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Abstract

To deepen the development of positive affect during early adolescence and shed new light

on its predictors, this study adopts an exploratory network approach to first identify the main
domains that describe the variability of children’s psychological, environmental, and behav-
ioral characteristics, and then use these domains to longitudinally predict positive affect and
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term ‘happiness’ was shown to be searched more than ever on Google Search. These two,
extremely far, examples underline an ancestral human need. Indeed, identifying what are the
key factors to pursuit happiness has represented and still represents a central question for
humans.

The study of happiness, as well as the strictly related terms ‘subjective well-being’ and life
satisfaction’, has grown in popularity within the discipline of psychology [1], with develop-
mental psychologists being particularly interested in its variability and decline in early adoles-
cence [2], which is classically considered a challenging period. Indeed, adolescence represents
a critical period in which children face substantial changes in almost every aspect of their lives.
In particular, during the transition from childhood to adulthood, adolescents encounter signif-
icant hormonal changes that influence their physical, sexual, and brain maturation and
develop cognitive abilities and more stable personality traits [3-6]. Changes, however, also
encompass their social lives: adolescents are required to make choices for their own future,
take responsibilities and achieve increasing independence. They also change schools and
schoolmates, friendships, build their first intimate relationships, and actively engage in extra-
curricular activities and with the larger community [7-10]. All these changes might lead to a
psychological crisis for adolescents, who might encounter emotional and health problems,
including depression and mental disorders, and might represent risk factors for future sub-
stance use and abuse [7, 11]. Indeed, adolescence has been associated with the steepest decline
in subjective well-being of the entire life span [10, 12]. Some researchers argue that this is
because children have not yet developed the necessary abilities to control and regulate their
emotions, which are consequently disrupted by the new challenges of this transition phase [9,
13, 14]. However, having high positive emotions remains crucial for a positive and healthy
development. Indeed, positive affect longitudinally predicts mental and physical health, effec-
tive coping, positive social relationships, and success in adolescence and across the entire life-
span [15-19]. Positive affect, for example, is associated with improved cardiovascular (e.g.,
lower heart rate and blood pressure) neuroendocrine (e.g., cortisol levels) and immune sys-
tems [17, 20, 21]. Additionally, positive affect leads to healthy outcomes through social and
behavioral pathways as it reduces risky behaviors, while increasing social support, friends and
positive relationships, which are all predictors of better mental health [19-21].

Given the centrality of positive emotions and the detrimental effects that low positive affect
could cause, it is fundamental to identify the patterns of development and the main predictors
of positive affect in the first years of adolescence to understand how it might be possible to
favor a successful and positive development in adolescence. To answer these questions we take
advantage of the longitudinal Adolescent Brain Cognitive Development data collection
(ABCD; Volkow et al., 2018; https://nda.nih.gov/abcd), a large database of data collected in the
United States (US).

Positive affect in adolescence

Despite a common definition of emotions and affect is yet to be found, affect can be described
as a general experience of feelings or emotions that are distributed along two dimensions of
valence and intensity [22]. Specifically, we refer to positive affect when the person feels pleas-
ant or positive emotions (e.g., joy, calm, interest, pride); contrarily, we refer to negative affect
when the person feels negative emotions like stress, fear, or anger. Importantly, affect encom-
passes a generally stable tendency of the individual toward experiencing more or less positive
and negative emotions [23]. Studies interested in developmental affective changes focused on
() the variability of affective experiences and (b) the age-related trajectories of mean level
scores in positive and negative affect. Maciejewski and colleagues [14, 24], for example, in a
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5-year longitudinal diary study report that affective variability decreases in late adolescence
(i.e., negative and positive affect are more stable in late adolescence) and that the mean level
scores in positive affect decreases, while negative affect increases from early to middle adoles-
cence. In a larger study, Griffith and colleagues [22] confirmed these findings on a sample of
9-17 years old participants who were asked to report positive and negative affect every 18
months for three years. In particular, the authors found that positive affect linearly decreases
with age while negative affect follows a curvilinear pattern in the total sample. These results are
also in line with changes in personality and emotion regulation strategies [25-28] that show an
increase in neuroticism and extraversion and a decrease in emotion regulation strategies dur-
ing early adolescence. In other words, it is expected that positive affect decreases in early and
middle adolescence, but more research is needed to corroborate these findings as also the
authors [22] highlight that they contradict previous studies on children between 9 and 13 years
old which show an increase in positive affect during this early period [29]. The ABCD data col-
lection, which includes an extremely large amount of longitudinal data, could be precious to
better understand how positive affect develops between 9 and 18 years old. Importantly, the
ABCD study includes a plethora of additional information giving the opportunity to also iden-
tify the predictors of positive affect, at least in US children. The ABCD team has already
released data from 9 to 13 years old, allowing the study of the critical period characterizing the
end of childhood and the first years of adolescence.

