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Abstract: PLAN-A is a cluster randomised controlled trial of a peer-led physical activity intervention
which uses peer supporters to increase the physical activity of 13–14-year-old girls in the UK. This paper
uses latent class analysis to identify classes in the whole study population and investigate how those
selected as peer supporters in PLAN-A were drawn from different social groups. We identified five
classes of girls, based on psychosocial variables (self-esteem, physical activity self-efficacy, motivation,
physical activity values among friends and peer support for physical activity (PA) and physical
activity behaviour variables (average minutes of weekday MVPA, sedentary time and screen viewing).
Peer supporters were similar to the whole study population in terms of overall demographics,
but were drawn unequally from the five classes. In addition, there was considerable variation in
the distribution of peer supporters between schools. The selection of peer supporters is an integral
component of peer-led interventions and should be explored and linked to underlying theory to
understand the characteristics of those recruited. However, demographic representativeness is not
necessarily the aim, and simple reporting of overall demographic comparisons may mask important
differences within subgroups.

Keywords: physical activity; peers; adolescent girls; latent class analysis

1. Introduction

Physical activity is associated with lower levels of cardiometabolic risk factors and higher
psychological well-being among children and adolescents [1–5]. The UK Chief Medical Officers
recommend that all children and young people should engage in an average of at least 60 min of
moderate-to-vigorous intensity physical activity (MVPA) per day across a week [6]. Several studies have
shown that considerable proportions of adolescents do not meet this recommendation [7,8]. Moreover,
physical activity levels decline with age and girls are less active than boys throughout childhood and
adolescence [7,9]. Physical activity patterns track from adolescence into adulthood [10,11]. As such,
there is a need to find ways to increase levels of physical activity amongst adolescent girls.

Systematic reviews have shown that the majority of physical activity interventions have either
yielded no effect, small effect or effects in sub-groups [12,13]. While there have been a few notable
exceptions [14,15], the overall pattern is of interventions that have not yielded the hypothesized impact.
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Most of these studies have focussed on changes to educational provision, or structural changes such
as increased provision before or after school [16–20], therefore, alternative intervention approaches
are needed.

Peers play a central role in adolescents’ physical activity through peer support, presence of peers
during physical activity, peer norms, friendship quality and peer affiliation and there are consistent
positive associations with physical activity/determinants of activity [21]. Peer-led interventions have
been used to target smoking, asthma, alcohol consumption and drug use [22–24]. Most of these
programs have been delivered in secondary education and trained peer supporters to influence other
pupils through information provision, skill development and creation of new social norms. We have
developed a peer-led physical activity intervention called PLAN-A aimed at increasing adolescent girls’
physical activity levels, a group whose physical activity levels are generally low and who face specific
barriers to being active. PLAN-A was initially developed for Year 8 girls and then changed to Year 9
girls to comply with changes to the consent process that were required after the introduction of new
General Data Protection Regulation (GDPR). Our formative work from a feasibility trial has shown that
the PLAN-A intervention is acceptable and feasible with evidence of promise to impact on levels of
physical activity [25,26]. The intervention is based on Diffusion of Innovations (DOI) Theory [27] and
postulates that those who are identified by their peers as influential can work as agents of change by
diffusing physical activity messages through their peer group. Peer supporters are therefore selected
by a peer nomination process and then provided with 2 days (plus a 1-day booster session) of training,
out of school, in the importance of physical activity, barriers faced by adolescent girls, and strategies to
encourage and influence the physical activity of their peers through informal diffusion and facilitating
behaviour change. Central to the intervention is the selection of the influential peer supporters.

Although peer-based interventions have become popular within the public health field, it is
unclear what the key or most desirable characteristics of peer supporters are. The majority of
peer-led interventions provide no description of selected peer supporters, and those that do typically
only compare demographics of peer supporters to the study population. However, demographic
representativeness is not necessarily the aim of peer selection. Some authors advocate selecting
on the basis of peer supporter personal characteristics such as being experienced in the topic [28],
or credible and trustworthy [29], while others emphasise network characteristics such as being popular
or well-connected within peer networks [30–32]. Such criteria may distinguish peer supporters
from the rest of the cohort and could mean that they differ from them in other ways, including
demographically, which would mean demographic representativeness could obstruct selection of the
‘best’ peer supporters. In fact, some argue that interventions should explore engaging more of the target
population as peer supporters [28], as similarities increase the persuasiveness of peer messaging [33],
although it is important that peer supporters are credible [34]. From a DOI perspective, peer supporters
should be the early adopters of the target behaviour, who are willing to embrace new concepts and act
as opinion leaders and role models whose actions create new norms and inspire uptake of the behaviour
amongst their peers [35]. While it is not clear how to easily identify the early adopters, interventions
that apply the DOI theory seek to recruit peer supporters who are ‘influential’ within their networks
and who are willing and motivated change agents. The ASSIST study (A stop smoking in schools
trial) and PLAN-A, both based on this model, use a series of questions designed to identify influential
peers using characteristics such as leadership, being respected, and being trusted [22,36]. Evaluation
of the ASSIST peer supporters focused on the extent to which peer supporters were drawn from a
diversity of different social groups and their location within their diffusion network and found that
peer supporters were drawn from a range of different social clusters, although 40–50% of clusters had
no peer supporters [32]. However, whilst this peer nomination technique should lead to the selection
of young people who are good leaders, respected, and trusted, the profiles or characteristics of the peer
supporters on other variables relevant to the behaviour that they are trying to influence (e.g., physical
activity) has not been studied in depth [37] but may be critical to the success of peer-led interventions.
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This paper will explore the characteristics of those selected as peer supporters in PLAN-A in
all schools blinded to subsequent allocation to intervention arm. We will use latent class analysis,
which uses the observed data to identify underlying classes of similar participants, to identify classes
in the whole study population, which will allow us to investigate how peer supporters are drawn from
cohort profiles based on other characteristics related to physical activity behaviour.

