history of chronic 
illness (e.g. cardiovascular), no injury during the previous 
3 months, active practice of aerobic dance with a minimum 
intensity of 3 hours of training per week, not smoking and 
no smoking history, no mental or physical impairment, and 
no previous or present intake of psychoactive substances. 
Before the study, all participants received an explanation of 
its procedure and risks.

The study engaged gymnastic instructors (n = 2), who 
had a special certificate to provide aerobic dance training. 
A decoration team (n = 2) arranged modifications related to 
the outdoor to support the aerobic dance to run conducive. 
Besides, a nutrition team (n = 2) monitored the participants 
and completed a consecutive dietary record over 3 days prior 
to the study to assess the adequacy of nutrient intake. The 
participants’ diet was based on a diet calculation method (Bil-

nut 4 software package; SCdA Nutrisoft, Cerelles, France) 
and the food composition tables published by the Tunisian 
National institute of Statistics. The anthropometric charac-
teristics of the participants are shown in Table 1.

Table 1. Anthropometric characteristics of the participants

Variables
Males
 ± SD

Females
 ± SD

Age (years) 19.3 ± 1.19 19.6 ± 0.92

Weight (kg) 70.44 ± 8.40 59.65 ± 2.88

Height (cm) 178.3 ± 4.47 158.2 ± 7.52

BMi (kg/m2) 22.14 ± 2.50 23.94 ± 2.33

Experimental overview

The study used a parallel-purposive sampling in a pretest-
posttest design. Seven days before the indoor-test, all sub-
jects received an introduction to the movements and types 
of music that would be used. After becoming familiar with 
the movements and music, they participated in the indoor 
test by doing aerobic dance in an undecorated room, with 
a length of 5 m and a width of 6 m, being prohibited to enter 
into any type of interaction. The outdoor test was conducted 
3 days after the last day of the indoor test. in the outdoor-test 
phase, all students took part in outdoor aerobic dance activi-
ties in an environment which had been decorated by the deco-
ration team, thus giving the impression of an attractive natural 
setting for each participant. in this outdoor test, the subjects 
were allowed to interact. Salivary cortisol measurements were 
performed before and after each aerobic dance during the 
indoor- and outdoor-test phases. The research design is illus-
trated in Figure 1.

Experimental design

After being recruited, all subjects were required to take 
part in familiarization activities to introduce the movements 
and type of music. Seven days later, the indoor-test session 
was held. Before undergoing the indoor test, the students 

CAR-pre – cortisol awakening response 
(salivary cortisol) before aerobic dance, 
CAR-post – cortisol awakening response 
(salivary cortisol) after aerobic dance

Figure 1. Research design
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were asked to take a light dinner (before 09:00 p.m.) on the 
day before and not to eat food or drink caffeine beverages 
on the test day. The following morning at 06:00 a.m. (within 
the first 30 minutes after awakening), a saliva sample was 
collected from each participant to measure cortisol level. After 
the saliva sample collection, anthropometric measurements 
were taken. Body weight and body fat percentage were 
measured by omron HBF-375 Karada Scan Body Compo-
sition Scale, with the subjects wearing minimal clothes and 
being barefoot. Body height was assessed with a stadiometer 
with 0.1 cm readability (Seca 214 portable stadiometer, 
Cardinal Health, dublin, ohio, USA) in accordance with the 
described standardized procedures. Body mass index was 
calculated as the ratio of body mass (kg) and body height 
squared (m2).

Then, prior to indoor testing, all participants performed 
a 15-minute standardized warm-up. The indoor test began 
at 8:30 a.m. and each subject was only required to follow 
the aerobic dance movements presented by the instructor, 
without engaging in social interactions such as communicat-
ing with one another or making sounds to the music rhythm, 
e.g. screaming or singing along. Furthermore, in this indoor-
test session, the room used to do the aerobic dance was not 
decorated, so it did not make an interesting impression on the 
participants. After the end of the last task section, the students 
were allowed to drink water ad libitum and encouraged to 
maintain hydration. Thirty minutes after the aerobic dance was 
finished, salivary cortisol level measurements were conducted 
again. Additionally, heart rate was monitored during the aerobic 
dance with a Polar RS400 device (Polar, Kempele, Finland).