What makes a child happier? Correlates of positive emotions in
adolescence

While the study of affective development is fundamental to understand the age of adolescence,
a further and crucial step is to detect those factors that possibly promote higher levels of posi-
tive affect during adolescence [27]. Other than neural and biophysiological characteristics [10,
30, 31], there are many social, environmental, and psychological aspects that may concur to
higher or lower levels of positive and negative affect. One key factor are interpersonal relation-
ships with peers, parents, and teachers [32-34], but other studies and meta-analyses highlight
the role of many other factors in explaining and supporting positive affect in adolescence.
Among the many, there are physical activity [35], sleep [36], personality traits [37], academic
achievement [38], nature connectedness and environment [39, 40], the practice of leisure
activities [41, 42], psychological and behavioural problems [43, 44], or social networks and use
of phones, tablets, and computers [45, 46].

Toward a low dimensionality of the predictors of positive affect. This plethora of results
and meta-analyses on the topic highlight the attention that the study of positive affect’s corre-
lates has received in recent years. For practical reasons, however, most studies focus on a nar-
row group of specific variables and cannot take in consideration the vast majority of the other
factors that might be linked to positive affect. Nonetheless, most psychological variables are
correlated between each other and pondering on or taking into account such multiple and
mutual associations is an important key to better understand psychological phenomena.
Indeed, it is an emerging matter of discussion that the psychological realm of individuals could
be better represented by a network of superordinate domains [47-53]. In other words, if we
believe that psychological dimensions are not independent but instead interact with each other
and with various characteristics of the individual and their environment, then bivariate associ-
ations poorly describe their interrelationships. It is therefore needed to adopt alternative
approaches to unveil the pattern among a wide set of inter-related variables, such as network
analysis.
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In addition, recent strands of research are accompanying the reflection on psychological
networks with the concept of low dimensionality. In fact, network analyses highlight regions
(domains) of highly interconnected nodes (variables) that work together following specific pat-
terns of associations and that are less related with nodes from other domains. The researchers
from different fields are increasingly focusing on hierarchical models of personality, character,
or psychopathology [54-60] rather than considering the multiplicity of specific factors or abili-
ties as separate and isolated variables. Smith et al. (2015), for example, found that people
spread along a single positive-negative continuum linking brain connectivity, lifestyle, intelli-
gence, and demographic variables. This suggests that a single mode of population variation
can explain most of the variance in distinct psychological aspects. Moreover, Granziol and
Cona (2023) recently found that the 38 variables included in their large study are well
described by a network of seven separate but inter-related domains. Such low dimensionality
of psychological data could help to highlight which are the main—hidden—domains that char-
acterize social, environmental, and psychological data and to understand which—among the
few instead of dozens of interrelated variables, should be the focus of research and interven-
tions. In the present context, this would be translated in identifying the core psychological
and/or environmental dimensions that can promote high positive affect.

Despite the potentialities of this approach are enormous, gathering this kind of data is
extremely difficult because individuals should be measured on a large spectrum of variables
and a large population is necessary to obtain precise estimates of the models/networks. Fortu-
nately, large and open data collection projects are on the rise and could serve to effectively
study the best predictors of positive affect across a large spectrum of psychological, environ-
mental, and social data. Again, the ABCD perfectly fits this aim and also gives the opportunity
to study such association longitudinally and in youths. The project, in fact, aims to longitudi-
nally collect a large amount of data from more than 10,000 US children aged 9-10 for a period
of ten years. Importantly, they already measured children’s positive affect at six different time
points, as well as a plenty of other features (e.g., cognitive, environmental, psychological fea-
tures). This allowed us to establish a network of their psychological domains at the baseline
and understand which of the domains individuated best predict positive affect and its develop-
ment over 42 months.

Aims of the study

Taking advantage of the large and longitudinal ABCD data collection, this study aimed to
answer two main research questions regarding positive affect:

» How does positive affect develop between 9 and 13 years old? To this aim, measures of posi-
tive affect from 7 time points were analyzed using latent growth models.

o What are the main predictors of positive affect and its development between 9 and 13 years
old? To this aim 46 variables generally concerning mental health, physical health, environ-
ment, and neurocognition were considered as possible predictors of positive affect and its
development. To decrease the dimensionality of the predictors, we decided to follow a net-
work approach [61] to firstly analyse the network structure of the ABCD variables and use
the domains individuated to longitudinally predict (across six waves and up to three years)
children’s positive affect.

Our work could be of primary importance as it will (a) accumulate knowledge on the topic
of positive affect development, (b) inform us about the network structure (even if always inevi-
tably partial) of youths’ variability and, importantly, (c) show which are the more relevant
domains in longitudinally predicting a fundamental developmental factor such as positive
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affect. In addition, the network approach and the focus on “umbrella domains”-instead of
inspecting multiple single variables—follow recent evidence sustaining a network structure of
various psychological domains underpinning a lower dimensionality of psychological variables
[48, 49, 62].

Materials and methods
Participants

To the aim of this study, we used archive data provided by the ABCD project (https://nda.nih.
gov/abcd). The ABCD is a prospective longitudinal study starting with children aged 9-10 that
will be followed for ten years [63]. Exclusion criteria were limited to proficiency in English lan-
guage, severe sensory, intellectual, medical, or neurological issues, and contraindications to
MRI scanning. We accessed the data on December 18™ 2022. No information that could iden-
tify individual participants was provided.

