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Introduction: Social interaction is associated with many effects on the psychological
level of children such as mental health, self-esteem, and executive functions.
Education Outside the Classroom (EOtC) describes regular curricular classes/lessons
outside the school building, often in natural green and blue environments. Applied
as a long-term school concept, EOtC has the potential to enable and promote social
interaction. However, empirical studies on this topic have been somewhat scant.

Methods: One class in EOtC (N = 24) and one comparison class (N = 26) were examined
in this study to explore those effects. Statistical Actor-Oriented Models and Exponential
Random Graph Models were used to investigate whether there are differences between
EOtC and comparison class regarding changes over time in social interaction parameters;
whether a co-evolution between social interaction during lessons and breaks and
attendant social relatedness and friendships exists; whether students of the same gender
or place of residence interact particularly often (homophily).

Results: Besides inconsistent changes in social interaction parameters, no co-
evolutional associations between social interaction and social relatedness and
friendships could be determined, but grouping was evident in EOtC. Both classes
showed pronounced gender homophily, which in the case of EOtC class contributes
to a fragmentation of the network over time.

Discussion: The observed effects in EOtC could be due to previously observed
tendencies of social exclusion as a result of a high degree of freedom of choices.
It therefore seems essential that in future studies not only the quality of the study
design and instruments should be included in the interpretation — rather, the
underlying methodological-didactic concept should also be evaluated in detail. At
least in Germany, it seems that there is still potential for developing holistic concepts
with regards to EOtC in order to maximize the return on the primarily organizational
investment of implementing EOtC in natural environments.

KEYWORDS

Education Outside the Classroom, social interaction, social relatedness, natural
environments, social network analysis, children

1. Introduction
Social interaction and peer relations have been a central topic in social and developmental
psychology for years (Hartup, 1999; Hay et al., 2018). From this perspective, the crucial role played

by social factors in children’s development should not be underestimated (Seppala et al., 2013). If the

01 frontiersin.org


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2023.1031693﻿&domain=pdf&date_stamp=2023-02-02
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2023.1031693
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1031693/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1031693/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1031693/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1031693/full
mailto:jan.ellinger@tum.de
https://doi.org/10.3389/fpsyg.2023.1031693
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Ellinger et al.

social needs of children, such as having a sense of connection and
building trust in relations with significant others, remain unsatisfied in
the long term, this could lead to the development of mental disorders
(Pachucki et al., 2015; McNamara et al.,, 2017). The importance of such
skills is also emphasized with regard to 21st century skills (Chalkiadaki,
2018; Hirsh-Pasek et al., 2020; van Laar et al., 2020). Experiencing social
situations that contain the potential to develop social skills in children’s
lives, is therefore of tremendous relevance (Hartup, 1989). School life can
be seen as a social situation on both a macro (whole school community)
and micro (situation in class) level (Sarason and Klaber, 1985; Ma, 2018).
Social psychology pursues the task of looking at and analyzing the
connections between social situations shaped by social interaction and
individual characteristics, behavior or experiences (Baron et al., 2000).
In this context, we understand social interactions to be an active process
between individuals on an interpersonal level (Simmel, 2013). From this,
according to Ryan and Deci (2017), the passive state of social relatedness
(as one of the basic psychological needs assumed to be central for the
individual), which alludes to a feeling of belonging, can result. Following
this, social relatedness also expresses the perceived connection to other
people and, thus, inclusion in a particular group. With that being largely
based on a particular individual and non-standardized feeling, other
aspects like the number of friends cover solely quantitative impressions
of embeddedness in a certain group (Fullerton and Ursano, 1994). Both
can be the result of previous social interaction as the core of a social
situation, such as school life (Baron et al., 2000).

1.1. Research on social interaction in
children

Social interaction is important to various aspects of children’s life,
such as well-being (Lee et al., 2020) and mental health (Li et al., 2020),
self-esteem (Harris and Orth, 2020), learning outcomes (Hurst et al.,
2013), and executive functions (Moriguchi, 2014). The school setting
provides an extremely valuable platform for observing, analyzing, and
affecting social interaction since it represents the most important place
for social interaction among young people (McNamara et al., 2017;
Garcifa-Carrion et al,, 2019). Children and adolescents spend a great deal
of time here. Additionally, the majority of children can be reached and
have the opportunity to participate in certain programs regardless of
their background. Furthermore, childhood seems to be particularly
suitable for forming social bonds between peers (Gifford-Smith and
Brownell, 2003). However, there continues to be a paucity of intervention
studies that address all students equally, with the explicit goal of
improving social interaction between the students with possible effects
on social relatedness and friendships.

In childhood, one’s own gender and the gender of peers in particular
prove to be significant for socialization and friendships (Maccoby, 1988;
Block and Grund, 2014). Confrontation with members of the same
gender fulfills various important functions in the development of one’s
own (gender) identity [as does later confrontation with the other
biological gender (depending on sexual orientation); Ridgeway and
Smith-Lovin, 1999; Powlishta, 2004; Perry et al., 2019]. During late
childhood and early adolescence, a strong tendency for girls to interact
more with girls and for boys to interact more with boys is evident
(Maccoby, 1988; Shrum et al., 1988). Apart from these tendencies, which
are typical in the course of development, the school setting also provides
additional opportunities to influence social interaction between
students. This could include the creation of special meeting and social

Frontiers in Psychology

10.3389/fpsyg.2023.1031693

spaces in school, or the implementation of specific social activities.
Also, entire teaching concepts could be used in order to influence social
interaction. One of those is “Education Outside the Classroom” (EOtC).

