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In this work we use complex systems methodologies to analyze quantitatively the impact of an intervention involving cooperative
and self-awareness activities on social interactions in children. The aim of this study is to evaluate behavioral plasticity of social
relationships between peers in 6-7 year-olds who participated in the intervention conducted in a school context. The intervention
consisted of 8 one-hour long sessions comprising mindfulness-based practices, collaborative activities that required cooperation,
and perspective-taking instances in which children shared feelings, perceptions, and needs felt during the activities. We used
complex network and game theory to evaluate pre-post-intervention variations. Social relationship was analyzed with a sociogram
in both the intervention group and a control group which continued with regular classes. By means of the sociometric questionnaire
we asked each child to mention which classmates he/she would choose as playmates and which he/she would not. Changes in the
number of peers selected and rejected reflected changes in the pattern of social relationships pre-post-intervention. Our findings
show that participating in the intervention positively modulated social interactions since we found an increase in the diversity and
quality of positive links and a reduction in negative ones; a higher level of integration, indicated by enhanced positive networks
where children with many positive connections tended to connect with those with few links; and more positive interactions
between genders. These findings were not observed in the control group. Through the use of the mentioned methodologies, the
current investigation provides new quantitative evidence of social network plasticity in children, an important topic which, to
our knowledge, has been little studied. Results from this work indicate that positive transformations in social relationships can be
fostered through the performance of this kind of intervention.

1. Introduction

It is increasingly clear that social and individual dynamics,
as for example in children, involve complex interactions
embedded in networks, where information flow creating
emergent properties that can be studied using different quan-
titative techniques, as nonlinear science, network analysis,
information theory, etc. [1]. Behavioral plasticity in terms of
prosocial attitudes, i.e., changes in prosocial behavior that
result from experience, has been recently demonstrated in
young children (e.g., [2-4], Lozada, 2014; [5-7]). Several
investigations showed that children display a great ability

to modulate their behavior when they experience situations
involving empathic concern, caring for others, cooperative
activities, etc. In particular, emotional resonance between
self and other enables the emergence of empathic concern
[8, 9], which has been defined as the affective response
related to the understanding of another’s emotional state [10]
and is a necessary condition for prosocial attitudes [11-15].
Interestingly, it has been observed that behavioral changes
associated with prosocialness, positive social relationships,
and emotional regulation are also accompanied by favorable
effects on physical and psychological well-being (e.g., [3,
6]). Numerous investigations have shown that empathic
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concern for others and social network diversity can foster
healthy states ([16-19], Pace et al. 2010, 2012; [20]). It has
been proposed that social relationships protect physical
health and well-being (e.g., [21-23]). Several researchers have
demonstrated a relationship between social network size and
diversity (social network structure) and the functioning of
the immune system [24, 25] and HPA axis activity (e.g., [26—
28]). Supportive social networks and positive relationships
can act as a buffer against the potential negative effects of
stressful events (e.g., [29, 30]). Growing evidence emphasizes
the role of peers as buffers against stress in children [31-
33]. Consistent with this, it has been found that altruism
in human beings, which involves behaviors such as helping,
sharing, comforting, and informing, tends to occur beyond
reciprocity, kinship, or reputation in a higher proportion than
predicted by evolutionary theory [34, 35]. This highlights the
relevance of prosociality in human beings, suggesting that
consideration for others can confer benefits not only on the
receiver but also on the giver. In line with this, altruistic
motivation has been shown to emerge at an early age; it
has been observed that 18-month-old children spontaneously
help nonfamiliar individuals [36, 37] and show empathic
concern for those in distress [38, 39]. Interestingly, it has been
found that children of less than 2 years of age exhibit greater
happiness when sharing with others than when receiving
treats themselves [40], and that babies of 3 to 10 months prefer
helping situations to neutral or hindering ones [41, 42]. The
above-mentioned investigations reveal the early emergence of
prosocial attitudes and confirm their beneficial effects.

