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Changing trajectory of daily physical activity =
levels among at-risk adolescents: influences
of motivational mechanisms
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Abstract

Background Guided by Self-Determination Theory (SDT), the purpose of this study was to determine changes

in the 16-week moderate-to-vigorous physical activity (MVPA) trajectory of underserved adolescents who participated
in the Connect through PLAY afterschool program intervention and the effects of changes in participating adoles-
cents'intrinsic and autonomous extrinsic motivations on their MVPA trajectory over the 16-week intervention.

Methods A subsample of 113 adolescents (56.64% female; 61.06% African American; average age = 11.29) provided
complete data throughout the 16-week intervention were examined. Adolescents' objective daily MVPA was meas-
ured using 7- day accelerometer data. Changes in adolescents’intrinsic motivation and autonomous extrinsic motiva-
tion were assessed using subscales from the Intrinsic Motivation Inventory [1] and the Treatment Self-Regulation
Questionnaire [2] respectively. A hierarchical linear model was built and tested to address the research aims.

Results The results of hierarchical linear models showed that, on average, youth daily MVPA increased 6.36 minutes
in each 8-week period. Intrinsic motivation change, but not autonomous extrinsic motivation, was a positive and sig-
nificant level-2 predictor of daily MVPA changes.

Conclusion The findings provide significant evidence suggesting a benefit of integrating SDT-based approaches
and further suggest that nurturing intrinsic motivation can be an effective approach to supporting youth daily MVPA
in under-resourced afterschool programs.

Trial registration Connect Through PLAY: A Staff-based Physical Activity Intervention for Middle School Youth (Con-
nect). https://clinicaltrials.gov/ct2/show/NCT03732144. Registered November 61, 2018.

Keywords Moderate to vigorous physical activity, Community based intervention, Health disparities, Minorities,
Intrinsic motivation

Introduction
Obesity and related chronic health issues affect the lives
of many adolescents in the United States, partially due
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this time that individuals establish long-term patterns of
healthy behaviors and lifestyle choices that promote sus-
tained physical activity, health, and wellbeing through
adulthood [3, 4]. However, recent national studies indi-
cate that only approximately 24% of children aged 6-17
years participate in 60 minutes of moderate-to-vigorous
physical activity (MVPA) each day and significantly fewer
adolescents (i.e., 7.5% of 12-15-year-olds, and 5.1% of
16-19-year-olds) meet MVPA recommendations com-
pared to that of younger children (42.5% of 6-11-year-
olds) [5]. The situation is particularly dire for adolescents
from underserved, minority communities, as they face
additional barriers, including lack of access to PA sup-
portive practices, expensive “pay-to-play” recreational
activity models, facility and equipment shortages, and
high teacher or staff burn out rate [6]. Consequently,
underserved minority youth have been consistently iden-
tified as having the lowest rates of PA [6] and the greatest
need for PA intervention.

Afterschool programs (ASPs) are considered highly
feasible sites for PA promotion and commonly offer vari-
ous PA programs and opportunities that can be used to
supplement PA time for adolescents [7]. Recent data
indicates that over 7.8 million children and adolescents
in the United States participate in ASPs that support
healthy eating and PA opportunities [5] and have nota-
ble reach to minority youth within underserved com-
munities [8]. ASPs can promote levels of daily PA time
among youth and can also benefit them both socially
and mentally [9]. Drawing from research on high qual-
ity physical education (PE) classroom instruction [10],
researchers have begun to emphasize the need to foster
a positive motivational climate as central to their pro-
gramming to enhance youth’s meaningful and physically
active learning experiences within ASPs [2, 8]. Several
studies support that addressing social-motivational cli-
mate factors within ASPs could directly and/or indirectly,
through intrapersonal motivational factors, influence
adolescents’ PA participation [7, 9, 11, 12]. However,
few studies have examined the key mechanisms through
which a positive motivational climate intervention can
support increases in adolescent MVPA. Informed by the
Basic Needs Theory of the Self-Determination Frame-
work (BNT) [13], the Connect through Positive Leisure
Activities for Youth (PLAY) intervention is designed
to establish an ASP climate that meets youth needs for
autonomy, competence, and relatedness. Developmental
and neurobiological research has indicated that biologi-
cal and social-contextual developmental changes during
early-to-middle adolescence (between the ages of 9 to
15 years old), also heighten motivational needs for social
connections, meaningful interpersonal relationships, and
the need for self-preservation within social contexts [14,
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15]. Therefore, the Connect through PLAY intervention
aims to meet youth basic needs for PA through fostering
strong connections with peers and program staff, defin-
ing achievement (competence) through meeting social
affiliation goals for PA [16, 17], and providing daily activ-
ity opportunities where all individuals have input/own-
ership over program components (autonomy) and feel
they are valuable contributors to the group (relatedness)
[8, 11]. In turn, settings that meet youth basic needs are
expected to improve youth motivation and engagement
in a program’s health initiatives/goals [18, 19]. How-
ever, youth motivation orientations are complex, with
expected variations in the degree to which they are self-
determined, and the nature in which they may change
from a social-motivational climate intervention. As a
key proposed mechanism of social-motivational climate
interventions, it is critical to identify key motivational
mechanisms, and their changes, that effectively promote
PA in order to develop effective interventions among
youth within underserved communities.