1.2. Social interaction in Education Outside
the Classroom

EOtC is a teaching concept that is — in line with the curriculum -
regularly carried out in a natural or cultural environment. EOtC is often
practiced for a duration of several consecutive months and up to whole
years or more. In most studies, explicitly investigating EOtC, this concept
has to be applied at least bi-weekly for four or more lessons. If EOtC is
sustainably established at a school, it can enrich the daily school routine
as an applicable long-term concept with manageable extra costs (Bentsen
et al,, 2009, 2021). EOtC lessons are said to be experimental, student-
centered, and there is an increased use of group and partner work
(Bentsen et al., 2021; Ellinger et al., 2022b). They lead to higher levels of
physical activity (Schneller et al., 2017), especially if they are conducted
in natural environments (Bolling et al., 2021), which is in part associated
with a healthy pattern of cortisol secretion that indicates less stress over
the course of the day (Becker et al., 2019). In addition, it can be assumed,
that EOtC promotes intrinsic school motivation (Bolling et al., 2018;
Ellinger et al., 2022a) and well-being of the students (Jorring et al., 2019).

Moreover, EOtC offers numerous ways of affecting students’ social
interaction. Even with regard to natural spaces in themselves, it is
worthwhile to consider facets of social interaction from different
perspectives (Waite et al., 2016; Torkos, 2017; Roberts et al., 2020).
Independently of school lessons, it has occasionally been demonstrated
that children’s intensive engagement in and with nature in groups (e.g., free
outdoor play, adventure therapy, seated relaxation, and orienteering) can
improve several social aspects such as mutual trust, social cohesion, social
functioning, relationship to peers, and cooperation (Doucette, 2004; Roe
and Aspinall, 2011; McArdle et al, 2013; Mygind et al,, 2019). The
availability of natural spaces in the immediate living environment also
seems to be able to influence social factors and consequently health (Faber
Taylor etal,, 1998; Sugiyama et al., 2008). These different and partly specific
outcomes limit the comparability, but in sum, there is a clear tendency that
both adults, but also children can benefit from group activities in and with
nature with regard to their social skills (Mygind et al., 2019; Fyfe-Johnson
et al, 2021). As EOtC often takes place in natural environments, these
possible benefits of natural environments are combined with a special
teaching situation, enabling substantial restructuring, simplification, and
promoting cooperative group work, because rigid structures of traditional
school teaching such as a fixed seating and desk arrangement are
eliminated. Therefore, EOtC offers specific conditions that may help to
improve social relations (e.g., play, interaction, student-centered tasks, and
cooperation; Hartmeyer and Mygind, 2016; Glackin, 2018). This produces
the result that the lessons often differ significantly from traditional indoor
school lessons. Regarding social aspects, previous research has shown that
EOtC could lead to more positive peer relations than traditional teaching
concepts (Mygind, 2009) and to the development of new positive peer
affiliations (Bolling et al., 2019), which could be explained by the character
of EOtC (Figerstam, 2014): In the indoor setting of the classroom, social
contacts are often limited to the students sitting near to each other. Since
the usual spatial forms of organization are largely absent in EOtC, it can
be assumed that other ways of teaching and new social constellations are
facilitated, as already shown in surveys regarding social forms in EOtC
(Ellinger etal., 2022b), as well as opportunities for informal interaction are
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created (Jorring et al., 2019). This could lead to intensified movement in
space and its appropriation by the students, especially in group
constellations — while teaching the same subject matter as during
traditional indoor teaching (Mall et al., 2021). Additionally, it has been
shown that curriculum-compliant teaching in natural settings can lead to
comparatively increased (facets of) social relatedness (Dettweiler et al.,
2017), which could be a result of those new or intensified opportunities for
social interaction. Undoubtedly, however, there is still a great demand for
further studies on this promising topic (Becker et al., 2017).

The central assumption of this study is that EOtC, due to its integration
into natural environments, as well as the utterly changed teaching situation,
enables not only the implementation of new forms of social interaction, but
also more social interaction. This could be captured by the numerical
number of classmates with whom a particular child interacts in the context
of school or class. Change in social interaction in turn could have an impact
on the experience of social relatedness and friendships. In the present study,
we therefore aim to map social relatedness and the structure of friendships
in addition to assessing social interaction in the class, which represents a
novelty in EOtC. We pursue the approach of viewing these social constructs
not as factors or mediators for other behaviors but as the main outcomes,
which in this context is still rare. In summary, we hypothesize that the
introduction of EOtC in natural environments could lead to intensification
and restructuring of the network of social interaction in a school class,
which is the main focus in this article. With that, also changes over time in
social relatedness, as well as friendships seem reasonable. Furthermore, it
seems possible that, due to the preference of same-gender interactions in
children and adolescents (Maccoby, 1988; Shrum et al., 1988), gender can
also influence their social interaction. This, in turn, is of scientific interest
given the relevance of engagement with other genders for child development
(Ridgeway and Smith-Lovin, 1999; Perry et al., 2019). Additionally; place of
residence could also be relevant. This assumption is partly due to the special
situation regarding many secondary schools in Germany: When children
move from primary to secondary school, this often involves a change of
location, as secondary schools are often located only in (larger) cities, so
that children from rural areas have to be transported here. This means that
children from different cities and villages come together in secondary
school. We assume that children who, for example, move from the same
village to the same secondary school at the same time have a closer
connection because they share their way to school or they may have already
been to elementary school together.