2. Materials and Methods

Peer-Led physical Activity iNtervention for Adolescent girls (PLAN-A) is a cluster randomised
controlled trial of a peer-led intervention to increase adolescent girls’ physical activity. This paper
uses data from the full trial [38] following the success of the earlier feasibility trial [25]. The study
was registered with ISRCTN (registration number ISRCTN14539759) and ethical approval was
obtained from the School for Policy Studies ethics and research committee at the University of
Bristol (REF—SPSREC17-18.C22). All girls in Year 9 (aged 13–14) from 20 participating schools
in Southwest England were invited to take part. Schools that expressed an interest were invited
to take part, with baseline data collected between October 2018 and February 2019. In the 20
schools there was considerable range in class size from 31 to 142, and variation in socio-economic
background with schools drawn from all five quintiles of the Index of Multiple Deprivation (http:
//data.gov.uk/dataset/index-of-multiple-deprivation). Four of the schools were in a rural county
100 miles from Bristol with the remainder within the greater Bristol region. The study applied a dual
parent and child consent process, with both pupil opt-in and parent opt-out consent received for all
participants. The trial was randomised at school level to receive either the peer supporter training
intervention or not. In total, 1558 girls consented to take part (85%) and baseline data on psychosocial
variables and accelerometer-measured physical activity were collected for all girls prior to the selection
of peer supporters. An additional 54 girls participated in the peer nomination even though they
did not consent to take part in the study or contribute baseline data; as the process was anonymous
their nominations cannot be removed from the nomination data. Thus peer supporters are identified
on the basis of 1612 nominations, but the individual data used in this analysis is from all 1558 girls
who consented to the PLAN-A trial, regardless of subsequent trial arm allocation. This paper is an
exploratory analysis of baseline data collected before the intervention, to describe the characteristics of
those selected as peer supporters and is blind to intervention status. While all girls in the year group
were eligible for nomination, regardless of if they took part, we analyse only those nominated among
the 1558 participants.

2.1. Peer Supporters

All girls were asked in an anonymous questionnaire to identify influential girls in their year by
nominating up to five names for each of the following questions: ‘who do you respect?’, ‘who are
good leaders in sports or other group activities?’, ‘who do you trust?’ and ‘who do you look up
to?’. Any nominations to people outside the school year group or not at their school were removed.
Students received just one vote per questionnaire for a nomination in any question, (i.e., if a student
was nominated for multiple questions, they received just one vote). Votes were tallied, and following
the approach of the ASSIST study [22], a cut-off number of nominations was identified for each school
representing the highest-scoring 18% (those with the most nominations) of students. All girls in the
school who received at least the cut-off number of votes were identified as potential peer supporters.
In this paper we define ‘peer supporters’ to mean potential peer supporters from all schools regardless
of subsequent allocation of schools to intervention or control trial arms or inclusion of the nominated
students in the peer supporter training; for brevity we refer to these individuals as peer supporters.

2.2. Psychosocial Variables

Participants in the trial completed a questionnaire to assess the following psychosocial
variables: self-esteem (Self Description Questionnaire II [39]), physical activity self-efficacy (Physical
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Activity Self-Efficacy Scale [40]), autonomous motivation, controlled motivation and amotivation
(the Behavioural Regulation in Exercise Questionnaire (BREQ-2) [41]) and prevalence, perceived
acceptance and perceived importance of physical activity among friends (Peer Norms Scale [42]).
In addition, we asked six questions about peer support and encouragement for physical activity:
has anyone engaged in PA with you; invited you to engage in PA; commented positively on your performance;
encouraged, watched or talked about PA with you. These were averaged to provide a measure of peer
support for physical activity.

Within self-determination theory [43] motivation types are ordered on a continuum with
autonomous motivation (enjoyment, identity and value) as high quality and positively associated
with physical activity and positive cognitive and affective outcomes [44] and controlled motivation
(guilt and external rewards/pressures) as poorer quality and often short-lived, associated with negative
psychosocial outcomes and fragile to challenge. A lack of either autonomous or controlled forms of
motivation is classed as amotivation [45]. Amotivation was measured as the average of four questions
on a 5-point scale, but was heavily skewed, and over half the girls (58%) had a zero score, corresponding
to answering ‘0 - not true for me’ for all four questions. It was thus not possible to treat amotivation as
a continuous normally distributed variable in the latent class analysis. Based on the data, we created a
binary categorical variable for amotivation, with a value of ≤0.25 representing very low amotivation
(where girls answered ‘not true for me’ for at least three questions, and no more than 1 for the last
question) and a value of >0.25 representing comparatively high amotivation. Similarly, the three peer
norm scale variables, representing values, attitudes and behaviours about physical activity among
friends, were based on an average of two questions each on a 3-point scale, and so not continuous.
For each of these we created binary categorical variables of low (0–2) versus high (3–6), with the cut-off

based on the midpoint.

2.3. Physical Activity Measures

All participants wore an ActiGraph wGT3X-BT accelerometer (Actigraph LLC, Pensacola, FL,
USA) for seven consecutive days. The accelerometer data files were downloaded using Actilife v6
(Actigraph LLC, Pensacola, FL, USA) and processed using Stata v15 ((StataCorp LLC, College Station,
TX, USA) [46]. For each participant the accelerometer data were included if they provided two or more
days of valid data. A valid day was defined as at least 500 min of data between 6 a.m. and 12 p.m.,
after excluding intervals of ≥60 min of zero counts. Raw data were collapsed into 10s intervals and
characterised as sedentary or MVPA using Evenson population-specific cut points [47]. The average
number of MVPA and sedentary minutes per weekday were derived for each participant, and whether
they met the guidelines of an average of at least 60 min of MVPA per day across the whole week
(including both weekdays and weekends).

2.4. Other Variables

Girls were additionally asked about the number of hours they typically spent engaging in specific
screen-viewing behaviours (TV, computer, phone and games consoles) on weekdays; these were
combined to estimate the total number of minutes spent on any type of screen-viewing on weekdays.
We additionally asked about ethnicity and used two measures of socio-economic position: receipt of
free school meals and the Family Affluence Scale [48] (on a scale between 0 and 9 with higher values
indicating a more affluent household), used as a proxy for family-level socio-economic position.

2.5. Statistical Analysis

We reported missing data and descriptive summaries for the psychosocial (self-esteem, physical
activity self-efficacy, motivation, physical activity values among friends and peer support for physical
activity), physical activity behaviour (average minutes of weekday MVPA, sedentary time and screen
viewing) and demographic variables (family affluence scale, receipt of free school meals and ethnicity)
for the whole study population, and the peer supporters.
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Latent class analysis is a latent variable model that uses observed variables to classify participants
with similar patterns of measured characteristics into a set of mutually exclusive latent (unobserved)
classes [49–51], similar to cluster analysis. It is a data-driven approach that uses observed data to
determine clusters (latent classes) of girls who share similar characteristics. The observed variables
may be categorical or continuous; in this analysis we used a mixture of categorical and continuous
variables. Latent class analysis estimates probabilities of class membership for participants, rather than
assigning a single class, which enables class-membership uncertainty to be appropriately modelled.