Self-determination theory: key motivational mechanisms

According to Deci and Ryan [20], the need for autonomy,
competence, and relatedness are three basic sources for
human motivation, while satisfaction determines indi-
viduals’ degree of self-determined motivation. The need
for autonomy refers to people’s desire to be the cause
agent in their world [21]. If a behavior satisfies the need
for autonomy, he or she will feel self-determined in his/
her action rather than feeling controlled or obliged to
act. The need for competence is satisfied through the
pursuit of autonomously motivated behaviors that lead
to perceptions of success and control of outcomes [21].
The relatedness need refers to the innate desire to be sup-
ported by or supportive to others when engaging in the
activity [21]. Deci and Ryan [20] propose that the extent
to which the three basic needs are satisfied determines
the degree of autonomous extrinsic motivation people
will experience when doing an activity. A key assumption
of SDT is the notion that SDT-based climate supports are
among the most significant elements influencing moti-
vational processes, related behavioral outcomes, and the
three basic psychological needs [9]. This includes the
degree to which an individual is inherently or “intrinsi-
cally” motivated to engage in an activity or whether they
are more extrinsically driven or completely amotivated
to engage in the activity [21]. The motivational climate is
substantially shaped by the nature of the activities/tasks
offered (e.g., appropriate challenge, inclusive, providing
choices) and the influence of other actors’ interpersonal
activities within the setting (e.g., staff, teachers, peers,
and parents) [9]. Integrating SDT-based climate sup-
ports through tailoring program activities to meet youth
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psychological needs and nurture positive interpersonal
interactions, has been proposed to effectively promote
motivation, efficacy, and engagement in PA [11, 21].

Motivation in SDT is conceptualized as different rea-
sons that people engage in activities and the degrees to
which an individual is inherently or “intrinsically” moti-
vated to engage in an activity or whether they are more
extrinsically driven or completely amotivated to engage
in the activity [21]. Deci and Ryan [20] propose that
amotivation, extrinsic motivation and intrinsic motiva-
tion form a continuum ranging from the lowest to the
highest levels. Intrinsic motivation refers to a psycho-
logical state in which a person’s engagement in behav-
iors or activities is intrinsically regulated [20]. People
who are intrinsically motivated toward an activity tend
to engage in the activity for the sake of the activity itself
and not as a means to achieve other internal or exter-
nal purposes [20]. Extrinsic motivation, in contrast to
intrinsic motivation, is a perception of a situation in
which individuals engage in an activity to obtain certain
desirable and separate outcomes. Based on the degree
of self-determination, extrinsic motivation can be iden-
tified as controlled motivation (external and introjected
regulations) or autonomous extrinsic motivation (inte-
grated and identified regulations) [22]. Controlled moti-
vation refers to behaviors that are not performed out
of choice but are regulated by internal and/or external
pressure [23] and research findings have consistently
shown either negative or no significant effects on ado-
lescents’ MVPA [24].

Autonomous extrinsic motivation, which is made up of
integrated and identified regulations, is based on a sense
of value — people view the activities as worthwhile, even
if it’s not enjoyable [22, 25, 26]. It has been shown that
the distinction between autonomous extrinsic motiva-
tion from that of controlled motivation and intrinsic
motivation is conceptually and empirically important
for PA behavior change [21, 22]. The two types of regula-
tory processes (i.e., identified and integrated) that define
autonomous extrinsic motivation, are considered more
internalized forms of extrinsic motivation. Identified
regulation refers to individuals who perceive the activity
as relevant to their personal goals or their self-concept
and believe that the task is valuable [27]. For example,
youth exercise because they appreciate the value that
exercise can bring to their health. Integrated regulation
is the highest or the most internalized form of extrinsic
motivation [27]. At this level, the behavior is integrated
into self, and becomes a part of the individual’s identity.
The individual totally embraces the value of the task even
though he or she may not enjoy the task. For example,
youth exercise because exercise is important to them or
supports their identity as an athlete [25].
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Physical activity motivation as a mechanism of behavior
change

Research findings have identified intrinsic motivation
as an important positive indicator of youth’s partici-
pation in PA across age groups [28, 29]. In cross-sec-
tional studies, Kalajas-Tilga et al. [28] found that
intrinsic motivation positively predicted MVPA among
297 adolescents (aged 11-15 years) from 17 schools.
Sebire et al. [29] found that intrinsic motivation was
positively associated with children’s MVPA (aged 7-11
years) from 20 elementary schools. However, studies
examining the relationship between changes in intrin-
sic motivation and its longitudinal impact on changes
in PA participation are limited. Only a single study has
been centered on addressing motivational climates
changes on adolescents’ PA behavior change. Lonsdale
et al. [30] tested the effects of three motivational strat-
egies (explaining the relevance of activities; providing
choice from PA options selected by the teacher; pro-
viding equipment and free choice of activities) based
on SDT in a cluster-randomized controlled trial pro-
ject (Motivating Active Learning in PE) on 8" graders’
PA levels in PE class. The results showed that although
the intervention did not influence students’ SDT moti-
vations, students’ PA and autonomy increased during
the choice-based teaching strategies in the interven-
tion group. However, few studies have considered
these relations among youth from underserved minor-
itized communities.

Given the internalized nature of autonomous extrin-
sic motivation (i.e., integrated within one’s value system
or self-system), it is expected that this form of moti-
vation would support continued youth engagement in
MVPA. Although studies examining intrinsic motiva-
tion have consistently shown positive relations with PA
accrual [28-30], previous findings concerning the asso-
ciation between autonomous extrinsic motivation and
PA are mixed. Fenton et al. [9] developed and tested a
six-week ASP sports-based intervention and, using a
path model, found an empowering motivational climate
that initial autonomous extrinsic motivation positively
predicted PA-related enjoyment, which was positively
associated with daily MVPA among adolescents’ (aged
9-16 years). In contrast, Timo et al. [31], using a longi-
tudinal research design, found that initial autonomous
extrinsic motivation did not have a statistically signifi-
cant role in predicting 6 year later adolescents’” MVPA
in PE class. Although the discrepancies between stud-
ies may be explained by variations in research design
(short-term vs longitudinal) as well as variations in PA
contexts (ASP vs PE class), the current findings suggest
that more research is needed to examine autonomous
extrinsic motivation as another potentially effective
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motivational orientation that can be nurtured in youth
to promote long-term increases in PA engagement.