TABLE 1 Schedule of an exemplary EOtC-day.

10.3389/fpsyg.2023.1031693

This study aims to investigate the following central hypothesis: (a)
The students within a EOtC class show increases in social interaction
over time, which go beyond those changes in a comparison class without
EOtC. Additionally, this study explores the interrelations of those
changes with other social factors. Therefore, two sub-hypotheses are set
up: (b) There is a co-evolution of the changes of social interaction and
social relatedness and friendships over time in both classes; (c) Gender
and place of residence partly explain the positions of actors in the
network in both classes.

2. Materials and methods
2.1. Intervention

In this study, a class with EOtC is compared to a class without
EOtC. In the following, it is described how EOtC was implemented at
the cooperating school and how the environment the EOtC took place
at can be characterized. Please see also Table 1 for a detailed schedule of
an exemplary EOtC-day.

Although the forest used for the EOtC is accessible from the city and
the school within approximately 15-20 min walking distance, it can
clearly be classified as a natural space or natural environment following
consolidated definitions within the field of outdoor play, learn, and teach
(Lee et al., 2022). On the fixed EOtC day during our study, the students
and two teachers first met in the school building. There, attendance was
checked and, if necessary, important instructions for the day were given.
Then, the class set off on foot into the forest. Often the students talked
among themselves or with the teachers or played little games on the way
there. However, there were no organized activities along the way. After
a few meters in the residential area, the path the class used was
characterized by agricultural land and open meadows. Once in the
forest, the class was divided to be taught initially for two school hours
(90 min) in one subject and, after a change of groups, in a second subject
(90min) by the two accompanying teachers. In the case of this
investigation, the subjects were German and Biology. The learning site
visited in the case of this study is a forest with old trees and unstructured
vegetation that, apart from the usual forest management, is left in its
natural state. The lessons did not take place in a clearly defined outdoor
classroom. Accordingly, there were no benches or a blackboard. The

Schedule Content Environment

7.55-8.15am EOtC class and two teachers meet at school; check for attendance; important announcements School building or grounds

8.15-8.30am Walking from school to the natural environments nearby the city Residential area, agri-cultural land and meadows

8.30-8.35am Arrival at forest; class splitting up (half of the class with one teacher each); arrangement of a Natural environments like forest, clearings and
meeting point meadows

8.35-8.45am Groups walking to the specific places of teaching; preparation of the teaching materials

8.45-10.15am Teaching in the subject of German or Biology; shorter breaks

10.15-10.45am Walking back to the meeting point; longer break

10.45-10.55am Walking to the specific places of teaching; preparation of the teaching materials

10.55am-12.25pm Teaching in the subject of German or Biology; shorter breaks

12.25-12.35pm Walking back to the meeting point; check for attendance Natural environments like forest, clearings and meadows
12.35-12.50 pm Walking back to school together (whole class with both teachers) Residential area, agri-cultural land and meadows
Approx. 12.55pm Official closing of the school day School grounds
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lessons were realized in different places where the children sat or stood
on tree trunks or on the ground and it was the responsibility of the
respective teacher how he or she organizes the lesson - e.g., whether
movement breaks were specifically built in or special social forms were
used. After those two different lessons, the group walked back to the
school building together, where the school day ends.

2.2. Participants and procedure

Two fifth-grade classes of a German public school participated in
this study (N=50). The school cooperating in this study has one fifth-
grade class that received at least 4h of curriculum-compliant schooling
in the nearby forest [EOtC class; n=24 (female=45.8%)] for the whole
school year at one fixed day of the week (first year of conducting EOtC
at that school). The comparison class [#=26 (female=46.2%)] received
only indoor teaching. Students of the EOtC class came from five
different places of residence in and around the city where the school is
located. In the comparison class, there were six different places of
residence. Since the class assignment depends on the registration of the
parents of their children in the respective class, no randomization could
be carried out. We conducted our surveys at this school at two time
points during the 2019/2020 school year: One month after the beginning
of the school year (to wait for a certain period of acclimatization in the
new class at the beginning) (T1) and after 5months (T2). Due to the
pandemic-related school closures, the planned third time point at the
end of the school year could not take place. This article is part of a larger
research project.’ First results concerning school motivation, health-
related quality of life, and the satisfaction of basic psychological needs
are published elsewhere (Ellinger et al., 2022a). The differences in the
sample size of the two studies result from different methods applied in
both studies. The partial secondary analysis of basic psychological needs
(social relatedness) is based on the different research questions of
the articles.

2.3. Instrumentation

2.3.1. Social interaction

We developed our own questionnaire to collect data on social
networks, following common practices (Borgatti et al., 2018). The
questionnaire contained two different initial questions and a class list for
each question. The students were asked to tick all the students on the
lists to whom the initial questions applied. The questions asked were: (a)
With whom do you regularly learn and work during the lessons? (b) With
whom do you regularly play during the school breaks? For the EOtC class,
the questions were phrased to refer explicitly to EOtC, the comparison
class answered the questions in terms of normal indoor lessons.
We understand these questions to represent social interaction and act as
the basis for our network data (network questions).