After salivary cortisol level measurements, all students 
lived for 3 days in their dormitories and followed the same 
nutrition guidelines as those provided by the nutrition team 
during the study period. They were prohibited from carrying 
out physical activities during these 3 days with the aim of 
maximizing the recovery process. After 3 days of recovery, 
the outdoor test was carried out, which followed the base-
line rules of the indoor test. However, in this outdoor-test 
session, all participants remained in an environment that was 
in direct contact with nature. The decoration team made suit-
able modifications so that all subjects could enjoy doing the 
aerobic dance. Furthermore, the students were allowed to 
interact with one another and make sounds to the rhythm of 
the music, but they were required to remain focused on the 
movements presented by the aerobic dance instructor. The 
indoor and outdoor settings are displayed in Figure 2.

Rating of perceived exertion

The aerobic dance physical effort intensity was assessed 
with session rating of perceived exertion (RPE) by using the 
CR-10 scale as described by Foster [20]. The method was 

applied to indicate exercise intensity to monitor training and 
competition load. The data were collected immediately after 
finishing the aerobic dance. The participants answered a sim-
ple question: How hard was your aerobic dance workout? 
A chart showed the outline of the full session RPE (CR-10 
scale) with the appropriate explanations.

Salivary cortisol measurements

Whole collected saliva samples were analysed. For each 
assessment, the participants were asked to accumulate sa-
liva in their mouth for 2 minutes and refrain from swallowing 
while doing so. The accumulated saliva was then transferred 
into a pre-labelled vial via a straw. Cortisol levels (µg/dl) were 
evaluated by using the instrument of Bio-Rad Model 680 
microplate reader (Bio-Rad Laboratories, inc., Hercules, CA, 
USA) and the software of Microplate Manager ver. 5.2.1 (Bio-
Rad Laboratories, inc., Hercules, CA, USA); the High Sensi-
tivity Salivary Cortisol Enzyme immunoassay® Reagent Kit 
was applied at the Prodia Laboratory.

Statistical analysis

The values are presented as means ± SD. The repeated 
measurement, ANoVA, and independent t-test were used to 
evaluate salivary cortisol before and after the aerobic dance, 
heart rate, and RPE in each indoor and outdoor test. The 
95% confidence intervals and change percentages were cal-
culated. Statistical significance was accepted at the p < 0.05 
level as indicated by the SPSS software, V.21.0.

Ethical approval
The research related to human use has complied with all 

the relevant national regulations and institutional policies, 
has followed the tenets of the declaration of Helsinki, and 
has been approved by the ethics committee of the Poltekkes 
Bandung.

Informed consent
informed consent has been obtained from all individuals 

included in this study.

Results

To reveal the differences in salivary cortisol before the 
aerobic dance, heart rate during the aerobic dance, salivary 
cortisol after the aerobic dance, and RPE after the aerobic 
dance in the indoor-test and outdoor-test conditions, the one-
way ANoVA and independent t-test were used (Tables 2 and 3, 
respectively).

Figure 2. The undecorated room setting and the outdoors in a park close to the university



N.S. Ramania, M.i. iwo, T. Apriantono, B. Winata  
The effect of social interaction and environment during aerobic dance on salivary cortisol

17

Physiother Quart 2020, 28(3) 
physiotherapyquarterly.pl

Table 2. The effect of social and environmental interactions on salivary cortisol, heart rate, and rating of perceived exertion

Variables
indoor test outdoor test

ANoVA p valuesa

 ± SD  ± SD

CAR-pre (µg/dl) 0.12 ± 0.05 0.11 ± 0.03 0.563

HR (bpm) 182.3 ± 6.80 182.12 ± 5.64 0.955

CAR-post (µg/dl) 0.58 ± 0.16* 0.32 ± 0.09* 0.001

RPE 8.19 ± 0.40 8.44 ± 0.51 0.136

indoor test – aerobic dance in indoor conditions, outdoor test – aerobic dance in outdoor conditions, CAR-pre – cortisol awakening response 
(salivary cortisol) before aerobic dance, HR – average heart rate during aerobic dance, CAR-post – cortisol awakening response  
(salivary cortisol) after aerobic dance, RPE – rating of perceived exertion after aerobic dance. Values are presented as means ± SD.
a Repeated measures ANoVA.
* Values significantly different between the indoor- and outdoor-test (p < 0.05).

Table 3. Specific changes in salivary cortisol, heart rate, and rating of perceived exertion in the indoor and outdoor conditions

Variables
Measurement 

conditions

Levene’s test for  
equality of variances

t df

t-test for equality of means
95% Ci  

of difference

F Sig.
Sig.