Gender and race as predictors

Physical activity participation varies significantly by
youth gender and race/ethnicity due to differences in
socialization experiences and access to contextual affor-
dances and tangible and emotional supports (and bar-
riers) in which youth have access depending on these
ascribed characteristics [18, 32, 33]. These differences
highlight the significant disparities in PA among girls
and Black and Hispanic adolescents who are less likely
to meet 60 minutes daily MVPA recommendations com-
pared to boys and White youth [18, 34, 35]. In particu-
lar, girls worldwide consistently report significantly lower
levels of PA than do boys and show steeper declines in
PA from childhood through adolescence [36, 37]. In addi-
tion to the relationship between gender and physical
activity behavior, Black and Hispanic adolescents report
less physical activity than white adolescents [32]. Miller
et al. [38] found that white adolescents reported 1.1 to 2.1
more weekly hours of MVPA than non-white adolescents
by using self-reported MVPA measurement. Given gen-
der and race have been reported as two important factors
influencing SDT motivations and physical activity par-
ticipation [32, 33], understanding how a PA social-moti-
vational context intervention could impact participating
youth differently by gender and race could guide future
development of effective PA intervention programs.

In summary, two theoretical and empirical gaps in the
SDT-related literature warrant the current study. First,
although the correlational evidence on intrinsic motiva-
tion, autonomous extrinsic motivation, and adolescents’
MVPA have been established, there are few studies that
examine changes in intrinsic motivation and autono-
mous extrinsic motivation resulting from participation in
a social-motivational context intervention that supports
adolescents’ need for autonomy, competence, and relat-
edness, and its impact on underserved adolescents’ daily
MVPA change trajectory. Secondly, the effect of gender
and race on at-risk adolescents’ changing daily MVPA
trajectory are tested in this study given the significant
disparities in PA observed among girls and Black and
Hispanic youth. In summary, more studies are needed to
further understand the role of self-determination moti-
vations for increasing youth daily PA engagement, with
particular attention to potential variations in these rela-
tions for youth who have been identified at greatest risk
for inactivity, to inform the development of high-quality
interventions within youth settings serving at-risk youth.

Guided by SDT, the purpose of this study was to deter-
mine the 16-week MVPA trajectory of underserved ado-
lescents who participated in the Connect through PLAY
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intervention, whether there are variations in these tra-
jectories by gender and race, and the effects of changes
in adolescent intrinsic and autonomous extrinsic moti-
vations over the 16-week intervention on the trajec-
tory. Specifically, the following research questions were
addressed in the current study: (a) to what extent does
adolescents’ daily MVPA change from baseline to end-
point during a 16-week SDT-based intervention within
ASPs, and does this change vary by gender and race? (b)
to what extent does change in adolescent’s self-deter-
mined motivation (intrinsic and autonomous extrinsic
motivation) across the 16-week intervention influence
the 16-week trajectory of their daily MVPA time?

Methods

Participants

A total of 193 adolescents in the PA intervention arm
(from five ASPs) participated in baseline data collection
between 2018 to 2020 during Y1 and Y2 of the 5-year
trial. The global coronavirus disease outbreak of 2019
(COVID-19) forced school/ASP closures during March
of 2020 resulting in incomplete endpoint data collection
in Y2 of the study. Therefore, for the current study, only
the subsample of participants with complete data at base-
line, midpoint, and endpoint were included in the analy-
ses (n = 113). Chi-Square tests indicated that there were
no significant differences for gender [* (2, 193) = 5.52, p
= .063], race [y* (3, 193) = 5.96, p = .11], and age [° (6,
193) = 9.87, p = .13] between youth who were included
in the data analysis and those were not included. In addi-
tion, results showed that there were no significant differ-
ences for intrinsic motivation [y* (14, 193) = 25.14, p =
.33] and autonomous extrinsic motivation [y* (88, 193) =
89.84, p = .42] between adolescents who were included
in the data analysis and those were not included. A total
sample of 113 adolescents (56.64% female; average age =
11.29, Standard Deviation = 1.06) from five ASPs pro-
vided complete data throughout the 16-week interven-
tion. Among these adolescents, the majority identified as
African American (61.06%), 25.66% identified as Euro-
pean American, and 13.28% identified as biracial, Asian,
Pacific Islander or other.

Research design and data sources

The study was a part of a 5-year prospective randomized
controlled trial intervention study implemented within
30 pre-existing ASPs, comparing a social-motivational
development physical activity program to a health cur-
riculum active control. A total of 10 ASPs in Year 1 and
2 were randomly sampled with stratification criteria that
ensured the ASP sampling pool represented underserved
communities (enrollment includes at least 50% of youth
from low-income households, defined by free/reduced
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lunch status, and of minority status). From the resultant
stratified sampling pool, 5 sites were randomly assigned
to the experimental condition to offer adolescents the
PA social-motivational climate intervention curriculum.
Given the purpose of the study, only data from the inter-
vention condition were analyzed and reported in which
the social-motivational climate was implemented as part
of the intervention. A repeated measures design was used
for the current study to test whether the intervention
has the potential to cause change. The Connect through
PLAY intervention was administered three days a week
for 16 weeks. The baseline data were collected prior to
the intervention, the midpoint data were collected at the
middle of the intervention (8-week), and the endpoint
data were collected following the completion of the inter-
vention. The data collection protocols and data protec-
tion procedures, along with parent consent forms and
student assent forms, were approved by the University
(masked) Internal Review Board prior to data collection.