It has been proposed that social cognition is inseparable
from processes of interaction with others (e.g., [43-45]).
That is, cognitive agents are not passive data collectors
who model the world, but active participants who enact
a world in close connection with others (e.g., [44-46]).
Therefore, social cognition involves not only understanding
others but also understanding with others [45, 47]. Behavioral
plasticity related to social interactions in children has been
analyzed by the application of activities, which seek to
promote relationship changes in controlled situations (e.g.,
[48]). Thus, observable changes are evaluated and compared
before and after participation in a specific intervention. In
earlier work with 6- to 7-year-old children we found that
interventions involving mindful and cooperative activities,
which favored self-connectedness and connectedness with
others, enhanced generosity between peers [49]. Therefore,
altruistic attitudes under anonymous conditions increased
after the intervention. Similarly, when this type of interven-
tion was performed in 7 to 9 year-olds, social relationships
between peers improved and stress levels also decreased
[48]. Other recent investigations showed that mindfulness-
based interventions in preschool children fostered good
health and social-emotional development [3]. In addition,
other programs of activities involving self-awareness prac-
tices and caring for others (e.g., cognitive-based compassion
training) favored prosociality, stress reduction (e.g., [6]),
empathic concern, compassionate attitudes [5], and emo-
tional regulation ([50], Flook et al., 2010; [51, 52]). Moreover,
cooperative play increased self-confidence, prosocialness,
and self-regulation in participants [53, 54]. These studies

Complexity

illustrate how mindfulness-based practices and cooperative
experiences can promote prosocial behavior and well-being
in children, highlighting the plasticity displayed at this early
age.

Little is known about how behavioral interventions have
the potential to change peer relationship networks in the
sense of increasing socialization. However, while some stud-
ies have analyzed intervention effectiveness in improving
peer relationships in children (e.g., [55]), few have proposed
the theoretical-methodological approach of social network
analysis to assess their effects (e.g., [56, 57]). It has been
proposed that social network analysis could improve ways of
testing the effects of behavioral interventions by considering
interdependencies of peers network data instead of taking
into account aggregation of individual characteristics (e.g.,
[57]). Social relationships in a group can be evaluated through
the sociogram, a sociometric parameter which depicts the
dynamics of social processes [54, 58, 59]. This trustworthy
tool describes the social network of each child in a group,
assessed by means of a questionnaire asking each child to
say which peers they want to play with, and which they
do not. When applying this measure in diverse instances
within a certain group, the dynamics of social interactions can
be assessed. Since this measure also identifies antagonistic
interactions within a group, social exclusion and social
integration can be recognized. Consequently, this measure
illustrates social links within a group of peers, contributing
to our understanding of the complexity and dynamic nature
of children’s social networks.

In the present work, via a case of study, we aim to further
study the impact of experiences, which involve mindfulness-
based practices and cooperative activities, which increase
awareness of themselves and of others, on social interac-
tions in 6-7 year-olds. Considering the beneficial effects of
prosocial behavior, along with the behavioral malleability
of this age, we evaluate social network plasticity in a for-
mal education context. We carry out a short intervention,
which consisted of 8 one hour long sessions comprising:
mindfulness-based practices, collaborative activities, and
perspective-taking instances that has previously proven to
favor prosocialness between peers of this age (see, for exam-
ple, [49]). Social network configuration is compared before
and after the intervention in both an experimental and a
control group. We expect to find that participation in the
intervention will bring about an increase in the quality and
diversity of positive social relationships between peers and
a decrease in the negative ones. These potential favorable
changes in the network configuration could support the
implementation of this kind of intervention in educational
settings which might improve social dynamics in children.

2. Methodology and Methods

2.1. Participants. This research was carried out with children
aged 6-7 in a public school. All participants were all in good
health, and there were no significant differences in body
mass index or socioeconomic level. One class was selected
at random as the experimental group, which included 24
participants (62.5% boys and 37.5% girls), and another class
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of 20 children (45% boys and 55% girls) formed the control
group (which followed the regular school program). In
the experimental group three researchers performed the
intervention once a week, accompanied by the class teacher.
The study was performed in accordance with the Helsinki
Declaration, and all procedures were conducted with the
written consent of parents and school authorities. The data
collected were treated under confidential conditions.