We fitted latent class models for all girls in the study, using the psychosocial variables (self-esteem,
physical activity self-efficacy, motivation, physical activity values among friends and peer support for
PA) and physical activity behaviour variables (average minutes of weekday MVPA, sedentary time and
screen viewing). We allowed a common covariance between MVPA minutes and sedentary time across
all classes since the variables are correlated in the way they have been derived (total PA is equal to the
sum of MVPA, sedentary and light physical activity). In terms of model structure, all other covariates
were assumed to be independent conditional on class membership. As described above, we used
categorical versions of amotivation and peer norm scales. The remaining variables were treated as
normally-distributed variables, rescaled to the interval [0, 1], with variances that differed between each
other and between classes. We explored different specifications for the variance to assess the sensitivity
of the final classes to these assumptions, and additionally explored sensitivity to the categorisation of
amotivation and peer norm scales.

We fitted models for 2–10 classes, and reported the Bayesian Information Criterion (BIC) [52],
where lower values indicate better model fit, and the Lo-Mendell-Rubin (LMR) [53] and bootstrapped
likelihood ratio tests (BLRT) [54] which both compare the current model to one with one fewer classes.
While there is no single criterion for choosing the optimal number of classes [55], these criteria have been
shown to perform well at identifying an appropriate number of classes. We also reported the relative
entropy, an overall measure of classification on a scale of 0 (random) to 1 (perfect classification) [56],
and the smallest class size (to identify problematic models with very small class sizes). In determining
the final number of classes, we used a mixture of the statistical criteria, parsimony and interpretability.
Once the classes had been identified we estimated the proportion of each group who were selected as
peer supporters, with confidence intervals using the Bolck, Croon, and Hagenaars (BCH) method [57,58]
which includes the classification error and is robust to assumption violations. We also described
differences in the class distribution between schools, based on most likely class membership.

We used full maximum likelihood, which uses available information from all participants and
handles missing data within the analysis model. This has been shown to produce unbiased parameter
estimates and standard errors in structural equation models when data are missing at random [59].
All analysis was performed using Mplus v8.4 (Muthén & Muthén, Los Angeles, CA, USA) [60] with
standard errors adjusted to take account of the clustering within schools, and was in addition to the
main proposed study analyses.

3. Results

Of the 1558 girls who consented to the PLAN-A trial, all provided questionnaire data and 96%
of girls provided at least 2 days of valid overall physical activity data at baseline. Missing data for
the variables used in the latent class analysis was low (Table S1), with 0–4% of psychosocial variables
and 8% of physical activity measures missing for both peer supporters and the sample as a whole.
The peer supporters represented 23% of the cohort and were similar to the whole study sample in terms
of demographics and physical activity, but they had slightly higher scores for self-esteem, physical
activity self-efficacy, autonomous motivation and value of physical activity among friends (Table 1).
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Table 1. Participant characteristics for whole sample and peer supporters.

Characteristics
All

(N = 1558)
mean (SD)

Peer Supporters
(N = 357)

mean (SD)

Demographics
Family Affluence Scale 6.8 (1.8) 7.1 (1.7)

Free school meals 11% 8%
Ethnicity

White 89% 89%
Non-white 11% 11%

Self perception
Self-esteem 1 0.67 (0.22) 0.74 (0.20)

Physical activity self-efficacy 1 0.69 (0.22) 0.77 (0.19)

Motivation
Autonomous 1 0.62 (0.25) 0.75 (0.22)

Controlled 1 0.33 (0.20) 0.34 (0.19)
Amotivation 1 0.11 (0.17) 0.06 (0.14)

PA among friends
Prevalence 1 0.49 (0.29) 0.54 (0.20)
Importance 1 0.49 (0.24) 0.55 (0.31)
Acceptance 1 0.40 (0.22) 0.44 (0.31)

PA peer support 1 0.48 (0.22) 0.53 (0.20)

PA behaviours
Average weekday MVPA (mins) 51 (20) 54 (20)

Average weekday sedentary (mins) 591 (93) 587 (86)
Average weekday screen-viewing (mins) 390 (241) 354 (208)

% meeting PA guidelines 22% 27%
1 Scaled to values between 0 and 1, for ease of comparison. MVPA = mins of moderate-to-vigorous intensity physical
activity, PA: physical activity.

Table S2 compares indicators of model fit and classification for 2–8 classes; the models for 9 and 10
classes were unstable and so we did not investigate these further. As there is no clear way to determine
an optimal number of classes, we used the BIC, LMR and BLRT to identify a subset of preferred models,
and then investigated the resulting classes in more detail. Models with 6–8 classes had the lowest
values of BIC, indicating better fit, although differences between them were small. The LMR tests
(testing the null hypothesis that each model was no better than that with one fewer classes) indicated
that the 4-class model was preferred, while the BLRT rejected the null hypothesis for all models we
explored, always preferring models with more classes. We investigated models with 4–7 classes in
more detail by considering the class definitions and interpretability. The key difference between the
5 and 6-class models was the splitting of an ‘average’ class into two with slightly higher and lower
values, but without any distinct differences between them, with the 7-class model splitting this group
still further. The 4-class model, preferred by the LMR test, did not distinguish between different types
of motivation in the low confidence and low PA value classes, which we considered to be important in
the current context. Thus, we chose the 5-class model, as it best combined simplicity and classes with
distinct and relevant features.

The 5-class model had good classification properties (relative entropy of 0.750), good certainty
about class membership (average classification probabilities were over 80% for all classes) and no
small classes (smallest class 12%). We explored several alternative model specifications, including
different variance structures and categorisation of peer norm variables, and found similar classes,
suggesting low sensitivity to variance and model assumptions. We also looked at the categorisation of
the amotivation and peer norm scales and found that using slightly different cut-offs produced very
similar classes and distribution of classes.
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The five classes are shown in Figure 1; full details are given in Table S3. The Autonomous,
Confident and High PA value class (19%) has high levels of autonomous relative to controlled motivation,
very high levels of self-esteem and self-efficacy, and high value of physical activity among friends.
The Relatively autonomous and Confident class (18%) have moderate autonomous motivation and very
low controlled motivation, high levels of self-esteem and physical activity self-efficacy, and average to
low value of physical activity among friends. The Relatively controlled and High PA value class (28%)
has moderate-to-high quantity of motivation, but of mixed quality, consisting of higher controlled
versus autonomous motivation, average self-esteem and self-efficacy and average to high value of
physical activity among friends. The Relatively controlled, Low confidence and PA value class (23%) has
lower quantity of motivation, with high levels of controlled relative to autonomous motivation and
high amotivation, low self-esteem and physical activity self-efficacy and low value of physical activity
among friends. The final Amotivated, Low confidence and PA value class (12%) has low autonomous and
controlled motivation and high amotivation, low levels of self-esteem and physical activity self-efficacy
and low value of physical activity among friends. Physical activity varied more within classes than
between classes, with the two classes characterised by low confidence and low PA value having lower
levels of MVPA on average, and the classes characterised by higher autonomous motivation and PA
value having slightly higher levels. Screen-viewing was lowest in the Autonomous, Confident and High
PA value class, and very high in the two classes characterised by low confidence and low PA value.