2.3.2. Social relatedness

We used a German translation of the Basic Psychological Needs Scale
(BPNS; La Guardia et al., 2000; Hanfstingl et al., 2010) to assess social
relatedness using a 5-point Likert scale (e.g., I have a good relationship
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with my classmates). Social relatedness (Cronbach’s a=0.77) is one of the
subscales of the BPNS; the results of the other subscales were not of
interest for the present analysis and were therefore not included in the
analysis. The factorial validity of the BPNS and its subscales has been
frequently addressed in the past and is in general well-supported both
theoretically and statistically [CFI (comparative fit index), TLI (Tucker-
Lewis index) >0.95; Deci and Ryan, 2000; Wang et al., 2019]. Following
the recommendations by the authors of the statistical method used (cf.
the following chapter Statistical data analysis), the raw values of social
relatedness were divided into seven even categories (Nynke et al., 2019).

2.3.3. Friendships

We also asked the students which of their classmates they would
describe as a friend. With this information, we calculated the total
number of friends (friendships) and the proportion of mutually declared
friendships (mutual friendships). We divided those into three categories
(I=one is nominated as a friend by more than 20% more classmates
than the other way around [meaning, the corresponding person is
perceived as a friend by more classmates, as he or she would refer to as
a friend], 2=one is nominated as a friend by about as many [+/— 20%]
classmates as the other way around, 3 =one is nominated as a friend by
more than 20% less classmates as the other way around). With that,
we managed to receive three groups about the same size. This
categorization is not intended to indicate a qualitative classification but
to facilitate the interpretation of the results.

We consider, that social relatedness and (mutual) friendships
complement each other to capture an overall impression of perceived
embeddedness in the social structure of the class: One representing
more the feeling of inclusion, independent of the number of personal
contacts (social relatedness) and one the quantitative measurement of
the number of a certain type of social reference persons (friendships).
In addition, we assessed the age, gender, and place of residence of the
participants in a demographic questionnaire.

2.4. Statistical data analysis

In our analysis, the relationship structures generated from the
answers to the network questions represent the networks themselves.
This means that if person A has indicated that he or she works together
with person B during lessons, there is a connection (edge) between
person A and B (nodes) in the logic of a network. Thus, a network for
the whole class results from the totality of the answers of all students.
We treat social relatedness and (mutual) friendships as dynamic
attributive variables of the students while defining gender and place of
residence as static attributes and covariates. We set up four models, two
models each for the EOtC and comparison class representing the two
network questions regarding interaction during lessons and breaks.

There are currently two different main approaches for the purpose
of statistical network analysis. “Random Exponential Graph Models”
(ERGMs) are well-suited to test for the randomness of realized
connections in a cross-sectional network analysis (Shumate and
Palazzolo, 2010). This means that ERGMs check whether connections
in the overall network occur particularly frequently between persons
who have the same characteristic of interest (e.g., gender). “Stochastic
Actor-Oriented Models” (SAOMs) are feasible for longitudinal network
data combined with additional dynamic variables (Ripley et al., 2012).
SAOMs therefore combine ERGMs with a temporal component that can
also determine randomness (or over-randomness) of connections over
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a certain period of time. Compared to ERGMs with temporal extension,
SAOMs have certain advantages and disadvantages, the relevance of
which depends on the type of data collected (Block et al., 2019).

For our analysis of hypotheses (a) and (b), we used the R-package
RSiena for constructing SAOMs. As key-figures in order to address
hypothesis (a), we calculated density, diameter, clustering
coefficients, and similarity index. Those are central metrics for
gaining an impression of the overall constitution of a network. Since
the two classes are almost identical in size and also largely
homogeneous in terms of age and gender composition, these
parameters can subsequently also be used to compare the results of
the EOtC class with the comparison class. We assume that the
inclusion of different parameters allows a deeper understanding of
the network structures in comparison if only a single metric would
be included. To address hypothesis (b), co-evolutional associations
(degree and dense triads) were tested. We checked whether the
number of the realized edges of a person (degree) correlates with the
calculated value of social relatedness and the number of friendships
over time. Please see Table 2 or respective basic literature (e.g., Luke,
2015) to clarify these key terms in interpreting social networks. In
network analysis, hypotheses like hypothesis (c) are referred to as
“homophily” hypotheses, as they test whether nodes that share the
same characteristics in relevant aspects (in our case: characteristics
of gender and/or place of residence) tend to interact more closely or
more often. To address hypothesis (c), we constructed ERGMs using
the R-package ergm (Hunter et al., 2008). We conducted separate
analyses for T1 and T2.