We first interviewed each child individually to evaluate
the sociometric parameter (see below). We then performed
an intervention program once a week for 10 weeks, during
which children carried out self-awareness practices and coop-
erative play and shared a moment of reflection. On conclu-
sion, we conducted a postintervention individual interview,
with the same content as the first.

By means of a sociometric questionnaire [54, 59] we
evaluated social connectedness previous to and after the
intervention in both experimental and control groups. In the
individual interviews, children were asked to say which peers
they would like to play with and which they would not like to
play with. That is, children’s answers referred to the name of
peers selected or rejected to play with (in order to determine
positive versus negative interaction links, respectively).

2.2. Intervention. The program consisted of sessions of
60 min each. Each one included three consecutive instances:
an initial stage of self-awareness practices, a second stage of
cooperative games, and a third stage of group reflection (as
in [48, 49]). The first instance included breathing techniques
and other mindfulness practices and exercises that involved
slow, deliberate movements that children could focus on
for several minutes. These practices helped children become
more aware of moment-by-moment experiences. The coop-
erative games entailed playing in a collaborative way in order
to achieve group goals, as conducted in Garaigordobil [54]. In
the final instance, the children were invited to sit in a circle,
and each child had the opportunity to express how they felt,
say which parts of the game they enjoyed most and whether
they preferred helping or being helped.

2.3. Social Network Analysis. We evaluated childrens net-
works comparing the pre- and postintervention sociograms.
Children’s networks are represented by graphs G(C, E) pro-
jected from the sociograms, where C is the set of children in
the class and E the set of links between them. These links can
be positive or negative, depending on the interaction between
the children. We performed a detailed network analysis at
different levels. At macrolevel, we computing metrics such
as the average connectivity of children, their in-degree and
out-degree (i.e., number of links arriving at a node and the
number of links that leave a node, respectively), the density
of the networks (i.e., proportion of existing links in relation
to possible links), and their community structure (i.e., set
of nodes that are more connected among themselves than
with the rest of the network), using the algorithm proposed
by Blondel, Guillaume, Lambiotte, and Lefebvre [60]. At
mesolevel, we compute the correlation connectivity between
children, using the degree assortativity, r, as the measure that
captures these correlations [61]. At microlevel, we studied

the triad configurations. According to Kadushin [62], the
triad is one of the most important motif classes in social
networks, since they represent the beginnings of a “society”
that is independent of the links between dyads. The role of
the children in these networks was also analyzed.

3. Results

3.1. Macroanalysis. We constructed negative and positive
networks, NN and PN, respectively, for the control and exper-
imental groups. NNs contain only links from a child (the
source) who does not want to play with another (the target).
In contrast, PNs are networks with links from children that
want to play with other children. For both kinds of network
we constructed two temporal graphs: one corresponding to
the results of the first interview (preintervention measure)
and the other to the second (postintervention measure).

Figure 1 shows the analysis of NNs and PNs before and
after the intervention in both groups. The figure is divided
into two: NN at the left and PNs at the right. In both parts,
again, two sections are plotted: the control group (left) and
the experimental group (right). For each group we plot the
parameter before and after the intervention. We observed
that, in the case of average connectivity, k, in NN, the
number of negative links was higher (15.56%) in the control
group in the second measure than in the first, with a mean
of 2.250 and 2.600, respectively. However, in the case of the
experimental group, this number was lower (39.34%) after
the intervention than before, with a mean of 1.542 and 2.542,
respectively. In the case of PNs, we observed that positive
links increased in both groups but in the experimental group
this increment was more marked (24.10%), with a mean of
10.375 and 12.875 before and after the intervention, respec-
tively, in comparison with the control group (8.18%), whose
means were 7.950 in the first measure and 8.600 in the second
measure. The statistical analysis comparing the average in-
degree before and after the intervention showed a significant
increase in PNs (f = -2.66, p = .014) and a significant decrease
in NNs (¢ = -2.326, p = .029) in the experimental group,
whereas in the control group no significant differences were
found between the first and second measure for either PNs (¢
=-.804, p=.432) or NNs (t = -.464, p = .648). The average out-
degree before and after the intervention showed a significant
increase in PNs (t = -4.678, p <.001) and a significant decrease
in NNs (t = 3.464, p = .002) in the experimental group.
In contrast, in the control group, nonsignificant differences
were found in PNs (¢t = -1.51, p = .14) and NN significantly
increased (¢ = -2.101, p =.049).