We estimated the proportion of girls in each class who were nominated as peer supporters.
Figure 2 shows the distribution of all girls across the five classes (left) compared to the distribution
of peer supporters in the five classes (right), and additionally the proportion of each class who were
chosen as peer supporters (shaded area, left). While nearly half of the sample (47%) are in the mixed
and autonomous motivation classes, two thirds of peer supporters (67%) are in these classes. The peer
supporters are predominantly from the mixed and autonomous motivation, with only 7% from the
Amotivated, Low confidence and PA value class but 42% from the Autonomous, Confident and High PA value
class. In addition, there were differences in socioeconomic factors between latent classes (Table S3),
with those in the Autonomous, Confident and High PA value class having a higher average family affluence
scale than the Amotivated, Low confidence and PA value class (7.5 compared to 6.1), and substantially
fewer pupils receiving free school meals (5% compared to 21%). The distribution of classes, and peer
supporters within those classes, differed substantially between schools (Figure S1). Although there
was considerable variation in school sample sizes (between 31 and 142), around half of schools (both
large and small) had no peer supporters from the Amotivated, Low confidence and PA value class and a
fifth had none from the Relatively controlled, Low confidence and PA value class.



Int. J. Environ. Res. Public Health 2020, 17, 7980 8 of 15Int. J. Environ. Res. Public Health 2020, 17, x  8 of 15 

 

 
Figure 1. Characteristics of the five classes. Vertical axis is centred on the overall study mean for each variable and scaled to the range of the classes. MVPA = mins 
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4. Discussion

We found that in PLAN-A, peer supporters were more likely to be characterised by autonomous
motivation and high self-esteem than their broader peer group. This is unsurprising as the peer
nomination process was designed to identify influential girls who might be expected to differ from
their peers. However, peer supporters differed markedly from the whole study sample despite being
similar in terms of simple demographics such as ethnicity and socio-economic status. Moreover,
our latent class analysis provides a more detailed exploration of the characteristics of peer supporters
and a deeper understanding of how they differ from their peers than that given by simple overall
comparisons, which may miss potentially important differences. Thus, peer-led interventions should
not rely solely on the basis of demographic comparisons to understand the characteristics of peer
supporters and explore any differences with their peers, as this can mask important variation within
subgroups. It is therefore important that future studies also examine the broader characteristics of the
peer supporters and how they are identified.

The classes grouped girls according to self-esteem, physical activity self-efficacy, motivation,
physical activity values and support among friends and physical activity behaviour. As a result, we do
not have details of friendship networks to be able to determine how connected the peer supporters
were to their peers, or to determine if there were clusters without representation who might remain
isolated. Classes more strongly reflected the psychosocial measures than physical activity behaviour,
and so peer supporters were predominantly girls with autonomous motivation (that is motivation for
being active for enjoyment, personal value or alignment with their broader sense of self) and positive
attitudes about physical activity.

While on average girls in these classes engage in more MVPA and less screen-viewing than
those in other classes, the large variability means that it is not possible to draw conclusions about the
physical activity of peer supporter. While it could be that influential girls were more likely to belong to
the Autonomous, Confident and High PA value class, it could also be the case that the peer nomination
process was more likely to identify confident and motivated girls. Although the peer nomination
questions were intended to be general and not specifically focused on physical activity, biases may have
crept in. For example, information and consent procedures included reference to activity monitors
and occurred prior to nomination, and although a standardised script was followed when the peer
nomination process was introduced to participants, it may be that verbal cues to physical activity
were made beforehand (e.g., from teachers who may have made generic reference to ‘the sport study’
or ‘the physical activity project’). Furthermore, the question ‘who are good leaders in sports or other
group activities?’ specifically mentions sport as a criterion.

The DOI theory [27] is based on the idea that peer supporters will talk with their friends, model
active behaviours and positive attitudes towards physical activity, and create new norms and that
these attitudes and behaviours will diffuse throughout their close network. In PLAN-A the nomination
process was anonymous (in terms of the person making the nominations) so that young people are
free to nominate any of their peer group, without fear of disclosure or negative implications on their
friendships. However, the latent class analysis used questions about the prevalence, importance,
acceptability and general support for physical activity among their friends, and so the classes do reflect
some social aspects of friendship groups, particularly with regard to attitudes towards physical activity.
While the distribution of peer supporters is unequal, there are representatives in all five classes overall,
so the nomination process did capture girls from groups with diverse psychosocial attitudes towards
physical activity. However, the distribution of the peer supporters varied substantially between
schools, with some schools having no peer supporters in the Amotivated, Low confidence and PA value
class, despite having fair proportions of year 9 girls within this class. These classes are data-driven
rather than genuine observed cliques (which the girls themselves might recognize), and we should
not assume that girls in different classes do not interact with each other. However, a social network
analysis of the ASSIST study [32] found nearly half of clusters contained no peer supporters, and so
this does highlight the importance of reaching girls who may fall outside the influence networks of the
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peer supporters. It is therefore particularly important that the peer supporters can understand the
barriers that other girls might face to being active and use peer support strategies which take these into
account. Indeed, empathy, support and supporting peers’ autonomous motivation (i.e., helping peers
to find/try a physical activity that they value or enjoy—in and of itself, or for reasons such as spending
time with friends) is a fundamental foundation of the PLAN-A peer-supporter training. Our feasibility
study process evaluation demonstrated that girls identified the need for and were adept at using subtle,
empathic and autonomy-supportive peer support techniques [61].

There was substantial variation between schools, both in terms of the distribution of classes and of
peer supporters within those classes, although sample sizes were small in some schools. For example, in
some schools, the dominant profiles were characterised by amotivation, controlled motivation and low
friend PA values, whereas others were dominated by profiles of higher quality autonomous motivation,
greater confidence and higher friend PA value. This is not surprising, as the schools in the study are
socio-economically diverse, in terms of deprivation and urban/rural location, and the classes differed
in socio-economic factors such as family affluence scale and those receiving free school meals (Table S3
in Supplementary Material). However, the large between-school variation may also reflect other
school differences, both PA-related factors (such as the importance placed on PA, common attitudes
towards and provision for girls being active) and non-PA factors (such as socio-economic factors and
social groupings). Further research is needed to explore the importance of the wider school context,
but this could play an important role in the understanding of peer-led interventions, where social
structure is central to the theory underpinning the intervention. Currently, peer-led interventions
focus on individual effects. Previous work has shown that friends play an important role in physical
activity, with similar activity levels between children and their close friends, and evidence that friends
influence each other’s physical activity among adolescents [62–64]. In addition, the importance of
friendship networks increases as children age, with around 20% of the variability in MVPA attributable
to friendship networks for girls at age 11 [65]. Thus, there may be mediating effects at school and/or
network level as well as at an individual level. Analysis of such effects is likely to be complex and it
may be difficult to estimate school or network effects in studies that are powered to detect individual
intervention effects.