10.3389/fpsyg.2023.1031693

3. Results

In terms of density, a strong decrease in social interaction during
lessons from T1 (0.26) to T2 (0.22) can be observed in the EOtC class
(cf- Table 3), which runs contrary to hypothesis (a) and the trends in the
comparison class (T1: 0.2; T2: 0.22). However, a strong increase in
density is observed concerning social interaction during breaks from T1
(0.3) to T2 (0.36) in the EOtC class, whose relevance is also underlined
by statistical significant results of the SAOM analysis regarding
—1.02; SE=0.53; p<0.05)]. The
values in the comparison class regarding social interaction during
breaks drop slightly (T1: 0.33; T2: 0.31). Measured by the Jaccard
similarity index (Snijders et al., 2010), both groups show moderate

associations over time [cf. Table 4 (f

stability over time in the respective forms of interaction. There is an
apparent network fragmentation in social interaction both during
lessons and during breaks, which complicates the interpretation of the
diameter and the clustering coeflicients (Luke, 2015). Please see the
up-coming section regarding gender homophily for more information
on those fragmentations.

In calculating the models concerning hypothesis (b), excellent
t-ratios as an indicator for convergence of the models were found in
72.2% of the calculated effects, 27.8% have to be described as reasonable
based on established recommendations with no specific pattern
occurring (Ripley et al., 2012). In our analysis, we found initial evidence
that in EOtC, measured by transitivity, there is a structural tendency to
form groups concerning social interaction during lessons (f=0.27;
SE=0.13; p<0.05) and breaks (f=0.54; SE=0.23; p <0.05) over time, as

TABLE 2 Central terms in the interpretation of a social network and their meaning.

Degree

our study.

The degree indicates how many connections a node/actor in total has to others in the network. In most networks, a higher degree is considered better
because it increases integration in the network. This has to be assessed differently if the recorded interaction is classified as negative (e.g., bullying).

Whether, in our case, higher degree is also associated with higher social relatedness (and thus would be considered clearly positive) is to be tested in

Density

degree, on its associations with further parameters.

The density of a network indicates the proportion of how many of the maximum possible connections are realized between the nodes/actors. As a
result, possible values range from 0 to 1. These are not standardized values, so a difference of 0.2 should be interpreted differently in a particularly dense
network (e.g., insults between siblings) than in less dense networks (e.g., insults between work colleagues). Similar to the degree, a higher density is

desired in most cases and can, therefore, be classified as better. In our case, the classification as “good” for a higher density depends, analogously to

Diameter

For a network, it is important how many intermediate steps (other nodes/actors) connect each node/actor to every other node/actor, whereby a small
number is considered as better. In order to determine the diameter of a network, a two-step procedure is followed. For every actor, the minimal
distances (via the existing edges) to reach each of the other actors are identified. The longest of these minimal distances then represents the diameter.
Since this is about absolute and not relative numbers, a comparison only makes sense if the networks to be compared have (roughly) the same number

of nodes/actors. In our case, for example, a lower diameter could imply that lesson-relevant information reaches all students more quickly.

Clustering coefficient,
transitivity, and dense

triad

show different values and even different tendencies.

The calculation of clustering coefficient, transitivity, and dense triads provides information (probability between 0 and 1) about whether the nodes/
actors in a network tend to form groups (meaning: A being connected with B and C also implies a high probability of B being connected with C). High
values indicate that there is increased clique or triad formation. Depending on the background of the network, this can be assessed as positive or
negative. As the children in the EOtC are able to interact more freely with each other, it seems possible that this will either lead to the strengthening of
existing groups or to a break-up of them. It is important to note that the calculation of the clustering coefficient (based on clustering for each node) on

the one hand and transitivity and dense triads (proportion of triangles compared to total number of connected triples), despite their similarity, can

Similarity index

Corresponding values provide information about how similar two networks are. The possible values range from 0 (no similarity) to 1 (identical
networks). This could mean two networks of different groups or, like in our case, the same network at two different time points. In that case, one could
also talk about a “stability index.” While the density only allows a statement to be made about the proportion of realized connections, the similarity
index also considers whether the same nodes/actors remain directly connected over time. Thus, it is possible to have an unchanged density and low

similarity at the same time. Therefore, similarity index and density represent important complementary indicators.
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also illustrated by the results in Table 4. Given the other results
presented, our analysis cannot confirm the existence of co-evolutional
associations between the two forms of social interaction on the one hand
and social relatedness and (mutual) friendships on the other. Our
results, as shown in Table 4, suggest that models 3 and 4 (comparison
class) show higher standard errors than models 1 and 2 (EOtC class).
Looking at gender homophily regarding hypothesis (c), strong
associations for social interaction during the lessons at T1 within
students of the same gender are apparent for EOtC class (f=3.85;
SE=0.43; p<0.001). For comparison group, that is evident for both
during-lesson and during-break social interaction and both time points
(Lessons T1: f=2.82; SE=0.32; p<0.001; Lessons T2: f=2.81; SE=0.3;

TABLE 3 Network parameters.

10.3389/fpsyg.2023.1031693

p<0.001; Breaks T1: f=3.50; SE=0.28; p <0.001; Breaks T2: f=3.53;
SE=0.29; p<0.001). This is also illustrated in Figures 1 (social
interaction during lessons), 2 (social interaction during breaks). Please
also see Table 5 for the full results. The EOtC class shows several times
that a calculation of gender homophily is not possible. This is because
the corresponding networks fragment, and none of these fragments
show more than one characteristic - in this case, gender (cf. Figures 1,
2). This means that the formerly connected network of the whole class
has become two separate networks — one consisting only of boys, one
only of girls. In substance, this is to be evaluated as evidencing even
stronger homophily than could be expressed by statistical significance.
This also applies to the results regarding hypothesis (a) presented above.