Given the particularly heightened need and orienta-
tion toward social connection, social feedback, and social
self-preservation that is characteristic of early adoles-
cence, the intervention was novel in that it focused on
facilitating key social mechanisms to support youth self-
determined motivation including: (a) building friendships
(supporting PA competence, autonomy, and relatedness
through encouraging close, mutual relationships with
others); (b) promoting group belonging (supporting feel-
ings of being liked and accepted by peers and of being a
valued member/contributor to the program, through the
establishment of positive peer PA norms, inclusiveness,
and tangible PA social support); and (c) fostering staff-
youth connections (feeling connected to, supported, and
encouraged by staff; see Authors Masked).

Measures

Physical activity

Adolescents’ daily MVPA was measured using the Acti-
graph GT3X (ActiGraph LLC). The participants were
assigned to wear the accelerometer on their non-domi-
nate wrist for 7 consecutive days for three times (base-
line, midpoint, and endpoint) and to remove the device
only for water-based activities (e.g., swimming, bathing).
The data files were downloaded using ActiLife Software
with 10s sampling interval (Version 6.13.3; ActiGraph
LLC). Accelerometer data were considered valid only if
over 480 min (8h) of recorded data per day for at least 3
days were present [39]. Then R software was used to read
and summarize the acceleration data using the GGIR
package with the Euclidean Norm Minus One metric and
no imputation [40]. Thresholds developed by Hildebrand
et al. [41] were used, with minutes of moderate PA was
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defined as an average acceleration between 201 and 707
mg and vigorous PA as an average acceleration > 707 mg.

Intrinsic motivation for physical activity

Adolescents’ intrinsic motivation at baseline and end-
point was assessed by a subscale from the Intrinsic
Motivation Inventory (IMI) at the baseline and endpoint
[42]. Previous findings have indicated adequate predic-
tive validity and adequate concurrent validity of the IMI
Scale with similar demographic samples [43, 44] and has
been widely used across work, educational, health, rec-
reational and competitive sport settings [45-47]. The
interest/enjoyment subscale consisted of 9 items and a
6-point scale was used to score the participants’ intrinsic
motivation level for each item: 1 = very false; 2 = mostly
false; 3 = somewhat true; 4 = mostly true; 5 = very true.
An example item is “When I am active, I enjoy it” The
scale focused on assessing adolescents’ intrinsic interest
and enjoyment. Based on the current sample, the internal
consistency reliability coefficients ranged from .93 to .94.

Autonomous extrinsic motivation

Adolescents’ autonomous extrinsic motivation was
assessed using a subscale from the Treatment Self-Reg-
ulation Questionnaire [48] at the baseline and endpoint.
The autonomous extrinsic motivation subscale consisted
of 6 items was used to score the participants’ autono-
mous extrinsic motivation level; a 5-point Liker scale was
used for each item: 1 = strongly disagree, 2 = disagree; 3
= sometimes; 4 = agree; 5 = strongly agree. An example
item is “Because I feel that I want to take responsibility
for my own health” Previous findings have indicated ade-
quate predictive validity and adequate concurrent validity
of the subscale of Treatment Self-Regulation Question-
naire with similar demographic samples [49, 50]. Based
on the current sample, the internal consistency reliability
coefficient ranged from .85 to .90.

Statistical analysis

First, the regression-residual adjustment method [51] was
used to calculate self-determination motivations change
scores. The calculation is based on regressing all partici-
pants’ pre-motivation scores on the post-motivation scores.
Each participant’s residual motivation change scores were
calculated by subtracting the predicted post-motivation
scores from the actual post-motivation scores [51]. A
descriptive analysis (means and SDs) was conducted to
examine data distributions. Regression analyses were con-
ducted to determine the impact of baseline self-determina-
tion motivations, gender, and race on baseline daily MVPA.
Then, the intraclass correlation coefficient (ICC) was com-
puted to determine if the equal variance assumption of the
motivational variables was satisfied between schools. Lastly,
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because adolescent daily MVPA across the three measure-
ment points was nested in individual participants, a two-
level hierarchical linear model (HLM) was built and tested
to answer the three research questions. HLM describes the
growth curve of each individual and pieces these curves
together to estimate an overall daily MVPA change tra-
jectory [52]. The quadratic model was used for the level 1
model because the plot graph, depicting the relationship
between time and MVPA, was not a linear/straight line [52].

The ICC results for changes in intrinsic motivation was
.08, and for autonomous extrinsic motivation changes it
was .09. These results indicated that between-school vari-
ability accounted for a maximum of 9% of the variance in
adolescents’ scores for the motivation variables. Based on
the criteria set by Murray [53], an ICC < .10 suggests that
including individual scores in the level-2 model is recom-
mended. Given the ICCs were less than .10 and that the
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Level 2 model:

7oi = Boo + Po1 * (Gender) + Bo2 * (Race) + Yo;

11i = B1o + P11 * (Gender) + P12 * (Race) + Yy;

The purpose of the second research question was to
examine the influences of intrinsic interest change, and
autonomous extrinsic motivation change on the chang-
ing MVPA trajectories. Thus, the intrinsic interest
change, and autonomous extrinsic motivation change
were included in the level-2 model. Model C, as shown
below, was constructed and tested to answer the second
research question.