To better understand whether peer-led interventions have successfully recruited their target group,
peer-led interventions need to be clear about who they intend to recruit. This can be helped by linking
peer supporter characteristics to an underlying theory or theories of how peers are expected to influence
their friends’ behaviour. It would also be advantageous for peer nomination, or selection techniques to
be validated using other indicators of the desired peer-supporter characteristic (e.g., being influential,
however this is defined). Statistical techniques, such as latent class analysis or social network analysis,
may also provide insights into identifying influential actors, validating the peer nomination process or
exploring the characteristics of those recruited. In addition, future interventions could explore the
social dynamics of the school and peer social networks rather than just concentrate on individual effects.
It is important to recognize that peer-led interventions are set within the context of friendship groups
which often change during secondary school. As such, it may be the case that these programs need
to be flexible to take account of these changes, for example, by repeating the friendship nomination
process to assess changes.

Strengths and Limitations

The major strength of this paper is the novel application of latent class analysis to compare the
characteristics of peer supporters and fellow students within the school year group. The study is also
strengthened by the low level of missing data and the use of a range of psychosocial variables and
accelerometer-assessed physical activity. The current study does, however, have several limitations
that need to be recognised. First, the study was conducted in the Southwest of England with only Year
9 girls and whilst providing an in-depth insight into this group, the ability to generalise to other areas,
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ages and boys is limited. There is also a lack of other contextual data such as information on sport
participation or membership of social networks which may have been helpful.

5. Conclusions

In this paper, using psychosocial and behavioural variables related to PA we identified five
latent classes of girls participating in the PLAN-A study, and found that the distribution of peer
supporters across the classes differed notably from the whole study population. However, this was not
evident from a comparison of overall demographics. The selection of peer supporters is an integral
component of peer-led interventions and may play a critical role in their success. It is therefore
essential that peer-led interventions are clear about who they intend to recruit and that the selection
and characteristics of peer supporters are explored in detail and linked to underlying theory. Simple
reporting of overall demographic comparisons may mask important within-subgroup differences.
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Table S1: Missing data for the whole study and among peer supporters; Table S2: Model fit and classification
for models with 2–10 classes; Table S3: Item response probabilities and means for final 5-class model; Figure S1:
Distribution of classes and peer supporters between schools; Mplus code.

Author Contributions: Conceptualization, R.S. and R.J.; formal analysis R.S.; data curation B.T.; writing—original
draft preparation R.S. and R.J.; writing—review and editing, R.S., S.J.S., B.T., E.S., R.K., K.W., S.J.M.; project
administration, B.T.; funding acquisition R.J., S.J.S. and S.J.M. All authors have read and agreed to the published
version of the manuscript.

Funding: This project was funded by the National Institute for Health Research [Public Health Research
Programme] (project number 17/50/01). The views and opinions expressed therein are those of the authors and do
not necessarily reflect those of the NIHR Public Health Research Programme, NIHR, NHS or the Department of
Health. This study was designed and delivered in collaboration with the Bristol Randomised Trials Collaboration
(BRTC), a UKCRC Registered Clinical Trials Unit which, as part of the Bristol Trials Centre, is in receipt of National
Institute for Health Research CTU support funding. The sponsor of this study is University of Bristol, Research
and Enterprise Development, One Cathedral Square, Bristol, BS1 5DD, UK www.bristol.ac.uk/red/. The costs of
delivering the intervention were funded by Sport England.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

Data Availability: The datasets generated during the current study are not publicly available due as the project is
ongoing and data are not ready for archiving. We will consider reasonable requests for access to the data after the
project is complete in 2021.

References

1. Andersen, L.B.; Harro, M.; Sardinha, L.B.; Froberg, K.; Ekelund, U.; Brage, S.; Anderssen, S.A. Physical
activity and clustered cardiovascular risk in children: A cross-sectional study (The European Youth Heart
Study). Lancet 2006, 368, 299–304. [CrossRef]

2. Ekelund, U.; Luan, J.; Sherar, L.B.; Esliger, D.W.; Griew, P.; Cooper, A. International Children’s Accelerometry
Database C: Moderate to vigorous physical activity and sedentary time and cardiometabolic risk factors in
children and adolescents. JAMA 2012, 307, 704–712. [CrossRef] [PubMed]

3. Jago, R.; Baranowski, T.; Baranowski, J.C.; Thompson, D.; Greaves, K.A. BMI from 3–6 y of age is predicted
by TV viewing and physical activity, not diet. Int. J. Obes. Relat. Metab. Disord. 2005, 29, 557–564. [CrossRef]
[PubMed]

4. Jago, R.; Wedderkopp, N.; Kristensen, P.L.; Moller, N.C.; Andersen, L.B.; Cooper, A.R.; Froberg, K. Six-year
change in youth physical activity and effect on fasting insulin and HOMA-IR. Am. J. Prev. Med. 2008, 35,
554–560. [CrossRef] [PubMed]

5. Parfitt, G.; Eston, R.G. The relationship between children’s habitual activity level and psychological well-being.
Acta Paediatr. 2005, 94, 1791–1797. [CrossRef]

6. UK Chief Medical Officers. UK Chief Medical Officers’ Physical Activity Guidelines; Department of Health and
Social Care: London, UK, 2019.

http://www.mdpi.com/1660-4601/17/21/7980/s1
www.bristol.ac.uk/red/
http://dx.doi.org/10.1016/S0140-6736(06)69075-2
http://dx.doi.org/10.1001/jama.2012.156
http://www.ncbi.nlm.nih.gov/pubmed/22337681
http://dx.doi.org/10.1038/sj.ijo.0802969
http://www.ncbi.nlm.nih.gov/pubmed/15889113
http://dx.doi.org/10.1016/j.amepre.2008.07.007
http://www.ncbi.nlm.nih.gov/pubmed/18848414
http://dx.doi.org/10.1111/j.1651-2227.2005.tb01855.x


Int. J. Environ. Res. Public Health 2020, 17, 7980 13 of 15

7. Cooper, A.R.; Goodman, A.; Page, A.S.; Sherar, L.B.; Esliger, D.W.; van Sluijs, E.M.; Andersen, L.B.;
Anderssen, S.; Cardon, G.; Davey, R.; et al. Objectively measured physical activity and sedentary time in
youth: The International children’s accelerometry database (ICAD). Int. J. Behav. Nutr. Phys. Act 2015,
12, 113. [CrossRef]