A total of 11,878 children were initially enrolled at 21 research sites across the USA and
evaluated on different aspects including mental health, environmental factors, substance use
and attitudes, biospecimens, physical health and sport involvement, culture, cognitive abilities,
and social and emotional development. f{MRI was also used to measure brain development and
its correlates through adolescence. ABCD data are released every year and we took advantage
of the last data release available at the time of writing: Data Release 4.0 (https://nda.nih.gov/
study.html?id=1299). Other than imaging data that will not be included in our analysis, this
release contains non-imaging assessment at baseline and follow-up for seven different time
points: baseline, 6 months, 12 months, 18 months (full cohort), 30 months, 36 months, and 42
months (interim data).

We specifically included all participants who showed no missing values on the selected vari-
ables (see below) at the baseline. Longitudinally, we only included information about positive
affects at the different data collection points. The full baseline sample consisted of 10904 chil-
dren (Females = 5226) aged 9.91 in mean (SD = .62). The numerosity differed at the subse-
quent time points depending on how many children that filled the positive affect measure
were made available in the Data Release 4.0 (see Table 1). A total of 2629 participants always
completed the survey and had no missing values in any variable, including demographics. As
stated before, the last three waves of data are interim data and missing data do not correspond
to participants’ dropout, but they are mostly data that still must be processed and made avail-
able by the ABCD team.

Materials

Assessment measures were broadly included into nine different main areas by the ABCD
team: substance use, mental health, physical health, culture, environment, neurocognition,
genetics, mobile technology, and imaging data. To the aim of our study, we selected only men-
tal health, physical health, environment, and neurocognition areas (see S1 Table). Indeed,

Table 1. Numerosity at each time point. Females are reported within parenthesis.

N (Females)
M age (SD)

6 months 12 months 18 months 30 months 36 months 42 months Complete
9621 (4598) 9466 (4532) 9392 (4482) 7249 (3479) 5280 (2491) 2816 (1356) 2629 (1272)
9.92 (0.63) 9.91 (0.63) 9.91 (0.63) 9.93 (0.62) 9.98 (0.62) 10.01 (0.6) 10.01 (0.6)

Note. Age always refers to participants’ age at the baseline

https://doi.org/10.1371/journal.pone.0307560.t001
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substance use variables were not informative at the baseline as almost no children reported
using any substance at this age; mobile technology measures were not collected at the baseline;
and imaging and genetics data were not the focus of our work. In case the same measure was
filled twice, once by the children and once by the parent, we decided to consider the children
version (e.g., prosocial behaviour, screen time, family conflict). Given the focus of our study
on children characteristics, we also excluded measures directly referring to parents and filled
by the parents (e.g., measures of parents’ substance use or psychopathology). Measures of
brain injury, culture (e.g., black, Hispanic, American Indian), medication use, substance use,
and personal information such as handedness, vision, or weight were not used. Indeed, specific
medical information are beyond the scope of our study and may have medical and biological
implication that are not in our field of expertise.

A summary of the measures included in this study is available in S1 Table.

Demographic measures. A demographic questionnaire adapted from the PhenX toolkit
[64] was used to collect information about the children and their parents/guardians [65].
These included sex at birth, age, race, ethnicity, family income, and parent’s education. Only
information about the responding parent were used because information about the second
partner was often missing without specification of the reason. Sex, age, family income, and
parent’s education will be entered as covariates in the analyses.

Mental health measures. A series of questionnaires were used to measure mental health
factors. The abbreviated youth version of the UPPS-P Impulsive Behavior Scale [66] was used
to measure five facets of impulsivity behaviour: lack of perseverance, lack of planning, sensa-
tion seeking, negative urgency, and positive urgency. The abbreviated Prodromal Psychosis
Scale [67] was used as index of subclinical psychosis risk phenotypes. The BIS/BAS scale [68]
was used to measure three facets of behavioural activation reflecting positive affect: Fun Seek-
ing, Drive, and Reward Responsiveness, and Behavioural Inhibition scale. The number of
friends and close friends was also measured with ad-hoc questions (i.e., Friendship scale). The
Parent General Behavior Inventory [69] was used to measure symptoms of mania. The total
score of the Achenbach Child Behavior Check List [70] was used as a measure of children’s
internalizing and externalizing behavioural problems. The computerized version of the Kid-
die-Structured Assessment for Affective Disorders and Schizophrenia for DSM-5 [65, 71] was
used as a diagnostic interview measuring depression, anxiety disorders, somatic disorder,
ADHD, oppositional conductive disorders, conduct disorders, obsessive compulsive disorders,
sluggish cognitive tempo, and stress disorders. Raw scores were used for each of these.

A complete description of the measures included in the Mental Health area is available in
the corresponding ABCD study [65].

Physical health measures. The physical health area included measures of physical activity,
in terms of amount of weekly physical activity [72]; screen time, as a sum of time spent watch-
ing TV, videos, or playing video games, chatting, and using social network during a typical day
[73, 74]; involvement in sport and other activities, as a measure of months in which the chil-
dren practiced a sport or a hobby during their past life [75]; and sleep disturbance [76].

A complete description of the measures included in the Physical Health area is available in
the corresponding ABCD study [65].