Education Outside the Classroom Comparison
Density DM CC Density DM
Model 1 (Lessons) Model 3 (Lessons)
T1 0.26 6 0.67 0.20 5 0.47
T2 0.22 X/3%* 0.56 0.22 5 0.41
0.467 0.448
Model 2 (Breaks) Model 4 (Breaks)
T1 0.30 X/3% 0.74 0.33 4 0.64
T2 0.36 X/3% 0.84 0.31 4 0.68
0.655 0.522

Density (Density), diameter (DM), clustering coefficient (CC) and Jaccard similarity index (JSI) for both groups (Education Outside the Classroom, Comparison) at different time points (T1, T2);

Models 1 and 3 concern the interaction during the lesson, models 2 and 4 the interaction during the breaks in the corresponding group.*In the case of fragmentation of the corresponding network

(X), the diameter of the largest fragment was calculated instead.

TABLE 4 Results of testing for structural effects and co-evolutional associations over time.

Education Outside the Classroom

B

Comparison

B

Model 1 (Lessons) Model 3 (Lessons)
Transitivity 0.27 0.13 * Transitivity 0.34 0.26 -
Density -1.02 0.53 - Density 1.06 0.62 =
SR Degree 0.34 0.70 - SR Degree —-0.33 1.19 -
Dense Triads —0.12 0.18 - Dense Triads 0.19 0.80 -
Friends Degree 0.02 0.21 - Friends Degree 0.01 0.44 -
Dense Triads 0.01 0.05 - Dense Triads —-0.01 0.21 -
MEC Degree —0.11 0.40 - MEFC Degree —-0.35 3.76 -
Dense Triads 0.06 0.20 - Dense Triads 0.49 2.78 -

Model 2 (Breaks) Model 4 (Breaks)
Transitivity 0.54 0.23 * Transitivity 0.38 0.58 -
Density 1.88 0.43 * Density —1.68 1.59 -
SR Degree 0.53 0.51 - SR Degree 0.50 4.05 -
Dense Triads —0.11 0.08 - Dense Triads —0.14 0.89 -
Friends Degree 0.53 1.13 - Friends Degree 0.04 0.74 -
Dense Triads —0.09 0.23 - Dense Triads —-0.01 0.33 -
MEFC Degree 0.61 3.96 - MEC Degree 0.74 5.33 -
Dense Triads —0.16 0.91 - Dense Triads —0.06 1.95 -

SR, social relatedness; Friends, friendships; MFC, mutual friends category for both groups (Education Outside the Classroom, Comparison); § = Estimates; SE = Standard error; p = Significance at
the corresponding level (* <0.05); Models 1 and 3 concern the interaction during the lesson, models 2 and 4 the interaction during the breaks in the corresponding group.
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In the case of residence, significant associations emerge only in the
comparison class concerning social interaction during lessons at T2
(B=0.68; SE=0.25; p<0.01).

4. Discussion

Without a doubt, EOtC must be seen as an investment and not a
matter of course in the context of traditional public schools in Germany.
This concerns only secondarily financial aspects, but primarily an
organizational investment. In sum, the school and the teachers involved
have to invest time (e.g., adapting the lessons to the new learning
location and travel times) and teaching load (often two teachers for one
class) in order to implement the concept. The possible outcomes - or
return-on-investments - are, in the best case, positive changes in
students and/or teachers. These could relate to learning, health,
environmental behavior and much more (Becker et al., 2017). Whether
the return on organizational investment is sufficient to justify the
concept is at the discretion of the school and the actual effort involved
in implementing it. As classroom processes as well as social interaction
were only rarely focused on in research on EOtC, we contribute to a
deeper understanding of those with the results of our social network
analysis. We will discuss those results and how to increase the return-
on-investments in EOtC, as well as point out future research implications
based on learnings from this study.

4.1. Changes in social interaction

Since we observed a decrease in density regarding social interaction
during lessons over time in EOtC, but an increase in social interaction
during breaks and exactly the opposite tendencies in the comparison class,
no clear pattern in favor of the EOtC class can be derived from the present
models. The observed trends in the EOtC lessons are surprising
considering the existing literature on the influence of natural environments
in general and EOtC in particular on social facets (Bolling et al., 2019;
Putra et al., 2020). The observed increase in density in social interaction
during the breaks in EOtC initially underlines opinions that are based on
the assumption that free play in natural spaces positively influences
children’s cooperation (Tremblay et al.,, 2015). Based on the values of the
clustering coefficients (cf. Table 3) and longitudinal transitivity results (cf.
Table 4), there appears to be a substantial degree of grouping in the EOtC
class. This is in line with previous impressions of social exclusion in EOtC
in qualitative studies (Jorring et al., 2019). Previous studies also indicated
that existing or missing didactical concepts or guidelines should be taken
into account when interpreting results with regard to EOtC in any case
(Mygind, 2009; Hartmeyer and Mygind, 2016). Following this, in this case,
processes could even occur that favor segregation: EOtC is at least in
Germany a relatively new concept, and often initiated as an “educational
experiment”” This often leaves teachers with some uncertainties (Barfod,
2018), which could also apply to this case as the studied school year was
the first-ever with EOtC being implemented at our cooperation school.
Accordingly, the focus is often on the successful delivery of the lesson and
less on the targeted mixing of the class. This in turn could lead to teachers
leaving the children to organize themselves into groups, which could
result in certain group structures being strengthened and established even
more, rather than promoting the formation of new interactions. In this
respect, a comparison can certainly be drawn with the situation of young
teachers in the transition from the “Referendariat” (final practical part of
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teacher training in Germany) to actual teaching work in the school. Here,
too, it can be observed that disruptions (which do occur frequently in
reality) of the ideal-typical lesson lead to a focus on the superordinate
organization of the school lesson and that desirable didactic requirements
(e.g., the promotion of social exchange) are pushed into the background.
Consequently, the implementation of these would only be sought again
when a certain level of self-confidence in teaching is perceived by the
teacher (Micthling, 1986). Teachers may face a similarly new situation
when they take the step of implementing EOtC for the first time.
Therefore, it remains to be noted that even in a teaching concept that, like
EOtC, makes it increasingly easy to use cooperative forms of learning, the
integration of possible outsiders does not happen naturally. This
conclusion is also in line with other empirical findings and theoretical
considerations regarding integration and inclusion in schools (Koster
et al., 2009).

