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Abstract: While wilderness programs are recognized as a feasible intervention to promote psycholog-
ical independence in adolescence, little is known about physiological changes. The present study
focused on oxytocin, a key hormone for social cognition and behavior, and investigated changes in
OT concentrations during a wilderness program among adolescents. Twenty-one 4th-7th graders
were separated from parents and immersed with adventures and challenges in the woodlands of
Motegi, Tochigi Prefecture, Japan for 31 days, and dataset of 20 boys aged 9-13 years-old were used
for analysis. OT concentrations in early morning saliva samples on days 2, 5, 8, 13, 18, 20, 21, 22
and 30 were determined using ELIZA. We performed multi-level regression analyses to compare
the OT concentrations before and after solo and team-based survival challenges, and across the nine
observational points, adjusting for potential covariates. We found that adolescents increased OT
level in a situation where they needed others’ cooperation and support for survival (coefficient: 2.86,
SE: 1.34, p = 0.033). Further, we found that adolescents gradually decreased their basal OT level
during a long separation from parents (coefficient: —0.083, SE: 0.034, p = 0.016). A combination of
these findings suggest the OT level may be a marker for psychological independence.
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1. Introduction

Adolescence is marked by profound biological and social transformation [1] and
many of the primary psychiatric disorders typically emerge during this time and persist
for life [2]. Gaining independence from parents is regarded as the key developmental
task in adolescence and a failure to accomplish the task is proposed as an explanation for
psychosocial maladjustment [3,4]. Longitudinal studies of adolescent cohorts showed that
those who were not encouraged or reinforced to make decisions for themselves and to act
on their thought processes and judgements suffer from various problems. In particular,
those who were exposed to high levels of psychological control from parents in early
adolescence displayed poor self-identity, low peer acceptance, greater behavioral problems
and poor mental health [5-7], low academic attainment, poor social relationships, as well
as poor mental health in later life [7].

One way to nurture independence in adolescents is to provide proper encouragement
and reinforcement to explore the world on their own and take responsibility for their
decisions in a safe setting [8]. Wilderness programs adopt this approach and immerse
participants to experience mental, physical, emotional, and spiritual challenges, such as
survival challenges and long-term parental separation, in a safe and supportive outdoor
environment [9,10]. A review of the solo wilderness programs reported that participants
gain greater sense of independence by being free from manipulation and domination from
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others [11]. Meta-analyses of the group-based wilderness programs indicated that partici-
pation in learning and practicing survival skills and /or high and low adventures, increases
self-concept, internal locus of control, self-efficacy and self-reliance and reduces social
aggression [9,12]. One study allocated Grade 9th and 10th classes at one boarding school
to a full, partial or no wilderness program and found a significant stable improvement in
cognitive autonomy relative to the degree of participation [13]. Some studies suggested
individual attributes such as age, gender, motivation and past experience may influence
the engagement level, reflection and impact of the wilderness program [14,15].

Why the wilderness programs promote independence in adolescents is less understood.
Qualitative studies have identified self-reflection and introspection with facilitators playing
a vital role in the participants’ psychosocial benefits [16]. On the other hand, the potential
physiological mechanisms that support psychological independence remained largely
unknown, as there are limited studies which investigated physiological changes during
wilderness programs. We hypothesized that unique social contexts of wilderness programs
may induce changes in the levels of the hormone oxytocin (OT) which enhances our social
cognitions and social behaviors in a manner that urge establishment or maintenance of
strong social bonds [17-19]. It is widely documented that OT release is increased during
exposure to various social stimuli and contexts such as physical and non-physical contacts
with another individual [20,21], synchronous group activities [22,23] and unfriendly or
hostile environment [24,25]. On the other hand, people who experienced parental divorce
in childhood displayed lower OT levels in urine [26] and maternal separation induces long-
lasting changes in decreased level of OT receptor binding in the juvenile and adolescent
rats’ brain [27]. To our knowledge, however, no previous study has explored the changes
in adolescent OT excretions during a wilderness program.

The objective of the study was to investigate changes in oxytocin (OT) concentrations
during a wilderness program in adolescents.