Culture and environment measures. The culture and environment area included mea-
sures of prosocial behaviour [77]; parental monitoring, or parent’s active efforts to keep track
of child’s whereabouts [78]; parent’s acceptance reported by the children [79, 80]; family con-
flicts, or the amount of openly expressed conflicts among family members [81]; three subscales
of the School Risk and Protective Factors Survey [82] were used to measure school environ-
ment, school involvement, and school disengagement. Information about children’s neigh-
bourhood, in terms of feelings about safety and presence of crime in the respondent’s
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neighbourhood, were obtained using the ABCD Youth Neighbourhood Safety/Crime Survey
Modified from PhenX [83]. Information about culture (e.g., spoken language, family heritage)
were not included in our analysis.

A complete description of the measures included in the Culture and Environment area is
available in the corresponding ABCD publication [84].

Neurocognition measures. A 70-minute-long neurocognitive battery including ten dif-
ferent measures was administered with an iPad. These measures included seven tasks from the
NIH Toolbox™ (http://www.nihtoolbox.org) evaluating episodic memory (Picture Sequence
Memory Test), inhibition and conflict monitoring (Flanker Task), cognitive flexibility
(Dimensional Change Card Sort Task), working memory (List Sorting Working Memory
Test), processing speed (Pattern Comparison Processing Speed Test), verbal abilities (Picture
Vocabulary Task), reading (Oral Reading Recognition Task). Additionally, the Rey Auditory
Verbal Learning Test was used to measure learning, memory and recognition [85]; the Little
Man Task to measure visuospatial abilities [86]; and the Matrix Reasoning Task from the
Wechsler Intelligence Test for Children-V [87] to measure fluid intelligence. A single item
measure of delay of gratification with dichotomous response [88] was also included in the neu-
rocognition tasks, but it will not be included in the analysis because it does not load on cogni-
tive factors [89].

A complete description of the neurocognitive battery is available in the ABCD publication
by Luciana and collaborators [88].

Positive affect. The Positive Affect Scale from the NIH Toolbox Battery [90] was adminis-
tered at different time points but not at the baseline (i.e., after 6, 12, 18, 30, 36, and 42 months
from the baseline) to evaluate positive emotions and affective well-being in past week [90].
Positive affect has been characterized as “feelings that reflect a level of pleasurable engagement
with the environment such as happiness, joy, excitement, enthusiasm, and contentment (p. 4,
Salsman et al., 2013). Respondents were provided with 9 positive affects items (e.g., “I felt
calm”, “I felt delighted”) and indicated on a 3-points Likert scale (1 = Not true; 3 = Very true)
how much they felt that way in the last week. The scale showed high internal validity (Cron-
bach’s alpha = .96).

Statistical analysis

To the aims of the study, two main groups of analyses were run. The first to detect what are the
main social, environmental, and psychological domains of the baseline network structure of
ABCD variables and the second to study the development of positive affect and its association
with the domains individuated (i.e., what makes children happy?). All the analysis were run in
R [91].

Given the large number of participants included in the study, we decided not to rely on sig-
nificance of the effects (which are more likely to result significant) but only on the magnitude
of the effects. In particular, we will interpret only effects with an associated standardized effect
of.10 or higher as practically useful in line with the principles of the region of practical equiva-
lence [92, 93].

Exploratory graph analysis

An Exploratory Graph Analysis (EGA) approach was adopted to study the underlying network
of connections between the measures included in our study. EGA is a recently proposed tech-
nique [61] that, starting from the matrix of partial correlations between a set of variables,
allows to estimate the number of domains to be retained and also estimates and graphically
represents the associations (i.e., edges) between the measures (i.e., nodes) [94]. After the

PLOS ONE | https://doi.org/10.1371/journal.pone.0307560 September 6, 2024 7/22


http://www.nihtoolbox.org/
https://doi.org/10.1371/journal.pone.0307560

PLOS ONE

Positive affect in 9-13 children

Vas /"‘ @)

V3t g4 o
PN Ve Cogn. Funct
J Vg V34 @ Peyc. Prott

Vﬁ\
V8o vas Soc. Env
V46 S
o V20 V15
Vas, Va3 \ vi2 / \
V“' Vi4 Vi8 8
V40
V39 V16
vt vaz vsa/

Fig 1. Graphical representation of the network. Each colored circle represents a variable and its domain (1 to 5).
Lines indicate associations between variables: green lines for positive relations and red lines for negative relations. The
width of the lines represents the strength of the association. Note. V1 = vocabulary; V2 = inhibition; V3 = working
memory; V4 = cognitive flexibility; V5 = processing speed; V6 = episodic memory; V7 = reading; V8 = verbal memory;
V9 = fluid reasoning; V10 = long term memory; V11 = visuospatial abilities; V12 = prodromal psychosis;

V13 = negative urgency; V14 = lack of planning; V15 = sensation seeking; V16 = positive urgency; V17 = Lack of
perseverance; V18 = behavioral inhibition (bis); V19 = reward responsiveness (bas); V20 = drive (bas); V21 = fun
seeking (bas); V22 = friends; V23 = symptoms of mania; V24 = total ext-int problems; V25 = depression; V26 = anxiety
disorders; V27 = somatic disorder; V28 = ADHD; V29 = oppositional conductive disorders; V30 = conduct disorders;
V31 = sluggish cognitive tempo; V32 = obsessive compulsive disorders; V33 = stress disorders; V34 = weekly physical
activity; V35 = screen time; V36 = sport activity; V37 = hobbies/other activities; V38 = sleep disturbance;