Model C:

Level 1 model:

Level 1 model: MVPAy = mg; + 115 * (Timey) + ey

Level 2 model:

10i = Poo~+Po1x(intrinsic interest change)+Poz*(autonomous extrinsic motivation change)+Yo;

10i = Poo~+P11x(intrinsic interest change)+-B12:*(autonomous extrinsic motivation change)+7Y7y;

purpose of this study was to examine the individual’s daily
MVPA changing trajectory during a 16-week intervention,
it was determined appropriate to use the individual score
in the level-2 model. The HLM models have substantial
application for the longitudinal data where repeated meas-
ures varying across time are nested within individual data
[54, 55]. The purpose of the first research question was to
examine the average changing trajectory of adolescents’
daily MVPA across the 16-week intervention and the influ-
ences of gender, and race on the changing trajectories.
Model A (no variable was included in the Level-2 model)
and model B (gender and race were included in the level-2
model), as shown below, were constructed and tested to
answer the first research question.

Model A:

Level-1 model:

MVPA = moi + 115 * (TIMEy) + eq

Level-2 model:

moi = Boo + Yoi
11 = PB1o + Yui
Model B:

Level 1 model:

MVPAy; = moj + 115 * (Timeg) + ey

In Model A, B, and C, the time variable was centered
on the first measurement of adolescent daily MVPA. In
other words, the first time point was coded as 0. In Model
A, B, and C, m; represents adolescents’ daily MVPA lev-
els at the beginning of the intervention, while m;; repre-
sents the acceleration of the changing rate of adolescents’
daily MVPA over 16 weeks [52]. The HLM analyses were
conducted in the HLM software (Version 7.0, Skokie, IL).

Results

The descriptive results for daily MVPA, as shown in
Table 1, suggest that on average adolescents’ daily MVPA
tended to increase over the 16-week intervention. The
descriptive results for self-determination motivations,
as shown in Table 2, indicate that adolescents’ intrinsic
motivation increased over the 16-week intervention. Chi-
Squared tests showed that there were no significant dif-
ferences for intrinsic motivation [y* (12, 193) = 15.47, p =
.22;X2 (71, 193) = 78.39, p = .26] and autonomous extrin-
sic motivation [y? (19, 193) = 14.28, p = .77; x° (88, 193) =
93.99, p = .31] between boys and girls at baseline and in
the residual change scores, respectively.

The regression analyses results showed that the over-
all regression model was significant, F (6,112) = 2.309, p
=.039, R’>=.12. Gender (B= .57, t = 3.85, p < .001) pre-
dicted adolescent’s daily MVPA, while race, baseline
intrinsic interest, and baseline autonomous extrinsic
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Table 1 Descriptive statistics for daily MVPA

Total Male Female
Variables Mean/SD Skew/Kurt Mean/SD Skew/Kurt Mean/SD Skew/Kurt
Baseline MVPA (min) 4321/27.79 75/1.172 47.57/29.12 1.17/2.24 36.43/3592 .98/1.14
Midpoint MVPA 53.73/25.36 66/1.08 61.80/23.32 .33/.66 46.80/23.33 A42/-25
(min)
Endpoint MVPA 54.41/26.70 14/-64 64.01/26.14 -06/-33 46.38/24.56 31/-57
(min)

Abbreviations: MVPA moderate-to-vigorous physical activity, SD Standard Deviation

Table 2 Descriptive statistics for self-determination motivation

variables
Intrinsic motivation Autonomous
extrinsic
motivation
Mean/SD Mean/SD
Baseline 3.88/.71 4.36/.97
Endpoint 3.92/.77 4.17/1.06

Abbreviation: SD Standard Deviation

motivation were not significant predictors (8 = -3.36, t =
-1.77, p = .08; B =874, t =194, p = .055; f = -3.24, ¢
= -1.13, p = .26). These findings indicate that boys had
higher daily MVPA than girls at baseline.

HLM results

Tables 3 and 4 show the results of the HLM analy-
sis of Model A, B and C. The fixed part of the intercept
describes the overall mean scores of daily MVPA at
baseline, while the random part describes the heteroge-
neity of scores around the intercept mean. Specifically,
Model A results indicated that the average daily MVPA
at baseline was 43.21 minutes, but there was heteroge-
neity around the mean. On average, youth daily MVPA
increased 6.36 minutes in each 8-week period (coeffi-
cient = 6.36, p < .01). The random part of the quadratic
term (m;) was significant (SD = 5.38, p = .008) which
indicated different students demonstrated different daily
MVPA changing trajectories over the 16-week interven-
tion. Adolescents who had higher daily MVPA at baseline
tended to have a slower (; = -.256) changing trajectory
than adolescents who had lower daily MVPA at baseline.
The results of Model B indicated that gender (coefficient
= -4.06; p = .067) and race (coefficient = .21, p = .79)
were not significant predictors of daily MVPA changes.
The HLM analysis of Model C identified intrinsic motiva-
tion change (coefficient = 2.57; p = .035), but not autono-
mous extrinsic motivation change, as a significant level-2
predictor of daily MVPA changes.