(2-tailed)
Mean  

difference
SD of  

difference
Lower Upper

CAR-pre (µg/dl)
indoor test 1.028 0.319 0.585 30 0.563* 0.009 0.015 –0.022 0.041

outdoor test 0.585 25.884 0.563* 0.009 0.015 –0.023 0.041

HR (bpm)
indoor test 0.484 0.492 0.057 30 0.955* 0.125 2.208 –4.385 4.635

outdoor test 0.057 29.019 0.955* 0.125 2.208 –4.392 4.642

CAR-post (µg/dl)
indoor test 2.627 0.116 5.811 30 0.001* 0.264 0.045 0.171 0.356

outdoor test 5.811 24.743 0.001* 0.264 0.045 0.170 0.357

RPE
indoor test 8.324 0.007 –1.534 30 0.136* –0.250 0.162 –0.582 0.082

outdoor test –1.534 28.426 0.136* –0.250 0.162 –0.583 0.083

Sig. – significance, CAR-pre – cortisol awakening response (salivary cortisol) before aerobic dance, HR – average heart rate during aerobic 
dance, CAR-post – cortisol awakening response (salivary cortisol) after aerobic dance, RPE – rating of perceived exertion after aerobic 
dance, indoor test – aerobic dance in indoor conditions, outdoor test – aerobic dance in outdoor conditions. Values are presented as means 
± SD. Statistical analysis with independent t-test.
* Values significantly different between the indoor- and outdoor-test (p < 0.05).

CAR-pre – cortisol awakening response (salivary cortisol) before 
aerobic dance, CAR-post – cortisol awakening response (salivary 
cortisol) after aerobic dance

* Significant difference between the indoor- and outdoor-test 
conditions (p < 0.05)

Figure 3. Cortisol awakening response (mean ± SD)  
for all participants (n = 16) in the indoor test and outdoor test

Salivary cortisol

With regard to salivary cortisol values before the inter-
vention, the one-way ANoVA statistical test results showed 
no significant difference between the indoor-test and out-
door-test conditions (p = 0.563). Likewise, the independent 
t-test revealed no significant difference between the two 
conditions (p = 0.563). in turn, the one-way ANoVA statisti-
cal test presented a significant difference between the in-
door-test and outdoor-test conditions in the salivary corti-
sol after the dance intervention (p = 0.001); the same result 
was obtained in the independent t-test (p = 0.001). Cortisol 
awakening response (CAR) values are shown in Figure 3.

Average heart rate

As for the average heart rate measurements during the 
indoor- and outdoor-test, the results of the one-way ANoVA 
statistical test and the independent t-test showed no signifi-
cant difference between the two conditions (p value of 0.955 
and 0.955, respectively).

Rating of perceived exertion

With reference to RPE in all participants after the indoor- 
and outdoor-test, the one-way ANoVA statistical analysis 
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test and the independent t-test revealed no significant differ-
ence between the two conditions, with the significance level 
of p = 0.136 for both tests.

Discussion

The purpose of the study was to measure the effect of 
social interaction and environment when doing aerobic dance. 
With respect to the prior hypothesis, it was stated that the 
more communicative social interactions and more condu-
cive outdoor factors directly in contact with nature in while 
doing aerobic dance could have a significant impact on sali-
vary cortisol reduction. To the best of the authors’ knowledge, 
this was the first study to assess salivary cortisol with the 
concept of social interaction and environmental (natural) con-
ditions as an independent variable in its testing.

Salivary cortisol was chosen as a parameter to determine 
stress levels because CAR is a reliable measure of the acute 
responsiveness of the hypothalamic-pituitary-adrenal (HPA) 
axis and can serve as a useful index of adrenocortical activ-
ity [21]. Furthermore, a literature review previously explained 
that the HPA axis is a highly stress-responsive system and 
shows a strong diurnal pattern with the glucocorticoid cor-
tisol as an end product [22]. Several protocols had been 
obeyed in measuring CAR in salivary cortisol. The one ap-
plied in the study consisted in establishing CAR before the 
aerobic dance (CAR-pre), during the first 30 minutes after 
the participant woke up from sleep, and then conducting CAR 
measurements 30 minutes after the aerobic dance was com-
pleted (CAR-post). The approach was chosen because pre-
vious literature reviews showed that CAR could increase by 
50–70% during the first 30 minutes after waking from sleep 
and after completing exercise [23].