2. Materials and Methods
2.1. Study Participants

We conducted a single armed observational study as part of “Hello Woods”, a 31-day
residential wilderness camp organized by Honda Mobilityland Corporation. The required
sample size for a mixed model which takes into account of within-individual correlations
was calculated to be 19 by the standard formula for paired t-test with a 95% confidence
level, a 5% margin of error, a moderate (r = 0.4) correlation, and estimated effect size and
SD to be 3.0 and 4.0 based on the previous study [28]. In 2015, Hello Woods was offered
for around USD2500 (as of 14 March 2022) all inclusive, except for transportation to the
camp site for 4th to 7th grade students who are considered as senior students in Japan as
our upper primary level education begins from 4th grade. In total, 21 adolescents were
recruited online on a first-come-first-served basis during summer school holidays. The vast
majority (i.e., 20) were males; therefore, we analyzed the dataset among male participants
only.

All the participants and their parents received detailed oral and written communica-
tion on the study procedures in person at information sessions prior to the camp, and both
provided consent to participate in the study to the program organizer. Research protocol
which was prepared in accordance with the principals of the Declaration of Helsinki was
reviewed and approved from the institutional review board at the National Center for
Child Health and Development (no. 1052).

2.2. Program Contents

Hello Woods was taken place in a 42-hectare peri-urban woodlands in Motegi, Tochigi
Prefecture, Japan. The program (Table 1) consisted of several basic wilderness survival
skill buildings and activities organized in a way to promote understanding about self and
others (a team and a group). There were three major survival challenges (A, B, C). The first
was “overnight solo bushcraft camping (A)” on days 5-7, whereby participants had to set
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up a tent for themselves, collect branches and light a fire using matches alone. On days
20-22, participants were divided into three teams and they had to go through “overnight
team-based bushcraft camping (B)” They were tasked to set up a tent, collect branches,
light a fire using gimlets, cook meals outdoor with a knife and fire, and take turns to keep
the fire going all day and night for three days. On days 25-27, the participants experienced
“expedition (C)” with the same team members. They had to walk 60 km towards the
seaside using a map and compass, while camping and maintaining a fire overnight along
the way. All the challenges were performed in the presence of experienced adult camp
counselors who ensured nobody would be placed in harm’s way. However, the counselors
did not provide direct help to the participants to them to accomplish the tasks. When
any participants became upset or frustrated, the counselors would advise them to think
why things were not working and to accept unfairness rather than seeking reasons. The
counselors also conducted debriefing sessions in the form of recreational activities, such
as having the participants write poems and songs, and create drawings based on their
experiences during the camp.

Table 1. Schedule of the 31-day wilderness program.

1st term: Understanding self

Day Main activity OT sample
1 opening ceremony/Building a basecamp
2 field walk #1
3 knife skill building (cutting a fish with a knife)
4 using a rope to set up a tent and building a fire
5 overnight solo bushcraft camping (A) #2
6 overnight solo bushcraft camping (A)
7 overnight solo bushcraft camping (A)
8 designing a team flag
9 skill and team building #3
10 skill and team building

2nd term: Understanding others

Day Main activity OT sample
11 canoeing practice and playing in the river
12 canoeing touring
13 making a team flag and building a fire #4
14 motorbiking experience or handicraft making
15 motorbiking experience or handicraft making
16 motorbiking experience or handicraft making
17 motorbiking experience or handicraft making
18 making a team flag #5
19 preparing for overnight team-based bushcraft camping
20 overnight team-based bushcraft camping (B) #6
21 overnight team-based bushcraft camping (B) #7
22 overnight team-based bushcraft camping (B) #8
23 cleaning up after (B)
24 preparing for walking expedition
25 60 km expedition (C)
26 60 km expedition (C)
27 60 km expedition (C)
28 cleaning up after walking expedition
29 knife maintenance
30 farewell party #9

31 closing ceremony
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2.3. Measurements
2.3.1. Oxytocin Level

Saliva samples were collected using the Salivette® cotton roll (Sarstedt, Niimbrecht,
Germany) [25,29] at around 5:00 AM on days 2, 5, 8, 13, 18, 20, 21, 22 and 30 (Table 1). To
avoid contamination, the participants were instructed to refrain from consuming food and
drinks other than water and from brushing teeth for 60 min and 10 min, respectively before
sample collection. Collected samples were immediately stored in a freezer at —20 °C and
sent to the National Center for Child Health and Development (Tokyo, Japan) at the end
of the camp to be kept at —80 °C until analysis. OT concentrations were measured using
a commercial ELISA kit (Assay Designs; Ann Arbor, MI, USA) and standardized by total
protein content per milliliter and expressed in picograms per milligram protein (pg/mg
protein) [28]. Missing information on height and weight (n = 1) was replaced with the
average of three participants with the same age, and missing information on OT level on
day 2 (n = 2) and day 18 (n = 2) was replaced with subsequently measured OT level of the
same participants.