Table 3 Estimation of fixed effects of model A, B and C

Fixed effect Coefficient p value
Estimation of Fixed Effects of Model A
For the intercept, 1My
Intercept 2, 3o 43.21 <.001
For time slope, m,
Intercept 2, B4 6.36 <.001
Estimation of Fixed Effects of Model B
For the intercept1, 1My
Intercept 2, 3o 170.53 <.001
Gender, By, -12.79 .002
Race, B, -1.29 322
For time slope, m,
Intercept 2, B -542 659
Gender, B, -4.06 067
Race, B, 21 79
Estimation of Fixed Effects of Model C
For the intercept1, 1My
Intercept 2, By 4831 <.001
Intrinsic interest, By, 771 002
Autonomous extrinsic motivation, (3, -1.48 545
For time slope, m,
Intercept 2, By 291 .002
Intrinsic interest, {3, 257 035
Autonomous extrinsic motivation, 3;, 86 473

Discussion

This study set out to examine changes in the MVPA of
at-risk adolescents participating in a 16-week PA social-
motivational climate-based intervention within ASPs,
with specific focus on whether changes in self-deter-
mination motivations leads to increases in daily PA
engagement. Therefore, the following research ques-
tions were addressed: (a) to what extent does adoles-
cents’ daily MVPA change from baseline to endpoint
during a 16-week SDT-based intervention within ASPs,
and does this change vary by gender and race? And (b)
to what extent does change of adolescent intrinsic and
autonomous extrinsic motivations across the 16-week
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Table 4 Estimation of random effects of model A, B and C

Random effect SD Variance p value

Estimation of Random Effects of Model A
Intercept1, Ty 2348 551.30 <.001
Time slope, T, 5.38 28.93 008
Level 1,e 13.64 185.97

Estimation of Random Effects of Model B
Intercept1, T 19.15 366.67 <.001
Time slope, T, 747 55.73 <.001
Level 1,e 11.00 121.04

Estimation of Random Effects of Model C
Intercept1, T, 21.93 480.90 <.001
Time slope, T, 7.23 5234 <.001
Level 1,e 11.01 121.15

intervention influence the trajectory of their daily MVPA
over the 16-week period. There were three key find-
ings from this study. First, adolescents’ daily MVPA was
found, on average, to increase by 12.72 minutes from
baseline to endpoint. Second, despite clear gender and
race differences in youth MVPA at baseline, gender and
race were not significant predictors of adolescents’ daily
MVPA change trajectories, suggesting that across gen-
der and race, youth had a similar rate of change in MVPA
across the 16-week intervention. Third, change in intrin-
sic motivation, but not autonomous extrinsic motivation,
was a significant predictor of adolescents’ daily MVPA
changes.

Although there are significant benefits of MVPA to the
health and well-being of youth [2] and ASPs are an ideal
setting to support youth recommended daily PA accrual,
several ASPs intervention studies that have aimed to
increase adolescent MVPA through improving the moti-
vational climate have reported a lack of adequate daily
MVPA and challenges with maintaining children’s attend-
ance over time [56, 57]. In a previous empirical study,
grounded in SDT, the Active Play Trial emphasized the
necessity of retaining the self-chosen and child-managed
character of play, as well as supporting children’s need for
competence, relatedness, and autonomy [56]. The Active
Play Trial showed no significant intervention effects were
observed for children’s MVPA in ASPs compared with
control programs [56]. The Active by Choice Trial inte-
grated principles from SDT that aimed to test the effi-
cacy of a motivational plus behavioral skills intervention
on increasing MVPA in underserved adolescents [57].
The findings showed a nearly 5-minute increase in daily
MVPA at midpoint, but these results were not sustained
at 2-weeks post-intervention. In our current study, ado-
lescents, on average, were accumulating 43.21 minutes
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per day at baseline and close to the recommended 60
min of daily MVPA (54.41 min) at endpoint. The results
showed not only that adolescents’ daily MVPA increased
but also that this increase was sustained over the 16-week
intervention period. The findings provide preliminary but
significant evidence suggesting a benefit of integrating
SDT-based approaches (autonomy and relatedness sup-
port) in under-resourced ASPs. This result aligns with
Cox’s et al. [58] notion that facilitating a motivational cli-
mate that fosters self-determined motivations can result
in sustained improvements throughout the intervention
in youth daily MVPA.

Although baseline regression analyses and HLM Model
C clearly showed that youth baseline intrinsic and auton-
omous extrinsic motivations did not significantly predict
baseline daily MVPA, the change in intrinsic motivation
was observed as a significant positive predictor while the
change in autonomous extrinsic motivation was not a sig-
nificant predictor. The results may shed new light on our
understanding of the role of intrinsic and autonomous
extrinsic motivations change. The observed increase in
intrinsic motivation indicates that facilitating a socially-
based SDT PA-climate may improve and maintain adoles-
cents’ intrinsic motivation to participate into MVPA over
time. The results support the notion that intrinsic moti-
vation supports the most desirable and long-lasting levels
of engagement [21, 44, 59]. The observed slight decrease
in autonomous extrinsic motivation is worth future
examination and may be due to several reasons. One pri-
mary possibility is that decreases in autonomous extrin-
sic motivation reflect youth moving increasingly towards
intrinsic motivation throughout the intervention. Com-
pared with identified motivation and integrated moti-
vation, intrinsic motivation involves the highest degree
of autonomous behaviors and fosters engagement in an
activity for the inherent feeling of enjoyment, a personal
sense of accomplishment, and/or the experience of learn-
ing new things [21]. The current intervention program
has a special focus on increasing adolescents’ intrinsic
motivation by both establishing an inclusive and engag-
ing climate that supports guided autonomy (e.g., incor-
porates youth choice and ownership/empowerment over
activities offered) and offering collaborative and coopera-
tive PA activities that emphasize teamwork, mastery, and
playful enjoyment (See Authors Masked). The findings
further suggest that nurturing intrinsic motivation can be
a highly effective approach to supporting youth MVPA.