A similar pattern was found for network density. The NNs
of the control group were more “populated” with negative
links in the second measure (density index increased from
118 to .137) whereas the opposite occurred in the NNs of
the experimental group (density index decreased from .111
to .067). In contrast, in the PNs scenario, the population of
positive links increased more notably in the experimental
group (density index increased from .458 to .560) than in the
control group (density index only changed from .418 to .453).

The community structure shows that the control group
in the NN scenario decreases between the first and second



Control group

Complexity

Experimental group

10
% 5]
of
0.6 -
£ 04
g
L
S 0.2
0
g
E
z
4
g
O 21
H
0 T
Negative Network Positive Network
O Before
@ After

| il

Negative Network Positive Network

FIGURE 1: Network topological properties. Average network degree k (top), link density (mid), and number of communities (bottom), for
control and experimental groups for negative (left) and positive networks (right).

measures. This means that, in the second measure, the
negative links are less confined than before. The opposite
occurs in the experimental group where negative links seem
to be more confined in communities (more communities). It
is important to note that the students maintained, on average,
71.8% of their positive relationships after the intervention.
Also, 75% of the students with less positive relationships (than
the average) before the intervention increased their positive
preferences to 93.5% after the intervention. Only 28.5% of
those students with more positive relationships before the
intervention increased the number of their relationships,
and they did it on average only by 16.4%. Obviously, the
probability of choosing new positive relationships is lower
in this latter group. The remaining 71.4% of this group
maintained or decreased the number of positive relation-
ships, although in an insignificant way. In the PN scenario,
the number of communities increases in the experimental
group, suggesting that the network of positive links presents
a modular structure. The control group shows a similar
tendency but to a lesser extent.

3.2. Connectivity Correlation Analysis. We also developed an
analysis of the correlation between childrens connections
using the assortativity index, r, which is a measure that cap-
tures the correlation between node properties [61]. Thus, in
the scenario of symmetric connection (undirected network),
if densely/poorly connected nodes are connected to other
nodes with many/few connections, the network is considered
assortative, » > 0. On the other hand, if densely/poorly con-
nected nodes are connected with poorly/densely connected
ones, the network is disassortative, » < 0. If no correlation
is observed, r ~ 0, nodes do not have a link preference.
In the asymmetric connection scenario (directed networks)
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FIGURE 2: PN assortativity measure. r(gender) (top), r(out,in) (mid),
and r(k) (bottom) for control group (left) and experimental group
(right).

all types of assortativity can be computed for PNs and NNs:
r(in,in), r(out,in), r(in,out), and r(out,out) where the first
element in the parentheses indicates the degree of the source
node, and the second, the degree of the target node. We also
performed correlation analysis by gender link preference.
No clear results were obtained for correlations in NNs,
but we found some changes in the assortativity for PNs after
the intervention (Figure 2). In the case of gender correlation
we observed that, in the case of the control group, boys
choose boys and girls choose girls; the correlation is positive
(r > 0) before and after. However, in the experimental group
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gender correlation tends to disappear after the intervention
(Figure 2, top).

The effect of the intervention on integration can also be
observed in the correlation analysis for directed networks.
In the case of r(outin) we can observe that no change
occurred in the control group after the intervention; the PN
of the control group remained disassortative. However, the
PN of the experimental group changed from uncorrelated to
disassortative, suggesting the integration of children with few
positive choices (Figure 2, mid).

Finally, in the case of the degree assortativity r(k) for the
control group, it can be seen that no change was observed
at the second measure. However, in the case of the exper-
imental group after the intervention, the PN were clearly
disassortative; the correlation was observed; i.e., children
with many/few positive connections tended to connect with
those with few/many links (Figure 2, bottom).