8. Steene-Johannessen, J.; Hansen, B.H.; Dalene, K.E.; Kolle, E.; Northstone, K.; Moller, N.C.; Grontved, A.;
Wedderkopp, N.; Kriemler, S.; Page, A.S.; et al. Variations in accelerometry measured physical activity and
sedentary time across Europe—Harmonized analyses of 47,497 children and adolescents. Int. J. Behav. Nutr.
Phys. Act. 2020, 17, 38. [CrossRef]

9. Jago, R.; Salway, R.; Emm-Collison, L.; Sebire, S.J.; Thompson, J.L.; Lawlor, D.A. Association of BMI category
with change in children’s physical activity between ages 6 and 11 years: A longitudinal study. Int. J. Obes.
2020, 44, 104–113. [CrossRef]

10. Telama, R. Tracking of physical activity from childhood to adulthood: A review. Obes. Facts 2009, 2, 187–195.
[CrossRef]

11. Telama, R.; Yang, X.; Leskinen, E.; Kankaanpaa, A.; Hirvensalo, M.; Tammelin, T.; Viikari, J.S.; Raitakari, O.T.
Tracking of physical activity from early childhood through youth into adulthood. Med. Sci. Sports Exerc.
2014, 46, 955–962. [CrossRef]

12. van Sluijs, E.M.; McMinn, A.M.; Griffin, S.J. Effectiveness of interventions to promote physical activity in
children and adolescents: Systematic review of controlled trials. BMJ 2007, 335, 703. [CrossRef] [PubMed]

13. Metcalf, B.; Henley, W.; Wilkin, T. Effectiveness of intervention on physical activity of children: Systematic
review and meta-analysis of controlled trials with objectively measured outcomes (EarlyBird 54). BMJ 2012,
345, e5888. [CrossRef] [PubMed]

14. Sutherland, R.; Campbell, E.; Lubans, D.R.; Morgan, P.J.; Okely, A.D.; Nathan, N.; Wolfenden, L.; Wiese, J.;
Gillham, K.; Hollis, J.; et al. ‘Physical Activity 4 Everyone’ school-based intervention to prevent decline in
adolescent physical activity levels: 12 month (mid-intervention) report on a cluster randomised trial. Br. J.
Sports Med. 2016, 50, 488–495. [CrossRef] [PubMed]

15. Sutherland, R.L.; Campbell, E.M.; Lubans, D.R.; Morgan, P.J.; Nathan, N.K.; Wolfenden, L.; Okely, A.D.;
Gillham, K.E.; Hollis, J.L.; Oldmeadow, C.J.; et al. The Physical Activity 4 Everyone Cluster Randomized
Trial: 2-Year Outcomes of a School Physical Activity Intervention Among Adolescents. Am. J. Prev. Med.
2016, 51, 195–205. [CrossRef]

16. Jago, R.; Tibbitts, B.; Porter, A.; Sanderson, E.; Bird, E.; Powell, J.E.; Metcalfe, C.; Sebire, S.J. A revised teaching
assistant-led extracurricular physical activity programme for 8- to 10-year-olds: The Action 3:30R feasibility
cluster RCT. Public Health Res. 2019, 7, 19. [CrossRef]

17. Jago, R.; Tibbitts, B.; Sanderson, E.; Bird, E.L.; Porter, A.; Metcalfe, C.; Powell, J.E.; Gillett, D.; Sebire, S.J. Action
3:30R: Results of a Cluster Randomised Feasibility Study of a Revised Teaching Assistant-Led Extracurricular
Physical Activity Intervention for 8 to 10 Year Olds. Int. J. Environ. Res. Public Health 2019, 16, 131. [CrossRef]

18. Tibbitts, B.; Porter, A.; Sebire, S.J.; Bird, E.L.; Sanderson, E.; Metcalfe, C.; Powell, J.E.; Jago, R. Action 3:30R:
Process evaluation of a cluster randomised feasibility study of a revised teaching assistant-led extracurricular
physical activity intervention for 8 to 10 year olds. BMC Public Health 2019, 19, 1111. [CrossRef]

19. Mears, R.; Jago, R. Effectiveness of after-school interventions at increasing moderate-to-vigorous physical
activity levels in 5- to 18-year olds: A systematic review and meta-analysis. Br. J. Sports Med. 2016, 50,
1315–1324. [CrossRef]

20. Jago, R.; Edwards, M.J.; Sebire, S.J.; Tomkinson, K.; Bird, E.L.; Banfield, K.; May, T.; Kesten, J.M.; Cooper, A.R.;
Powell, J.E.; et al. Effect and cost of an after-school dance programme on the physical activity of 11–12 year
old girls: The Bristol Girls Dance Project, a school-based cluster randomised controlled trial. Int. J. Behav.
Nutr. Phys. Act. 2015, 12, 128. [CrossRef]

21. Fitzgerald, A.; Fitzgerald, N.; Aherne, C. Do peers matter? A review of peer and/or friends’ influence on
physical activity among American adolescents. J. Adolesc. 2012, 35, 941–958. [CrossRef]

22. Campbell, R.; Starkey, F.; Holliday, J.; Audrey, S.; Bloor, M.; Parry-Langdon, N.; Hughes, R.; Moore, L.
An informal school-based peer-led intervention for smoking prevention in adolescence (ASSIST): A cluster
randomised trial. Lancet 2008, 371, 1595–1602. [CrossRef]

23. Mellanby, A.R.; Rees, J.B.; Tripp, J.H. Peer-led and adult-led school health education: A critical review of
available comparative research. Health Educ. Res. 2000, 15, 533–545. [CrossRef]

http://dx.doi.org/10.1186/s12966-015-0274-5
http://dx.doi.org/10.1186/s12966-020-00930-x
http://dx.doi.org/10.1038/s41366-019-0459-0
http://dx.doi.org/10.1159/000222244
http://dx.doi.org/10.1249/MSS.0000000000000181
http://dx.doi.org/10.1136/bmj.39320.843947.BE
http://www.ncbi.nlm.nih.gov/pubmed/17884863
http://dx.doi.org/10.1136/bmj.e5888
http://www.ncbi.nlm.nih.gov/pubmed/23044984
http://dx.doi.org/10.1136/bjsports-2014-094523
http://www.ncbi.nlm.nih.gov/pubmed/26359346
http://dx.doi.org/10.1016/j.amepre.2016.02.020
http://dx.doi.org/10.3310/phr07190
http://dx.doi.org/10.3390/ijerph16010131
http://dx.doi.org/10.1186/s12889-019-7347-3
http://dx.doi.org/10.1136/bjsports-2015-094976
http://dx.doi.org/10.1186/s12966-015-0289-y
http://dx.doi.org/10.1016/j.adolescence.2012.01.002
http://dx.doi.org/10.1016/S0140-6736(08)60692-3
http://dx.doi.org/10.1093/her/15.5.533


Int. J. Environ. Res. Public Health 2020, 17, 7980 14 of 15

24. Ginis, K.A.; Nigg, C.R.; Smith, A.L. Peer-delivered physical activity interventions: An overlooked opportunity
for physical activity promotion. Transl. Behav. Med. 2013, 3, 434–443. [CrossRef]

25. Sebire, S.J.; Edwards, M.J.; Campbell, R.; Jago, R.; Kipping, R.; Banfield, K.; Tomkinson, K.; Garfield, K.;
Lyons, R.A.; Simon, J.; et al. Protocol for a feasibility cluster randomised controlled trial of a peer-led
school-based intervention to increase the physical activity of adolescent girls (PLAN-A). Pilot Feasibility Stud.
2016, 2, 1–10.