Furthermore, ASPs should tailor their programming
in ways that provide equal access, and a wide range of
PA opportunities that appeal to and support all ado-
lescents across age, gender, race/ethnicity, and family
socioeconomic status [29]. In particular, girls worldwide
consistently report significantly lower levels of PA than
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do boys and show steeper declines in PA from childhood
to adolescence [36]. The prevalence rates for inactivity
are particularly high for low-income girls of color who
typically have the least PA opportunities [60]. Interven-
tions and other PA initiatives that have shown any kind
of success at improving adolescents’ PA, have reported
improvements predominately in boys PA, with markedly
less improvement in girls PA [36]. With this understand-
ing, ASP designers and educators should provide active
choices that are based on the needs and interests of girls
and minority youth in order to reduce the persistent dis-
parities observed in youth PA [36]. In the current study,
gender differences in MVPA, where boys accrued sig-
nificantly more daily MVPA than girls, were observed at
baseline reflecting the persistent historical gender dispar-
ities found in PA. However, the results of HLM model B
indicated that gender and race were not significant pre-
dictors of daily MVPA changes in the 16-week interven-
tion. Contrary to challenges of previous PA interventions,
the current study indicates that the Connect intervention
may be equally supportive of improving both boys and
girls daily MVPA. The findings may be explained by the
power of the Connect intervention curriculum that fol-
lows pedagogical implications of SDT. Along with the
need for competence and autonomy, SDT highlights
the need for positive social interactions for improving
long-term lifestyle changes. According to SDT, the basic
human need for social connection and meaningful inter-
personal relationships should stimulate goal-directed
behaviors to satisfy it [20]. The current intervention,
which places an emphasis on supporting youth related-
ness needs through fostering youth friendships, positive
adult-peer relations, and a strong sense of belongingness,
along with nurturing competence and autonomy, sug-
gesting that ASPs can effectively increase girls’ MVPA
and may be a critical context for reducing persistent
gender disparities in PA when they provide high quality
programming. High quality ASPs that provide intentional
SDT-based approaches for fostering a positive PA social-
motivational climate are needed to improve the health
outcomes of underserved youth and thus minimize these
inequities [32].

This study has three limitations. First, staff variables
(e.g., staff interaction with adolescents, staff motiva-
tion, and staff attitude) and social development vari-
ables (e.g., social affiliation, social support) are not
integrated into this study. Future studies are needed to
examine the impact of staff’s support of adolescents’
basic psychological needs for autonomy, competence,
and relatedness and social development variables on
adolescents’ MVPA changing trajectory. Secondly,
given this study did not include the active comparison
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group, future research with the full randomized con-
trolled trial sample upon the completion of the 5-year
intervention should ultimately be used to determine
the effects of social-motivational climate on youth
MVPA change. Thirdly, although controlled motiva-
tion was not measured as part of the study, future
research should examine youth change in motivation
as a continuum across regulatory orientations through-
out an SDT-based intervention, with the goal of youth
movement towards more autonomous, and ultimately,
intrinsic motivation.

Conclusion

The current study presents a picture of how an SDT-
related motivational climate in ASPs impact adoles-
cents’ MVPA changes over a 16-week intervention.
Current findings are believed to be one of the first to
identify a positive MVPA changing trajectory among
underserved adolescents during a 16-week ASP inter-
vention regardless of their gender and race. The find-
ings suggest that changes in youth intrinsic motivation
serves as a critical mechanism by which supportive
PA climates promote adolescents’ daily MVPA. Future
studies are needed to examine intrinsic and autono-
mous extrinsic motivations as mediators to better
understand the impact of SDT-related motivational
mechanism on adolescents’ MVPA.

Abbreviations
SDT Self-Determination Theory

MVPA  Moderate-to-vigorous physical activity
PLAY  Positive Leisure Activities for Youth

PA Physical activity

ASPs  Afterschool programs

PE Physical education

SD Standard Deviation

ICC Intraclass correlation coefficient

HLM Hierarchical linear model

Acknowledgements
We thank our after-school program community partners and South Carolina
Alliance of Boys and Girls Clubs.

Authors’ contributions

AD and NZ conceptualized the study, developed methods, and designed anal-
ysis approaches. AD organized data extraction and drafted the manuscript.

All authors were involved in data interpretation and manuscript revisions. All
authors have read and approved the final version of the manuscript and agree
with the order of presentation of the authors.

Funding

Research reported in this publication was supported by the Eunice Kennedy
Shriver National Institute of Child Health & Human Development of the
National Institutes of Health under Award Number R21HD077357 (Zarrett, PI)
and the National Institute of Nursing Research of the National Institutes of
Health under Award Number TROTNRO17619-01 (Zarrett, Pl). The content is
solely the responsibility of the authors and does not necessarily represent the
official views of the National Institutes of Health.



Deng et al. BMC Public Health (2023) 23:2089

Availability of data and materials

A copy of survey instrument questions will be provided upon request to

the corresponding author. Participant data are not publicly available due to
human subject research protections but qualified academic researchers may
send data requests to the corresponding author for review. All use of data
would be subject to confidentiality and data-use agreements.

Declarations

Ethics approval and consent to participate

All the experimental protocols were approved by the Ethics Committee of
University of South Carolina. All the methods were performed in accordance
with the relevant guidelines and regulations. Informed consent was obtained
from all the subjects and their legal guardians.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 27 November 2022 Accepted: 10 October 2023
Published online: 25 October 2023

References

1. Prevention CfDCa: Youth risk behavior survey data. Available online at:
2022. https//www.cdc.gov/healthyyouth/data/yrbs/yrbs_data_summa
ry_and_trends.htm.