3.3. Network Motif Analysis. Considering the direction of
edges, we can also explain the structure of the networks on a
local scale (child to child). In particular, we are interested in
motifs as local connection patterns such as functional units
like feed-forward and feedback loops. As an example, we
carried out our analysis looking for variation in the frequency
of four specific triad configurations for PNs and NNs. In PNs
we searched for configurations 210 and 300 (the last two triads
of Figure 3), whereas in NNs we focused on configurations
021U and 111D.

As can be seen in Figure 4 (left), negative triad configu-
rations (021U and 111D) showed an increment in the case of
the control group, whereas in the experimental group these
configurations showed a significant decrease. In contrast,
positive triad configurations 210 and 300 (Figure 4, right)
showed a stronger increment in the case of the experimental

group.

3.4. Microanalysis of Group Class Networks. Finally, we stud-
ied the effect of the intervention on the role of children in
their class groups. Figure 5 shows two rows of networks: the
bottom networks display the NN (left) and PN (right) of
control group class before the intervention, while upper ones
represent the structure of the networks after the intervention.
Each one of the networks is drawn in a hierarchical way:
the more frequently chosen children are located at the top of
the networks, while to the right are those who choose more
children. For example, in the case of the previous PN (bottom
right), the node “Va” is highly chosen by the rest of the class
(high in-degree) but this node also chooses many children

(high out-degree), in comparison with “Ar” who chooses
fewer children to play with (low out-degree). However, like
“Va”, “Ar” is also much chosen by the rest of the class (high
in-degree).

It can be observed in the control group that negative
leaders (“Am” and “Je”) continue with the same character-
istics in both PNs and NNs throughout the study (they are
on the top of both NNs and on the bottom of the PNs). In
this PN scenario, “Am” and “Je” are poorly chosen by the
class; however, they choose many of their classmates (they are
located to the right of the layout before and after, close to the
center).

Something completely different was seen in the experi-
mental group (Figure 6, same layout distribution as Figure 5).
Even though before the intervention the NN is practically
an inverted image of the PN, as in the case of the control
group where negative leaders are not positive leaders and vice
versa, after the intervention the roles changed. New children
appeared as negative and positive leaders, highlighting the
effect of the intervention. Moreover, these leaders do not
correspond to nonleaders on opposing networks as before.
Finally, another effect of the intervention can be observed
in the NN after the intervention. In this case, the nodes are
concentrated on the left of the layout (i.e., they reject fewer
than before).

4. Discussion

The methodologies used in this manuscript can be expanded
in order to study other characteristics of human interaction
in educational environment. The current study shows how
self-awareness and cooperative activities enacted during an
intervention increased positive social relationships between
peers and diminished negative ones. Our findings suggest
that the activities which involved working with others to
attain shared goals positively modulated social interactions,
highlighting the great behavioral plasticity of primary school
children. Social network diversity and the quality of positive
links improved after the intervention in the experimental
group, whereas no such changes were observed in the control
group. These outcomes were assessed by means of mathe-
matical tools based on network theory, which made it pos-
sible to visualize the complexity and dynamics of children’s
social networks. The model showed that, after the interven-
tion, positive interactions enhanced (more dense friendship
networks and increase in positive triad configurations),
positive interactions between children of different genders
increased (weakening same-gender preference), and negative
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interactions decreased (less dense enmity networks and
decrease in negative triad configurations) and that children
with many positive links connected with peers who had few
links and vice versa. This may suggest the development of
empathy on the part of the most frequently chosen children,
allowing greater social integration. Likewise, both negative
and positive networks were more confined within commu-
nities after the intervention, which could be indicating the
emergence of a greater diversity of interactions between

peers. In addition, the intervention allowed a roles’ change
in the group, given that new children appear as negative and
positive leaders, that accounts their great plasticity.