V39 = prosocial behaviour; V40 = parental monitoring; V41 = parent’s acceptance; V42 = family conflict; V43 = school
environment; V44 = school involvement; V45 = school disengagement; V46 = safe neighbourhood.

https://doi.org/10.1371/journal.pone.0307560.9001

network is estimated, EGA provides different indices including the strength of the association
between each node and its dimension, which is equivalent to factor loadings in factor analysis
[95] and the strength of the edges, which represents the semipartial correlation between two
nodes and is represented in the network graph (see Fig 1) with thinner or thicker lines depend-
ing on the magnitude of the association [50]. EGA has different advantages and an equal or
better performance than other traditional measures (i.e., VSS, MAP, K1, BIC, EBIC, PA). A
first advantage is that it relies less on the subjectivity of the researcher, who must traditionally
choose the rotation of the loadings matrix [96]; it also allows for a graphical and easy to inter-
pret representation of the model (see Fig 1); and has the practical advantage of estimating the
number of dimensions, the edges, and the loadings within the same algorithm, without using
two different set of analyses. For what concerns actual statistical performance, a recent simula-
tion study showed that EGA has high accuracy in all the condition tested (varying number of
factors, sample size, factor loadings, number of variables, factor correlations, and number of
response options) and that it has the best accuracy to correctly estimate the number of factors
and the lowest mean bias error [94] across condition. Parallel analysis (PA) also performed
very well across most conditions, but EGA outperformed it in large datasets and large struc-
tures (e.g., four or more domains), as in our case [61, 94]. For these reasons, EGA is perfectly
suited to the aims of our study.

To ensure that a network is reliable, stable, and not sample-specific, it is possible to follow a
bootstrap procedure [97]. In this case we applied a non-parametric bootstrap with 10,000 rep-
lications. The median network obtained via bootstrap was then compared with the original
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network and the stability of the network was calculated as the proportion of times the network
was equally replicated in the bootstraps. Additionally, we inspected the reliability of each node
looking at how many times the same node belonged to each domain of the network. A node is
assumed to be stable when it appears at least 80% of the times as loading on the same compo-
nent [97]. The EGAnet package was used for this analysis [98]. Finally, the net.scores() function
was used to extract participants’ latent scores for each dimension of the estimated network.
These scores will serve as predictors of positive affect in subsequent analysis.

The development of positive affect and its association with the ABCD
dimensions

To study the development of positive affect and its associations with the domains extracted fol-
lowing the EGA, we used a latent growth model. Factor loadings of the observed composite
variables were fixed at 1 for each time point. The loadings for the linear change factor were
fixed in ascending order as 0 (6 months), 1 (12 months), 2 (18 months), 4 (30 months), 5 (36
months), and 6 (42 months; 3 is missing because participants were not contacted after 24
months. Predictors were the scores extracted from the network. z scores in positive affect were
used after scaling positive affect on the whole sample. To handle missing data and avoid losing
information we used full information maximum likelihood (FIML) to estimate missing data.
Goodness-of-fit was evaluated using the Comparative Fit Index (CFI), the Goodness of Fit
Index (GFI), the Standardized Root Mean Squared Residual (SRMR), and the Root Mean
Square Error of Aproximation (RMSEA) [99].

The R packages Lavaan [100] was used for this set of analyses.

Results

Exploratory graph analysis

The EGA run on the baseline sample including 10904 participants, shows that the 46 variables
included in this analysis can be aptly described by five inter-related domains (see Fig 1) that
we interpreted and named as behavioural dysregulation (D1), cognitive functioning (D2), psy-
chological problems (D3), supportive social environment (D4), and extracurricular activities
(D5). The behavioural dysregulation domain is composed by 13 nodes (variables) including
the four BIS/BAS measures, physical activity, screen time, the number of friends, safe neigh-
bourhoods, sensation seeking, negative and positive urgency (UPPS scale), family conflict, and
prodromal psychosis. This domain was labelled as behavioural dysregulation because the most
central and correlated nodes of the domain encompass behavioural inhibition and activation
systems, negative and positive urgency, and sensation seeking. The other nodes were less asso-
ciated, but might be proxies of behavioural dysregulation (e.g., individuals with higher beha-
vioural dysregulation might encounter higher family conflicts). The cognitive functioning
domain included all the 11 measures of neurocognition. The psychological problems domain
was composed by 12 nodes including behavioural problems, sleep disturbance, mania symp-
toms, and the disorders measured with the K-SADS interview (i.e., conduct, oppositive,
somatic, stress, ADHD, sluggish cognitive tempo, obsessive compulsive disorder, anxiety, and
depression). The supportive social environment domain is composed of 8 nodes including the
three measures of school environment, prosocial behaviour, parent acceptance and monitor-
ing, and the two measures of the UPPS scale for lack of perseverance and lack of planning.
Finally, the extracurricular activities domain included two nodes measuring the months spent
by the children doing sport or other activities (e.g., hobbies). All the standardized loadings of
the network are available in S2 Table.
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Table 2. Pearson correlations between the five dimensions, positive affect at different time points, and covariates. Correlations > |.10| are reported in bold.