In summary, it can be stated that despite the (partly) high
organizational investments and the favorable framework conditions in
a natural environment, it is not given that expected effects will actually
occur. With regard to increases in social interaction, we consider nature-
based learning to be a great opportunity, but we also point out the
necessity that concepts such as EOtC are not “self-propelling,” but also
require concrete didactic-pedagogical principles and guidelines.

4.2. Interrelations with other social factors

In this study, we considered the relationships between social
interaction and two social facets that have manifold relevance at the
psychosocial level but differ in their substantive meaning: Social
relatedness as a highly individual and non-standardized feeling of
inclusion in the class on the one hand and the number of (mutual)
friendships as a purely quantitative representation of social contacts (of
outstanding importance) on the other hand. Contrary to hypothesis (b),
there are no indications based on our analysis for a substantial
co-evolution between the network parameters of social interaction and
social relatedness and (mutual) friendships. Thus, the analysis of our
sample does not immediately imply that there is a direct association
between social interaction and, for example, perceived social relatedness
on an individual level over time. Those results apply for both groups. The
first network question particularly targeted classroom interaction during
the lessons, which can be understood as social interaction. However,
social interaction during lessons may be much more related to learning
or academic effects than to psychosocial effects such as social relatedness.
Suppose one were to understand this question more as an inquiry into
cooperative learning in the classroom. In that case, a variety of possible
effects on facets of school motivation, cognitive activation, and academic
comprehension in students could be identified from empirical research
(Gillies and Ashman, 2000; Hanze and Berger, 2007; Fernandez-Rio et al,,
2017), but only very rarely on social facets such as bullying (Van Ryzin
and Roseth, 2018). Nevertheless, based on previous research we assumed
that those cooperative forms of learning might affect social factors
(Roseth etal., 2008). In the future, it should be carefully considered which
processes the asked questions explicitly address and with which other
parameters an association seems possible. However, this explanatory
approach does not apply to the social interaction during breaks, as
we suspected playing with peers to be fundamentally relevant to social
relatedness - a field of research that still offers great potential for future
studies. Unfortunately, we do not have any information on how the breaks
were organized in the EOtC and the comparison class, which makes
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FIGURE 1

Visualized networks taking gender into account (red represents female students, black represents male students); the size of the dots reflects the degree of
connections; the length of the lines does not communicative substantive information; (A) Interaction during lessons in EOtC class, (B) Interaction during
lessons in comparison class; T1=first time point; T2=second time point.
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FIGURE 2

Visualized networks taking gender into account (red represents female students, black represents male students); the size of the dots reflects the degree of
connections; the length of the lines does not communicative substantive information; (A) Interaction during breaks in EOtC class, (B) Interaction during
breaks in comparison class; T1=first time point; T2=second time point.
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TABLE 5 Results of testing for homophily effects.

10.3389/fpsyg.2023.1031693

Education Outside the Classroom Comparison
B SE P B SE P
Model 1 (Lessons) Model 3 (Lessons)
T1 Gender 3.85 0.43 ok Gender 2.82 0.32 ok
Residence 0.26 0.25 - Residence 0.27 0.28 -
T2 Gender X X X Gender 2.81 0.3 ok
Residence —55.8 -2.77 - Residence 0.68 0.25 ok
Model 2 (Breaks) Model 4 (Breaks)
T1 Gender X X X Gender 3.50 0.28 ek
Residence 0.12 0.24 - Residence —0.32 0.26 -
T2 Gender X X X Gender 3.53 0.29 ek
Residence —-0.15 0.24 - Residence —0.09 0.26 -

Gender and place of residence (Residence) for both groups (Education Outside the Classroom, Comparison) at different time points (T1, T2); B, estimates; SE, standard error; p = Significance at the
corresponding levels (Codes: *#* <0.001; #*<0.01; *<0.05); Models 1 and 3 concern the interaction during the lesson, models 2 and 4 the interaction during the breaks in the corresponding group;
X =Not possible to calculate a value for the class as a whole because of fragmentation of the corresponding network.

further explanations very difficult. Such a classification and description
of the social situation should be enabled and considered in future studies.