26. Sebire, S.J.; Jago, R.; Banfield, K.; Edwards, M.J.; Campbell, R.; Kipping, R.; Blair, P.S.; Kadir, B.; Garfield, K.;
Matthews, J.; et al. Results of a feasibility cluster randomised controlled trial of a peer-led school-based
intervention to increase the physical activity of adolescent girls (PLAN-A). Int. J. Behav. Nutr. Phys. Act.
2018, 15, 50. [CrossRef]

27. Rogers, E.M. Diffusion of Innovations; The Free Press: New York, NY, USA, 1983.
28. Harden, A.; Weston, R.; Oakley, A. A Review of the Effectiveness and Appropriateness of Peer-Delivered

Health Promotion Interventions for Young People. In Evidence for Policy and Practice Information and
Co-ordinating Centre; University of London: London, UK, 1999.

29. Audrey, S.; Holliday, J.; Campbell, R. It’s good to talk: Adolescent perspectives of an informal, peer-led
intervention to reduce smoking. Soc. Sci. Med. 2006, 63, 320–334. [CrossRef]

30. van Woudenberg, T.J.; Bevelander, K.E.; Burk, W.J.; Smit, C.R.; Buijs, L.; Buijzen, M. A randomized controlled
trial testing a social network intervention to promote physical activity among adolescents. BMC Public Health
2018, 18, 542. [CrossRef] [PubMed]

31. van Woudenberg, T.J.; Simoski, B.; Fernandes de Mello Araujo, E.; Bevelander, K.E.; Burk, W.J.; Smit, C.R.;
Buijs, L.; Klein, M.; Buijzen, M. Identifying Influence Agents That Promote Physical Activity Through the
Simulation of Social Network Interventions: Agent-Based Modeling Study. J. Med. Internet Res. 2019,
21, e12914. [CrossRef]

32. Steglich, C.; Sinclair, P.; Holliday, J.; Moore, L. Actor-based analysis of peer influence in A Stop Smoking in
Schools Trial (ASSIST). Soc. Netw. 2012, 34, 359–369. [CrossRef]

33. Audrey, S.; Holliday, J.; Parry-Langdon, N.; Campbell, R. Meeting the challenges of implementing process
evaluation within randomized controlled trials: The example of ASSIST (A Stop Smoking in Schools Trial).
Health Educ. Res. 2006, 21, 366–377. [CrossRef]

34. Dobbie, F.; Purves, R.; McKell, J.; Dougall, N.; Campbell, R.; White, J.; Amos, A.; Moore, L.; Bauld, L.
Implementation of a peer-led school based smoking prevention programme: A mixed methods process
evaluation. BMC Public Health 2019, 19, 742. [CrossRef]

35. Kaminski, J. Diffusion of Innovation Theory. Can. J. Nurs. Inform. 2011, 6, 1–6.
36. Holliday, J.; Audrey, S.; Campbell, R.; Moore, L. Identifying Well-Connected Opinion Leaders for Informal

Health Promotion: The Example of the ASSIST Smoking Prevention Program. Health Commun. 2016, 31,
946–953. [CrossRef]

37. Starkey, F.; Audrey, S.; Holliday, J.; Moore, L.; Campbell, R. Identifying influential young people to
undertake effective peer-led health promotion: The example of A Stop Smoking In Schools Trial (ASSIST).
Health Educ. Res. 2009, 24, 977–988. [CrossRef]

38. Willis, K.; Tibbitts, B.; Sebire, S.J.; Reid, T.; MacNeill, S.J.; Sanderson, E.; Hollingworth, W.; Kandiyali, R.;
Campbell, R.; Kipping, R.R.; et al. Protocol for a cluster randomised controlled trial of a Peer-Led physical
Activity iNtervention for Adolescent girls (PLAN-A). BMC Public Health 2019, 19, 644. [CrossRef]

39. Marsh, H.W. Self Description Questionnaire (SDQ) II: A Theoretical and Empirical Basis for the Measurement of
Multiple Dimensions of Adolescent Self-Concept; Faculty of Education, University of Western Sydney: Macarthur,
NSW, Australia, 1992.

40. Bartholomew, J.B.; Loukas, A.; Jowers, E.M.; Allua, S. Validation of the Physical Activity Self-Efficacy
Scale_ Testing Measurement Invariance Between Hispanic and Caucasian children. J. Phys. Act. Health 2006,
3, 70–78. [CrossRef]

41. Markland, D.; Tobin, V. A Modification to the Behavioural Regulation in Exercise Questionnaire to Include
an Assessment of Amotivation. J. Sport Exerc. Psychol. 2004, 26, 191–196. [CrossRef]

42. Ling, J.; Robbins, L.B.; Resnicow, K.; Bakhoya, M. Social support and peer norms scales for physical activity
in adolescents. Am. J. Health Behav. 2014, 38, 881–889. [CrossRef]

43. Ryan, R.M.; Deci, E.L. Self-Determination Theory: Basic Psychological Needs in Motivation, Development,
and Wellness; Guilford Press: New York, NY, USA, 2017.

http://dx.doi.org/10.1007/s13142-013-0215-2
http://dx.doi.org/10.1186/s12966-018-0682-4
http://dx.doi.org/10.1016/j.socscimed.2005.12.010
http://dx.doi.org/10.1186/s12889-018-5451-4
http://www.ncbi.nlm.nih.gov/pubmed/29685112
http://dx.doi.org/10.2196/12914
http://dx.doi.org/10.1016/j.socnet.2010.07.001
http://dx.doi.org/10.1093/her/cyl029
http://dx.doi.org/10.1186/s12889-019-7112-7
http://dx.doi.org/10.1080/10410236.2015.1020264
http://dx.doi.org/10.1093/her/cyp045
http://dx.doi.org/10.1186/s12889-019-7012-x
http://dx.doi.org/10.1123/jpah.3.1.70
http://dx.doi.org/10.1123/jsep.26.2.191
http://dx.doi.org/10.5993/AJHB.38.6.10