1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14.
1.D1 -
2.D2 -.34 -
3.D3 .25 -.18
4.D4 -.25 14 -.22
5.D5 -22 .38 -.07 13 -
6.PAG6 -.09 .16 -.10 .28 12 -
7.PA 12 -.03 .07 -.09 .30 .06 .35 -
8.PA 18 -12 15 -.14 .28 11 .40 41
9. PA 30 -.10 12 -.15 24 .09 .30 .34 43 B
10. PA 36 -.06 .04 -.11 25 .02 25 .36 .39 .50
11. PA 42 -.06 .05 -.14 .20 .05 .24 .28 .36 49 .52
12. Age -.07 27 -.01 .04 13 .02 .00 -.02 -.04 -.01 -.03 -
13. Sex (M) -13 .05 -.10 .20 .10 .08 .04 .06 .00 -.04 -.07 -.02 -
14. Income -.25 44 -.17 .06 32 .10 .04 12 .10 .06 .04 .04 -.00
15. Education -.20 40 -.09 .04 31 11 .03 13 11 .05 .05 .02 -.01 .62

Note. PA = Positive Affect; D1 = behavioural dysregulation; D2 = cognitive functioning; D3 = psychological problems; D4 = supportive social environment;

D5 = extracurricular activities

https://doi.org/10.1371/journal.pone.0307560.t1002

Finally, the bootstrap procedure suggests that the network individuated is highly stable.
Specifically, it replicated exactly 99% of the times. Nodes were also highly stable and none of
them was under the.80 cut-off. Physical activity (V34, behavioural dysregulation) was the less
stable node with a replication of 94%. It appeared in the fourth domain on 6% of the occasions.
The complete stability results are pictured in S1 Fig.

Given the goodness of the model, latent domain scores for the five domains were extracted
and used in the following analyses. Pearson correlations between domain scores and the other
variables are available in Table 2. The five factors were only slightly correlated between each
other.

The development of positive affect and its relationship with the ABCD
dimensions

Results of the latent growth model show that the model adequately fit the data as indicated by
three of the four indices adopted (SRMR = .04; RMESA = .06; GFI = .95). The CFI (.89) was
slightly lower than what is deemed acceptable. The latent intercept value for positive affect was
slightly higher than the mean (Bintercept = -23; b = .14) with a latent slope value indicating that
positive affect decreases with time (Bjope = -.48; b = -.06). Intercept and slope resulted slightly
correlated (r = -.25) indicating that the higher is positive affect at the baseline, the steepest is
the decline. The effect of the predictors on the latent intercept was the biggest for supportive
social environment ( = .43; b = .27). Psychological problems showed a very small association
with positive affect intercept (8 = .15; b =.09). Behavioural dysregulation (8 = .06; b = .04), cog-
nitive functioning (8 = -.04; b = -.02), and extracurricular activities (8 = .08; b = .05) showed
negligible effects on the intercept. The slope was almost unaffected by the predictors with only
cognitive functioning and psychological problems having a small but almost negligible associa-
tion with positive affect’s slope (8 =-.11; b = -.01 in both cases). The effect of behavioural dys-
regulation (8 = -.05; b = -.01), supportive social environment (§ = -.08; b = -.01), and
extracurricular activities (8 = -.05; b = -.01) on the slope was practically negligible. Betas ()
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indicate standardized coefficients while bs (b) indicate unstandardized coefficients. This
model explained 25% of the intercept variance, and 3% of the slope variance.

Discussion and conclusions

Adolescence is a period of changes and adolescents face social insecurity, uncertainty, and
higher responsibilities. Being able to functionally adapt to such requests is a hard job that may
undermine one’s well-being and positive affect, as evident from their decline highlighted in
early adolescence [12, 22]. A decline in positive affect, however, may lead to additional difficul-
ties in areas that include physical and mental health, cognitive functioning, school success,
sociality, and decision making, among the others [15-20, 101]. For this reason, it is crucial to
further investigate the development of positive affect and its antecedents.

In the light of these observations, our study had two main aims: the first, and preliminary,
aim was to study the network of associations among a large number of variables pertaining to
social, environmental, and psychological characteristics of the children; the second was to
study the longitudinal development of positive affect between 9 and 13 years old and its associ-
ation between the domains individuated in the network. The first aim, in line with recent stud-
ies suggesting that different psychological facets can be well described by a lower number of
network domains [48, 49, 62], allowed us to reduce the number of possible variables to be con-
sidered as predictors of positive affect while taking into account their entire network of associ-
ations and their latent superordinate structure. This could help overcoming the problems
inherent to previous research in the field (and in psychology in general) in which narrow pre-
dictors have been used, causing a proliferation of studies and meta-analyses that do not
account for the complex structure of psychological, social, and environmental variables. Con-
trarily, with a network approach, educators, policymakers, institutions, or whoever is involved
in promoting positive affect, could focus on a restricted range of aspects that might be more
effective to the goal. In fact, out of the five domains individuated and—by literature—plausibly
associable to positive affect, only one resulted predicting it strongly in children: a supportive
social environment.