The fact that this kind of intervention reduced negative
interactions and increased positive ones agrees with pre-
viously reported findings suggesting that higher levels of
social harmony can be promoted in schools. In addition,
it has been found that this type of intervention can reduce
stress levels (e.g., [48]), highlighting the significant impact
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of positive social networking and quality social relationships.
These results further support the existence of the buffering
effect of positive relationships, indicating the importance
of implementing this kind of program during childhood. It
is interesting to note that these findings are in accordance
with recent work describing how children with lower stress
levels show more highly developed social networks (high
density of friendships) than children who suffer from chronic
stress [63]. Moreover, our findings agree with previous
investigations which also observed that social relationships
were improved by cooperative play in children [53, 54] and
that participation in a mindfulness-based prosocial training
curriculum was able to promote self-regulation and prosocial
behavior in young children [3, 6]. While recent studies have
evaluated the peer relationships of children using social
network analysis (e.g., [63-66]), to the best of our knowledge,
few studies have been carried out to evaluate changes in social
dynamics after applying an intervention.

Interestingly, the activities carried out in the present
investigation seem to have helped decrease self-centeredness
in children, enabling them to connect with others and
develop empathic concern, thus promoting higher richness
of social diversity. This ties in well with the enactive theory
which proposes that cognition emerges from participation
and emphasizes the key role of participatory sense-making
experiences, in which interaction plays more than a contex-
tual role as it can promote social cognition [43, 45, 47].

Previous investigations have shown that empathy, which
involves cognitive and emotional understanding of others,
is related to emotional regulation [67] and the identification
of others’ situations, that enable the emergence of prosocial
attitudes [8, 20]. Other studies have shown that mindfulness-
based practices can contribute to the regulation of emotions
as well as attentional focus (e.g., [3, 6, 51, 68-70]).

The improvement of social relationships was accompa-
nied by positive relational attitudes. For example, significant
changes were observed during the reflective instance when
children shared their appreciation of the experience and
listened to others. We found that children were much more
attentive to peers verbal comments. In these perspective-
taking instances children could become aware of peers
perceptions, feelings, and needs, in addition to the self-
perception of emotional states during the activities. This
cognitive-based awareness could have favored recognition of
the consequences of their own actions and helped develop lis-
tening skills and the cultivation of empathy, as found in other
studies [71]. In the same line, working on concern for others’
well-being has been emphasized as an important contribution
to children’s healthy development and socialization [3,72, 73].

One potential limitation of the current research could be
associated with the fact that the control group continued with
normal classes; however, a previous study demonstrated that
children from a control group which carried out alternative
activities did not show an improvement in the positive inter-
actions between peers. Another potential limitation could
be linked to the fact that we worked with one grade, since
the intervention was conducted to promote positive social
relationships in the group; thus, randomization was not pos-
sible. Future work carried out in other courses could provide
further evidence confirming that the observed changes are
not associated with a certain group but are related to the type
of activities performed during this kind of intervention.

In sum, the current study shows that the practices and
games conducted in the intervention enabled children to
relate to others from a new perspective, improving social rela-
tionships between peers. Our findings illustrate the consid-
erable behavioral plasticity and resilience of children. Using
complex systems methodologies, the present investigation



provides new evidence of social network plasticity, an impor-
tant topic which, to our knowledge, has been little studied
in children. The results indicate that positive changes in
social network configuration can be promoted in educational
settings. Given that these educational contexts offer a social
environment that deeply affects children’s development, our
work highlights the beneficial effects of carrying out this
kind of experience, which not only fosters prosocialness and
empathic concern but also self-awareness, thus contributing
to the enhancement of individual and social well-being.

5. Conclusions

The present study shows that a school intervention involving
self-awareness and cooperative activities can enhance the
diversity and quality of positive networks and reduce negative
links between peers, diminishing antagonistic interactions.
Since social interactions are crucial for a healthy development
during childhood [63, 74-76], school interventions which
improve social relationships are highly favorable. In this way,
the implementation of these kinds of practices in educational
settings might contribute to enhancing well-being in early
life stages. The current work highlights the importance
of fostering self-awareness and cooperative experiences at
present, which might help increase social integration so much
needed in education contexts. This investigation provides
further evidence of the beneficial effects of prosocial attitudes
in human wellness.
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