Int. J. Environ. Res. Public Health 2020, 17, 7980 15 of 15

44. Teixeira, P.J.; Carraca, E.V.; Markland, D.; Silva, M.N.; Ryan, R.M. Exercise, physical activity,
and self-determination theory: A systematic review. Int. J. Behav. Nutr. Phys. Act. 2012, 9, 78. [CrossRef]

45. Ryan, R.M.; Deci, E.L. Self-determination theory and the facilitation of intrinsic motivation, social
development, and well-being. Am. Psychol. 2000, 55, 68–78. [CrossRef]

46. StataCorp. Stata Statistical Software: Release 15; StataCorp LLC: College Station, TX, USA, 2017.
47. Evenson, K.R.; Catellier, D.J.; Gill, K.; Ondrak, K.S.; McMurray, R.G. Calibration of two objective measures of

physical activity for children. J. Sports Sci. 2008, 26, 1557–1565. [CrossRef]
48. Boyce, W.; Torsheim, T.; Currie, C.; Zambon, A. The Family Affluence Scale as a Measure of National Wealth:

Validation of an Adolescent Self-Report Measure. Soc. Indic. Res. 2006, 78, 473–487. [CrossRef]
49. Collins, L.M.; Lanza, S.T. Latent Class and Latent Transition Analysis: With Applications in the Social, Behavioral,

and Health Sciences; Wiley: Hoboken, NJ, USA, 2010.
50. Masyn, K. Latent Class Analysis and Finite Mixture Modeling. In The Oxford Handbook of Quantitative Methods;

Little, T.D., Ed.; Oxford University Press: Oxford, UK, 2013; Volume 2, pp. 551–611.
51. Berlin, K.S.; Williams, N.A.; Parra, G.R. An Introduction to latent variable mixture modeling (Part 1):

Overview and cross-sectional latent class and latent profile analysis. J. Pediatr. Psychol. 2013, 39, 174–187.
[CrossRef]

52. Spiegelhalter, D.J.; Best, N.G.; Carlin, B.R.; van der Linde, A. Bayesian measures of model complexity and fit.
J. Roy. Stat. Soc. B 2002, 64, 583–616. [CrossRef]

53. Lo, Y.; Mendell, N.; Rubin, D. Testing the number of components in a normal mixture. Biometrika 2001, 88,
767–778. [CrossRef]

54. McLachlan, G.; Peel, D. Finite Mixture Models; Wiley: New York, NY, USA, 2000.
55. Nylund, K.; Asparouhov, T.; Muthén, B. Deciding on the Number of Classes in Latent Class Analysis and

Growth Mixture Modeling: A Monte Carlo Simulation Study. Struct. Equ. Model. 2007, 14, 535–569. [CrossRef]
56. Celeux, G.; Saromenho, G. An entropy criterion for assessing the number of clusters in a mixture model.

J. Classif. 1996, 13, 195–212. [CrossRef]
57. Bolck, A.; Croon, M.A.; Hagenaars, J.A. Estimating latent structure models with categorical variables:

One-step versus three-step estimators. Polit. Anal. 2004, 12, 3–27. [CrossRef]
58. Vermunt, J.K. Latent class modeling with covariates: Two improved three-step approaches. Polit. Anal. 2010,

18, 450–469. [CrossRef]
59. Enders, C.K.; Bandalos, D.L. The Relative Performance of Full Information Maximum Likelihood Estimation

for Missing Data in Structural Equation Models. Struct. Equ. Model. 2001, 8, 430–457. [CrossRef]
60. Muthén, L.K.; Muthén, B.O. Mplus User’s Guide, 8th ed.; Muthén & Muthén: Los Angeles, CA, USA,

1998–2017.
61. Sebire, S.J.; Banfield, K.; Jago, R.; Edwards, M.J.; Campbell, R.; Kipping, R.; Blair, P.S.; Kadir, B.; Garfield, K.;

Matthews, J.; et al. A process evaluation of the PLAN-A intervention (Peer-Led physical Activity iNtervention
for Adolescent girls). BMC Public Health 2019, 19, 1203. [CrossRef] [PubMed]

62. Salway, R.E.; Sebire, S.J.; Solomon-Moore, E.; Thompson, J.L.; Jago, R. Associations within school-based
same-sex friendship networks of children’s physical activity and sedentary behaviours: A cross-sectional
social network analysis. Int. J. Behav. Nutr. Phys. Act. 2018, 15, 18. [CrossRef] [PubMed]

63. de la Haye, K.; Robins, G.; Mohr, P.; Wilson, C. How physical activity shapes, and is shaped by, adolescent
friendships. Soc. Sci. Med. 2011, 73, 719–728. [CrossRef] [PubMed]

64. Macdonald-Wallis, K.; Jago, R.; Sterne, J.A.C. Social Network Analysis of Childhood and Youth Physical
Activity: A Systematic Review. Am. J. Prev. Med. 2012, 43, 636–642. [CrossRef]

65. Salway, R.; Emm-Collison, L.; Sebire, S.J.; Thompson, J.L.; Lawlor, D.A.; Jago, R. A Multilevel Analysis
of Neighbourhood, School, Friend and Individual-Level Variation in Primary School Children’s Physical
Activity. Int. J. Environ. Res. Public Health 2019, 16, 4889. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1186/1479-5868-9-78
http://dx.doi.org/10.1037/0003-066X.55.1.68
http://dx.doi.org/10.1080/02640410802334196
http://dx.doi.org/10.1007/s11205-005-1607-6
http://dx.doi.org/10.1093/jpepsy/jst084
http://dx.doi.org/10.1111/1467-9868.00353
http://dx.doi.org/10.1093/biomet/88.3.767
http://dx.doi.org/10.1080/10705510701575396
http://dx.doi.org/10.1007/BF01246098
http://dx.doi.org/10.1093/pan/mph001
http://dx.doi.org/10.1093/pan/mpq025
http://dx.doi.org/10.1207/S15328007SEM0803_5
http://dx.doi.org/10.1186/s12889-019-7545-z
http://www.ncbi.nlm.nih.gov/pubmed/31477088
http://dx.doi.org/10.1186/s12966-018-0653-9
http://www.ncbi.nlm.nih.gov/pubmed/29467006
http://dx.doi.org/10.1016/j.socscimed.2011.06.023
http://www.ncbi.nlm.nih.gov/pubmed/21802807
http://dx.doi.org/10.1016/j.amepre.2012.08.021
http://dx.doi.org/10.3390/ijerph16244889
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Peer Supporters 
	Psychosocial Variables 
	Physical Activity Measures 
	Other Variables 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