2.3.2. Covariates

Because there are individual differences in OT concentrations and reactivity to
laboratory-induced or naturalistic stress due to age, body mass index (BMI), medical
use and preexisting medical and psychiatric conditions [21,30,31], a brief questionnaire
was administered at the time of application to the participants” guardians. It included
questions about the participants’ age, self-motivation for the camp participation (asked
“Who was the one who expressed the wish to participate in the camp?” and coded 1 if
the participant’s name was mentioned and 0 if not mentioned), experience of the 31-day
residential wilderness program in the past (yes = 1, no = 0), medical use and preexisting
medical and psychiatric conditions (“Is your child under any medication or does s/he have
any medical and psychiatric illnesses?”), and height and weight.

2.4. Analysis

We performed multi-level linear regression model analysis nested within individuals
to investigate if salivary OT level changed from just before to during or after the solo
and small-group bushcraft camping (day 5 vs. day 9; day 20 vs. day 21 and 22) and over
the course of the program (day 2, 5, 8, 13, 18, 20, 21, 22 and 30), using the STATA SE
ver. 17 for Windows (STATA, Lightstone Corp., USA). We chose the within-subject design
(i.e., multi-level modeling) over the between-subject design (i.e., single-level modeling)
because OT levels across the nine time points were likely to be dependent on individuals
at a considerable extent, and to increase statistical power [32]. We built models with and
without adjusting for potential confounders (i.e., age, sex, the presence of self-motivation
for the camp participation, the past experience of residential wilderness program, height
and BML

3. Results

The participants’ characteristics are summarized in Table 2. Their age ranged between
9 and 13 years. None of them were overweight/obese. About half (52.4%) of the participants
joined the program with high expectation of its benefits, and five (23.8%) had experiences
of the same wilderness program. With respect to OT concentrations in early morning
saliva, the highest mean was observed on day 9 (13.6 £ 3.0 pg/md), one day after the
end of solo bushcraft survival challenge, and the lowest mean was observed on day
21 (9.5 £ 4.9 pg/md), one day after the team-based bushcraft survival challenge started.
The Intraclass Coefficient (ICC) estimate in crude model showed approximately 28.5% of
the variance was attributed to between-individual variations, suggesting that the same
individuals exhibited similar levels of OT across nine points.
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Table 2. Characteristics of the male participants (1 = 20).

Variable n (%) Mean + SD Range
Age (years) 10.6 +1.2 9 13
9 years 4(20.0)
10 years 6 (20.0)
11 years 6 (30.0)
12 years 2 (30.0)
13 years 2 (10.0)
Height (cm) 134.0 £ 84 125 163
BMI 169 £2.1 13.4 21.1
Presence of self-motivation for the camp
No 10 (50.0)
Yes 10 (50.0)
History of the wilderness program participation
No 15 (75.0)
Yes 5(25.0)
The early morning salivary OT (pg/mg)
#1 (day 2) 113 £37 6.2 20.7
#2 (day 5) * 12.6 £5.8 7.0 26.2
#3 (day 9) 13.6 £3.0 6.7 19.4
#4 (day 13) 11.1£29 7.2 18.6
#5 (day 18) 11.6 £3.4 6.6 16.3
#6 (day 20) ** 10.3 £4.0 6.6 21.7
#7 (day 21) ** 95+49 4.7 213
#8 (day 22) ** 132 £6.1 4.9 28.7
#9 (day 30) 9.8 +46 43 19.0

Note: * = day when overnight solo bushcraft camping (A) was conducted, ** = a day when overnight team-based
bushcraft camping was conducted (B).

The results of the mixed-effect regression analyses to compare OT levels before and
after the bushcraft survival challenges are presented in Figure 1. OT level measured two
days after the completion of the solo bushcraft survival challenge was not significantly
different from that measured just before the challenge (coefficient = 0.96, standard error
(SE) =1.23, p = 0.43). The OT level was also similar on the second day of the team-based
bushcraft survival challenge compared just before it stared (coefficient = —0.83, SE = 1.34,
p = 0.53). However, it was significantly elevated on the third day of the challenge (coefficient
=2.86, SE = 1.34, p = 0.033). The coefficient, SE and p-value remained the same even after
adjusting for the participants’ age, presence of self-motivation at the time of application,
history of the wilderness program, height, and BML