An increase was observed between the average CAR-
pre and CAR-post values. These results support some pre-
viously conducted literature reviews [24–26], which implied 
that CAR might represent a combination of previous exercise 
load and upcoming stress [27]. More specifically, Anderson 
and Wideman [28] explained that the HPA axis activity de-
pended on the intensity of the intervention (e.g. low, moderate, 
and vigorous) and the intervention type (e.g. aerobic vs. yoga).

Another phenomenon observed in this study was the 
stable average of heart rate in the indoor-test and outdoor-
test, followed by the stable average of RPE generated from 
the load during the aerobic dance. The aerobic dance con-
ducted in the study was categorized as high-intensity exer-
cise, resulting in an average heart rate and RPE in the high 
category [29]. Another point that needs to be noticed is that 
the increase in CAR was correlated with an increase in heart 
rate and RPE. According to previous studies conducted by 
Caetano et al. [30], the high correlations of cortisol response, 
the session RPE measurements of physical stress in both 
investigated game conditions, and the fatigue test results 
showed that session RPE could be used to monitor training 
and competition to avoid excess ‘stress’. Caetano et al. [30] 
did not provide heart rate data; the present study could be 
treated as a novel evidence that RPE and heart rate were 
correlated with increasing CAR, so it can be used as a moni-
toring parameter to avoid excessive stress.

Furthermore, there was a significant decrease in CAR-
post between the indoor-test and outdoor-test conditions 
for all participants. This might indicate an influence of more 
communicative social interactions and more conducive en-
vironmental factors, allowing direct contact with nature, in the 
outdoor-test conditions. Pointing at the effect of environmental 
factors on decreasing CAR, the research supports several 

previous studies [19, 31]. Specifically, Calogiuri et al. [31] com-
pared two conditions for doing sports, namely indoor and 
outdoor (natural) settings, as a workplace intervention and 
found that outdoor exercise in natural conditions could be 
a profitable way to manage stress and induce restoration 
among employees. They explained that green exercise in out-
door conditions could evoke enthusiasm and motivation 
among participants and reduce stress by decreasing CAR.

Although there were some difficulties in finding support-
ive literature related to the effect of more communicative 
social interaction on CAR reduction, this study seems to be 
similar to the one conducted by iizuka et al. [32] on the im-
pact of playing Go on the cognitive function of elderly people 
(65 years old). The participants were divided into 2 groups, 
each involving 30 individuals, who played Go once a week 
for 2 months. However, the difference appeared in the way 
of playing. one group played Go face-to-face and were al-
lowed to interact and verbally ask questions to the instruc-
tor and game partners, while the other group played Go not 
face-to-face and were not allowed to interact during games. 
iizuka et al. [32] concluded that playing board games face-
to-face with others is more effective for cognitive function 
than playing alone because social interactions require rec-
ognizing the opponents’ facial expressions and surrounding 
circumstances while playing, and talking with the instruc-
tors or other participants during group lessons. Although the 
study was different with regard to the measurement of vari-
ables, sample characteristics, and treatment of experiments, 
it is speculated that social interactions could affect a person’s 
stress level. This is evidenced by the findings of the present 
study showing that social interactions when doing aerobic 
dance could reduce the participants’ CAR.

Because of the effect of social interaction and the environ-
ment when doing aerobic dance, all trainers and practitio-
ners of aerobic dance are encouraged to choose the outdoor 
setting for the exercise. Additionally, the importance of social 
interactions during aerobic dance was revealed as a factor 
that made the participants feel more relaxed and happy. This 
was clearly expressed by the reduction in CAR when more 
communicative social interaction and more favourable en-
vironment factors were applied.

Limitations

The study limitations involved lack of consideration of 
several physiologic variables (blood lactate concentration, 
blood glucose, etc.) that would allow to better describe the 
physiological effort of each participant in the aerobic dance, 
as well as some anthropometric measurements (e.g. abdomi-
nal fat), which, in accordance with some literature reviews, 
could be used as indicators of a person’s stress level [33]. 
Furthermore, psychological measurements should be intro-
duced to reveal more about the effect of social interaction 
and environment on CAR. Thus, a further study is needed to 
address the issues that have not been clearly investigated 
in this study.

Conclusions

More communicative social interactions and conducive 
outdoor environment directly in contact with nature in doing 
aerobic dance could have a significant effect on reducing CAR 
as reflected in salivary cortisol measurements. Further re-
search is needed to explore the mechanism behind the CAR 
decline and to rectify the discrepancies found in the results of 
some studies.
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