Concerning hypothesis (c), the results indicate strong gender
homophily in both groups for both forms of social interaction, which in
the case of the EOtC class even seems to be causal for a fragmentation of
the network (c¢f. Figures 1, 2). In general, these results are in line with
earlier findings suggesting the importance of having the same gender for
the initiation of friendship relationships in childhood and adolescence
(Shrum et al., 1988; Block and Grund, 2014). Similar results of the
comparison class point to distinctive homophily concerning gender in
both forms of social interaction. However, in contrast to the EOtC class,
this does not lead to network fragmentation. On the contrary: An increase
in the density of social interaction in the comparison class can be observed
during lessons, even if corresponding intensifications could not be proven
for social interaction during the break. One possible reason for this could
be the character of the comparison class. It is for this class to get 45 more
minutes of physical education (PE) per week than the other classes, as this
class is part of a special school program (PE-profile). This additional
lesson of PE was conducted co-educationally, meaning mixed between
genders, in contrast to the regular PE lessons. Earlier, the mixing of
genders in PE was discussed as being worthwhile (Hills and Croston,
2012), even though a solid scientific basis on the influence of a
co-educational approach on social interaction is still lacking. However, it
is also explicitly anchored in the curriculum and pedagogical paradigm
in the region of our cooperation school that co-educational PE should
be utilized to promote gender interaction (Ministerium fiir Kultus, Jugend
und Sport Baden-Wiirttemberg [Ministry of Education, Youth and Sports
Baden-Wiirttemberg], 2016). The observed tendency for the genders to
be more closely intertwined in the comparison class may be due to this
pedagogical paradigm. An equivalent claim of gender interaction does
not yet exist for EOtC. Instead, a similar mechanism could come into play
here as it has been cited for the changes in social interaction before. The
teachers’ focus at our cooperation school might have been primarily on
the successful delivery of the lessons. This may have led to students
organizing themselves in the context of group work, for example. This, in
turn, may have consolidated already existing groups, as reflected in the
results of this study as well as a study by Jorring et al. (2019).

It also seems conceivable that the observed effects of homophily
with respect to place of residence in the comparison class are due to their
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affinity for sports: Often, students in PE-profile classes have a relevant
sports biography - e.g., many years of membership in sports clubs - as
they or their parents actively opt for that school profile. Given the
described considerations regarding a closer relationship of the students
who come from the same village and possibly already interacted with
each other in sports clubs there, these effects could be due to this and
apply more to the students within the comparison class.

4.3. Limitations and future research
implications

We examined EOtC in natural environments as a feasible long-
term concept in terms of different facets of social interaction as
outcomes. With that, new insights could be gained for research in this
area. Subsequent investigations should be aware of and address the
limitations and learnings derived from this study. In this study
we compared the results of the EOtC class with those of a comparison
group that has special characteristics (PE-profile), which offers
additional approaches for the interpretation of the results. In the future
nevertheless, it would be worthwhile to proceed in a similar way with
areal non-treatment group. Second, the sample size must be considered
small, which could be the reason for the variance in the level of
standard error when comparing the models. However, in this context
(examination of complete and closed school classes), it can also only
be expanded to a limited extent. It should therefore be examined which
strategies exist to enlarge the sample or which statistical approaches
could be considered in the future to compensate for this weakness
[e.g., Bayesian estimations (Farine and Strandburg-Peshkin, 2015)]. In
addition, there are the previously described concerns about the validity
of the network questions. Pilot testing could help remedy this in the
future. Finally, consideration should also be given to whether certain
network data (e.g., social interaction during lessons) could be collected
more objectively, for example, through observations by an external
person or by electronic sensors. This would help to avoid possible bias
due to social desirability. A comparison of this data with qualitative
interview data would offer the chance of great insights - e.g., whether
the observed developments from the perspective of the teachers are
due to the strong influence of individuals or tendencies of the entire
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group. In particular, observations would also include the opportunity
to test the assumptions about the organization of the school hours
(e.g., for example, the use of certain social forms in the EOtC). In a
larger follow-up study, consideration should also be given to grading
the networks’ interactions in terms of intensity, frequency,
and reciprocity.

5. Conclusion

There is no doubt that both natural environments and the
characteristics of EOtC concepts itself make it possible to realize new
and intensified forms of social interaction. However, based on our
results, but also those of previous research, it also appears that this
realization and intensification of social interaction because of EOtC
should not be mistakenly assumed as an automatism. On the contrary,
under certain circumstances, the frequently observed and praised
freedom of choice for students in EOtC or other nature-based
educational and learning concepts might lead to a solidification of
existing contacts and groups, as well as the social exclusion of
individuals. From our perspective, in addition to the need for
methodologically well-constructed research, there is also a high
demand for the development and evolution of specific didactic
frameworks for EOtC and other nature-based forms of teaching and
learning. In countries in which EOtC historically and currently plays a
larger role (especially in Scandinavia), corresponding concepts have
already been adopted in ministerial recommendations. In other
countries such as Germany, where the concept is still rarely used, there
is a lack of such. Last but not least, the example of the PE-profile shows
that objectives that go beyond academic learning-e.g., in terms of social
factors—can be effectively anchored in official recommendations. Only
under these conditions there seems to be a possibility that EOtC as a
social situation in natural environments can unfold its full potential in
terms of social interaction and thus hold a return on investment that
justifies a consequent dissemination of the concept.
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