The network structure

Recent psychological literature [48, 49, 52, 62] highlights the tendency toward a lower
dimensionality of psychological constructs. For practical reasons, however, most studies nar-
row their focus to specific variables and do not consider the high interconnection that binds
psychological, social, and environmental variables. A large study that identifies the network of
associations between a large number of variables could thus help to understand their reciprocal
association and also to reduce the number of domains that we should focus on to promote pos-
itive affect in adolescence.

The EGA applied on the 46 baseline variables included has individuated five stable and
interconnected domains in the network structure: behavioural dysregulation, cognitive func-
tioning, psychological problems, supportive social environment, and extracurricular activities.
The ‘behavioural dysregulation’ domain encompasses activities and attitudes characterized by
high energy, impulsive behaviours, and the need for new experiences and people. Surprisingly,
it also includes family conflicts and safe neighbourhoods. Indeed, while one might expect
these nodes as belonging to the ‘supportive social environment’ domain, they instead represent
a bridge between ‘behavioural dysregulation’ and ‘supportive social environment’ (see Fig 1)
possibly connecting the tendency to develop a less regulated behaviour to the presence of a less
supportive social environment. This is in line with previous studies highlighting that the social
environment could drive on the long term to deviant, impulsive, and uncontrolled behaviours
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[84, 102-104]. In other words, the way one behaves and their social environment are two sepa-
rate but entangled dimensions. The ‘supportive social environment’ domain, on the other side,
is characterized by variables concerning a positive adaptation or belongingness to the most
influent social environments to which children are exposed: school and their family. Together
with these aspects, a supportive environment seems to favour children’s future planning abili-
ties in the sense that such children are more projected into the future and tend to persevere
and plan their future more than others. This is highlighted by the two future-oriented sub-
scales of the UPPS scale (i.e., lack of perseverance and lack of planning) that emerged as part of
this domain and not of the first domain (i.e., ‘behavioural dysregulation’ domain) wherein the
present-oriented subscales were included (i.e., sensation seeking, and positive and negative
urgency). The ‘cognitive functioning’ domain clearly reflects the well-known g factor [105] of
intelligence and separates it from the other not strictly cognitive domains, highlighting a dis-
tance between cognitive variables and social, psychopathological, environmental, and beha-
vioural nodes. The ‘psychological problems’ domain is composed of all—with the exception of
prodromal psychosis symptoms—the externalizing and internalizing problems measured. This
is perfectly in line with new evidence in literature suggesting the existence of an overarching
psychopathology factor [57, 106, 107], as already emerged in other ABCD studies specifically
focusing on these variables (the ’p factor’; Brislin et al., 2021). This factor, following Caspi and
collaborators (2014) could represent a person’s vulnerability to mental disorders and their
comorbidity. Finally, the ‘extracurricular activities’ domain emerged as a small domain includ-
ing the practice of sport and other extracurricular activities (e.g., music, art, hobbies). This is
the less connected domain of the network, but it is a prominent aspect of children and adoles-
cents lives because they freely choose and engage in such activities and their participation is
important for different aspects of their lives, ranging from educational outcomes, to physical
and mental health, skills, and well-being [108-111].

The five domains individuated are obviously not sufficient to entirely describe the environ-
mental, social, and psychological aspects of children’s lives and key aspects are probably miss-
ing (e.g., personality traits, motivation, self-beliefs). Nonetheless, our model is still one of the
most complete in literature—thanks to the large ABCD data collection—and we believe that
the five domains well describe a large spectrum of children’s variability and that our results
could well inform about the role of these domains for children’s positive affect, as discussed in
the next paragraph.

What makes children happy? Positive affect development and its predictors

Longitudinal studies about the development of positive affect between late childhood and early
adolescence are not abundant, but, with some exceptions, they point to a decrease in happiness
or positive affect during this period [22, 24]. Our results are in line with this finding as we
show that positive affect decreases every 6 months (ca) by.06 points in z scores, which may
lead to a decrease of almost half standard deviation in four years. This is an important point
because it confirms that the decline of positive affect starts years before adolescence and, as
researchers, we should be interested in finding ways to sustain children’s positive affect as it
may lead to the successful or unsuccessful development of future health and wellbeing, psycho-
pathology, and interpersonal relationships among the others [2, 10, 20, 32]. To this aim, we
also studied the association between the five domains individuated by the EGA and positive
affect. Indeed, starting from the literature it is difficult to discern which factors may have a
major or minor role for positive affect in childhood and adolescence and all the five domains
that we individuated could theoretically sustain children’s positive affect. In fact, there is plenty
of research highlighting the role of—among the many—pbhysical activity, environmental
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features, sleep, personality, interpersonal relationships, psychological problems, and maladap-
tive behaviors [33, 35, 36, 39-41, 44]. However, the different domains and the variables within
and between them are often correlated, as evident for example in the relation between the
characteristics of the social environment and impulsive or externalizing and internalizing
behaviours [84, 112, 113]. For these reasons, we argued that a holistic approach to the question,
that includes a high number of variables and their associations, could foster our understanding
of the mechanisms underlying positive affect in children and adolescents.