Trajectories of OT levels during the wilderness program for the 21 participants is
presented in Figure 2. All the participants displayed fluctuation in the OT level for one to
two times during the program, with a couple of peaks commonly around the overnight solo
bushcraft camping (days 5-7) and group-based bushcraft camping (days 20-22). However,
the OT level appears to decline on average towards the end of the program.
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Figure 1. Mean (SD) salivary oxytocin (OT) before and after the solo bushcraft survival challenge (A)
and the team-based bushcraft survival challenge (B). Notes: * = p < 0.05; NS = p > 0.10; (C) is where
60 km expedition was held.
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Figure 2. Trend of the oxytocin (OT) release over the course of the 31-day wilderness program Note:
The dotted line with gray area indicates a regression line with 95% confidence interval.

Mixed-effect regression analyses showed the statistically significant decline during
the whole camping program before and after adjusting for the participants’ age, presence
of self-motivation at the time of application, history of the wilderness program, height,
and BMI (Table 3). Among the adjusted individual-level factors, height and self-motivated
participation was associated with statistically significant declines of OT levels during the
camp (coefficient = —0.19, SE = 0.09, p = 0.029; coefficient = —2.74, SE = 1.10, p = 0.013,
respectively).
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Table 3. Adjusted mixed effects of multi-level regression model for salivary oxytocin level (pg/mg)
during the one-month summer camp (1 of bushcraft survival challenges [level 1] = 2, n of observations
[level 2] = 180, 1 of the individuals [level 3] = 20).

Crude Model Adjusted Model
Variables
Coefficient (SE) p Coefficient (SE) p
Time-level
Day —0.084 (0.035) 0.015 —0.083 (0.034) 0.016
Individual-level
Age (year) —0.49 (0.41) 0.23 —0.16 (0.57) 0.78
Height (cm) —0.14 (0.057) 0.015 —0.19 (0.09) 0.007
BMI —0.081 (0.24) 0.73 0.065 (0.24) 0.78
Self-motivation (ref =no)  —2.09 (0.92) 0.022 —2.81 (0.093) 0.003
History (ref = no) —1.05(1.13) 0.35 0.84 (1.15) 0.46

Note: Crude estimate of cons and residual is estimated based on the model where day and presence of survival
challenge were entered as exposure.

4. Discussion

To the best of our knowledge, the present study is the first to examine changes in OT
levels in adolescents during a wilderness program. A total of 20 male adolescents were
separated from parents and immersed in high adventures and challenges in the wilderness
for 31 days. While we found no significant change in the OT level following the solo
bushcraft survival challenge, we found a significant increase in the OT level during the
team-based bushcraft survival challenge. We furthermore found a significant gradual
decrease in OT level over the course of 31 days.

We observed temporal increase in OT release during team-based bushcraft survival
challenges while we did not find a significant increase in OT release following solo bushcraft
survival challenge. These finding are consistent with existing reports on OT reactivity in
adolescents under various experimental conditions [22,23,25,33]. One of the main functions
of OT is to enhance social sensitivity [17-19]. OT level has been reported to temporarily
increase in response to psychosocial stress in healthy adolescents [25]. At the same time,
a number of intervention studies have shown that activities involved interactions with
others, such as storytelling, resulted in increased OT release more than activities that did
not involve others, such as riddle quizzes for children [22,23,33]. The greater increase
in OT level during the team-based survival challenge than the solo survival challenge,
therefore, may be due to a combination of psychosocial pressure and presence of others
to perform the activity. A study which employed the same technique to analyze salivary
OT among Japanese children found a similar level of increase (i.e., 2.63 pg/mg protein) by
playful interaction in mothers of first-born boys and the increased maternal OT level to be
a significant predictor of lower externalizing problem in children two years later [28].