Following this approach, we regressed the scores of the five domains on the latent intercept
and the latent slope of positive affect. From these results, the primary role of a supportive social
environment emerged. In fact, the ‘supportive social environment’ domain showed a medium-
to-large positive association (3 = .44) with the latent intercept of positive affect. Contrarily,
none of the other factors showed a strong association with positive affect, as highlighted by
standardized effect lower than |.10|, with the exception of ‘psychological problems’. In other
words, practicing extracurricular activities, having higher cognitive abilities, lower psychologi-
cal problems, or behaving less impulsively does not directly, or only slightly in the case of psy-
chological problems, influence adolescents’ positive affect. The effect of a supportive social
environment also resulted stable for all participants across time, as highlighted by the correla-
tions in Table 2. This is particularly important given the instability of positive affect across
time. Interestingly, correlation values between a ‘supportive social environment’ and positive
affect are comparable to the mutual correlations between different observations of positive
affect itself (see Table 2). This indicates that a supportive social environment, in the long run,
could predict positive affect as well as baseline positive affect does.

These results are in line with the evidence in the literature about the great importance that
the relationship with parents has for adolescents’ positive affect [32, 114-116], with adolescents
also qualitatively reporting about the importance of their family relationship for their own
well-being [117]. On the same line, quantitative and qualitative research strongly support the
role that teachers and school environment play for students in middle and high school [118-
122]. For example, a supportive environment at school and a good school climate are strong
predictors of students’ mental health, positive relationships, academic outcomes, motivations,
and emotions [122]. Our results, however, suggest that other factors might not be as effective
in directly sustaining their happiness when they are included within a larger network of vari-
ables. This might have a great practical impact because, even if positive effects of psychological
interventions aimed at increasing subjective well-being exist [123], institutions and organiza-
tions that aim at increasing adolescents happiness on a larger scale might shift (or keep) their
focus to the social environments children are exposed to, instead of focusing on narrow aspects
of their lives such as extracurricular activities. For example, school programs aimed at increas-
ing students’ scholastic engagement, sense of belonging and school climate [121, 124-127]
might be increasingly implemented with the additional aim, this time, of increasing adoles-
cents’ happiness. This aligns with recent suggestions to prioritize school and classroom climate
as predictors of students’ adjustment and wellbeing [127]. Social-emotional learning (SEL)
programs, which aim to foster students’ skills to manage their emotions and establish and
maintain supportive and caring relationships, might be well suited to this aim given their
impact on students’ well-being, emotional competencies, schools’ climate, and attitude [128-
131]. As also suggested by Oberle et al. [132], these results suggest strengthening and empha-
sizing strategies that may foster adolescents’ relationships with both peers and adults at school.
Similarly, research and interventions might focus on parent trainings, trying to make them
more effective and possibly focusing on promoting the relationships between parents and chil-
dren in term of increasing children acceptance of their parents, and parents competences and
self-esteem and lowering family conflicts [133-135]. In particular, it might be important to
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foster parents’ emotion socialization abilities, that might consequently help children to develop
emotion regulation skills [136, 137]. Parents’ emotion regulation strategies and emotionally
supportive responses are in fact associated with higher emotion regulation abilities and lower
depressive symptoms in children [137]. These might also affect other aspects, such as adoles-
cents’ behavioural and psychological problems [138]. In other words, investing in schools and
families could be, again, a solution to promote children’s and adolescents” happiness as well as
other important factors, such as education, behaviours, or social relationships.

Limitations and future directions

Although our study is based on a large and longitudinal data collection including more than 46
variables, it also has limitations that future studies could overcome. Firstly, our study is limited
to a US population, which may restrict the generalizability of our findings. This is particularly
pertinent for our main predictor, identified as the ’supportive social environment,” which could
exhibit markedly different characteristics in other contexts where family and school structures
and values may vary. It is also important to note that we tested the longitudinal association
between a set of baseline predictors and multiple measurements of positive affect. This follows a
temporal relationship that we deemed causal, but cross-lagged panel models and multiple mea-
surement of the predictors should be used to confirm the directionality of the relationships
Future studies, once the ABCD data will be completely available, could tackle this question and
unveil such important theoretical paths. The study is also limited to the variables available from
the ABCD data collection, but other important factors (e.g., personality, social skills) could play
a significant role for positive affect. However, following our study, future research could directly
test the effects of such factors beyond that of a supportive social environment.

Conclusions

Adopting a network approach applied to a very large sample size and using a longitudinal data
collection, our study identified—for the first time—what are the main domains characterizing
children’s cognitive, psychological and environmental measures. Also, not only confirmed that
positive affect declines between 9 and 13 years old but, more importantly, deepened the funda-
mental question about “what makes children happy”. This allowed us to make reliable conclu-
sions about the importance of specific domains—while taking into account the
interconnectedness of many psychological variables—and to pinpoint what are the most
important factors responsible for children’s and adolescents’ happiness: their families and
schools, or, more in general, the presence of a supportive social environment. This is of pri-
mary importance for practitioners and policymakers as it might narrow their attention to
what, within the complex network of our psychological, social, and environmental variability,
effectively has a direct impact on positive affect.
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