We also found that OT level in adolescents decreased over time by prospectively
measuring OT levels for nine times in total from the same participants. This finding is
consistent with the earlier studies that reported lower levels of OT in adults and decreased
level of OT receptors in rats experiencing parental separation in childhood [26,27]. A
higher OT level is generally regarded to improve social and emotional functioning of the
individuals as lower OT level has been reported among people with autism spectrum
disorder [34] and victims of severe childhood abuse [35]. However, an increasing number
of studies indicates there may be an optimal level of social sensitivity. Experimental studies
showed that intranasal OT injection resulted in overrating of emotion in faces in healthy
women [36,37], men with low autism spectrum traits [37] and extraverted or prosocial
characteristics [38]. In relation to parent—child relationship, a cross-sectional study of
50 healthy mothers found that lower levels of OT was associated with greater provision of
autonomy support towards their toddlers [39]. Furthermore, the reduction of the OT over
time is consistent with the natural lifespan development of human. A study that compared
OT receptor gene expression in brain, considered as a proxy of OT levels, among various
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aged samples found that the expression peaked in early childhood and then declined
from late childhood throughout adolescence and early adulthood, but started to increase
again in late-adulthood [40]. Higher OT receptor gene expression in younger children and
older adults are hypothesized to reflect social dependence, the need for social support to
grow and survive [41]. The estimated reduction of OT level by a month of the wilderness
program based on our study would be similar to the level of change by playful interaction
in mothers of first-born boys, which were associated with behavioral problems in the
children two years later [28]. Although we do not have a directly comparable study that
employed the same technique to measure the OT in a similar sample, our study findings
may imply that wilderness programs contributed the natural course of OT reductions as
part of increasing social independence in a short period of time.

There are several limitations in the present study. First, our participants included
early and pre-teens, and our main analyses were limited to boys only due to small sample
size of girls. Age and gender may affect how adolescents respond to the wilderness
program. For example, boys and girls may have different motivations (e.g., boys may
be more likely seeking adventure while girls looking for emotional connections) and
different understanding of the program (e.g., boys may be more likely to attribute success
to his skills while girls may be more likely to attribute success to luck) [14]. Similarly,
older adolescents (aged 12 years and above) may have greater OT reactivity to solitude
experiences and separation from parents, although we checked similar point estimate
among the older adolescent sample (data not shown due to limited sample size of four).
Compared to younger adolescents, they maybe more engaged in reflective practices as
they are expected to thrive for emotional independence over personal independence [3]
and have better reasoning skills [11]. Furthermore, they likely came from families of high
socioeconomic status because the program fee was equivalent to average monthly salary
of most Japanese [42]. In order to evaluate the effect of the wilderness program on OT
responses, a large study is warranted to investigate whether the OT response changes in
girls and a broader group of adolescents.

Second, our study was a single-arm observational study. A control group (i.e., adoles-
cents who spent summer without participating in the wilderness program) is necessary to
affirm that the wilderness program induced the changes in OT excretion level as seasonal
change in temperature [43] and the school holiday [44] might have affected their stress
levels and OT excretion.

Third, we did not measure psychological independence directly utilizing existing
scales such as Psychological Jiritsu Scale [45]. Although independence is set as a common
developmental goal throughout the aged 6-18 years-old, personal independence may
be emphasized for aged 11 and less and emotional independence from parents may be
emphasized for aged 12+ [3,4]. Future studies should measure various types of indepen-
dence including personal/emotional independence and psychosocial functioning via a
questionnaire, and investigate how changes in OT release are associated with changes in
different kinds of independence and psychosocial functioning in young (<12) and older
(12+) children.

Fourth, we measured OT in saliva, which encompasses a simple and painless collection
method suitable for multiple-time collection from young people [33]. Salivary OT has been
criticized for not strongly correlated with plasma oxytocin [46,47]; however, salivary OT
testing kits have been substantially improved to reduce non-specific binding to non-OT
antibodies and increased salivary OT has been found to associate with function of the social
brain regions [48].

Fifth, we measured early morning OT concentrations nine times during the 31 days, but
we were not able to measure before or after the program as the participants were gathered
from all places in the country. Future studies should follow the participants beyond the
program to measure basal and after-the-program OT levels. As a single measurement of
salivary OT may not be enough to reflect an individual’s OT system, multiple measurements



Int. |. Environ. Res. Public Health 2022, 19, 15437 9of 11

for an extended period would be recommended [47]. This would allow to evaluate if the
observed changes were out of the normal fluctuation of OT levels and long-lasting.

5. Summary and Conclusions

In summary, this study is the first to examine the changes in OT concentrations
during the wilderness program in adolescent boys. Our findings indicate that adolescents
increase OT level in a situation where they need others’ cooperation and support to survive,
which is consistent with previous studies that suggested a role of OT in within-group
cooperation. Our findings further indicate that adolescents gradually decrease their basal
OT level when separated from parents and confronted with adventures and challenges for
31 days. Our exploratory study suggests that OT level may be a marker for psychological
independence in healthy adolescents. Further research is warranted to confirm the changes
in OT excretion and their association with growth of psychological independence during a
wilderness program in a diverse group of adolescents.
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