2. Fullmer MO, Wilkinson C, Prusak KA, Eggett D, Pennington T. Adolescent
physical activity and motivational profiles while keeping a physical activ-
ity record. J Teach Phys Educ. 2018;37(1):1-11. https://doi.org/10.1123/
jtpe.2017-0072.

3. Hamilton A, Foster C, Richards J. A systematic review of the mental health
impacts of sport and physical activity programmes for adolescents in
post-conflict settings. J Sport Dev. 2016;4(6):44-59.

4. Jebeile H, Lister NB, Baur LA, Garnett SP, Paxton SJ. Eating disorder risk in
adolescents with obesity. Obes Rev. 2021;22(5):.e13173. https://doi.org/
10.1111/0br.13173.

5. Afterschool Alliance A: America after 3PM: demand grows, opportunity
shrinks. Washington, DC; 2020.

6. Peralta LR, Mihrshahi S, Bellew B, Reece LJ, Hardy LL. Influence of school-
level socioeconomic status on children’s physical activity, fitness, and
fundamental movement skill levels. J School Health. 2019;89(6):460-7.
https://doi.org/10.1111/josh.12761.

7. Zarrett N, Abraczinskas M, Cook BS, Wilson DK, Ragaban F. Promoting
physical activity within under-resourced afterschool programs: A qualita-
tive investigation of staff experiences and motivational strategies for
engaging youth. Appl Dev Sci. 2018;22(1):58-73. https://doi.org/10.1080/
10888691.2016.1211482.

8. Zarrett N, Law LH, Wilson DK, Abraczinskas M, Taylor S, Cook BS, Roberts
A. Connect through PLAY: a randomized-controlled trial in afterschool
programs to increase adolescents’ physical activity. J Behav Med.
2021,44(3):379-91. https://doi.org/10.1007/510865-021-00206-0.

9. Fenton SA, Duda JL, Barrett T. Optimising physical activity engagement
during youth sport: a self-determination theory approach. J Sports Sci.
2016;34(19):1874-84. https://doi.org/10.1080/02640414.2016.1142104.

10. Ntoumanis N, Standage M. Motivation in physical education classes: A
self-determination theory perspective. Theory Res Educ. 2009;7(2):194—
202. https://doi.org/10.1177/1477878509104324.

11. Zarrett N, Wilson DK, Sweeney A, Bell B, Fairchild A, Pinto B, Miller C,
Thames T: An overview of the Connect through PLAY trial to increase
physical activity in underserved adolescents. Contemp Clin Trials
2022:106677. https://doi.org/10.1016/j.cct.2022.106677.

12. Zarrett N, Sorensen C, Cook BS. Physical and Social-Motivational Contex-
tual Correlates of Youth Physical Activity in Underresourced Afterschool
Programs. Health Educ Behav. 2015;42(4):518-29. https://doi.org/10.1177/
1090198114564502.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

Page 10 of 11

Ryan RM, Deci EL. Intrinsic and extrinsic motivations: Classic definitions
and new directions. Contemp Educ Psychol. 2000;25(1):54-67. https://
doi.org/10.1006/ceps.1999.1020.

Susman EJ, Dorn LD, Schiefelbein VL: Puberty, sexuality, and health. Hand-
book of Psychology; 2003. https://doi.org/10.1002/0471264385.wei0612.
Nelson EE, Leibenluft E, McClure EB, Pine DS. The social re-orientation of
adolescence: a neuroscience perspective on the process and its relation
to psychopathology. Psycholog Med. 2005;35(2):163-74. https://doi.org/
10.1017/50033291704003915.

Allen JB. Measuring social motivational orientations in sport: An examina-
tion of the construct validity of the SMOSS. Int J Sport Exercise Psychol-
ogy. 2005;3(2):147-61. https://doi.org/10.1080/1612197x.2005.9671764.
Deng A, Roberts AM, Zhang G, Taylor SG, Fairchild AJ, Zarrett N: Examin-
ing the factor structure and validity of the social motivational orienta-
tions in sport scale. Int J Sport Exerc Psychol 2023:1-17. https://doi.org/10.
1080/1612197x.2023.2224969.

Zarrett N, Abraczinskas M, Skiles Cook B, Wilson DK, Ragaban F. Promoting
physical activity within under-resourced afterschool programs: A qualita-
tive investigation of staff experiences and motivational strategies for
engaging youth. Appl Dev Sci. 2018,;22(1):58-73. https://doi.org/10.1080/
10888691.2016.1211482.

Eccles JS, Gootman JA. Community Programs to Promote Youth Develop-
ment/Committee on Community-Level Programs for Youth. Washington,
DC: National Academy Press; 2002.

Deci EL, Ryan RM. The “what"and “why" of goal pursuits: Human

needs and the self-determination of behavior. Psychological Inquiry.
2000;11(4):227-68. https://doi.org/10.1207/515327965pli1104_01.

Ryan RM, Deci EL, Vansteenkiste M, Soenens B. Building a science of
motivated persons: Self-determination theory’s empirical approach to
human experience and the regulation of behavior. Motiv Sci. 2021;7(2):97.
https://doi.org/10.1037/mot0000194.

Jenkins M, Hargreaves EA, Hodge K. Examining the relationships among
cognitive acceptance, behavioral commitment, autonomous extrinsic
motivation, and physical activity. J Sport Exerc Psychol. 2020;42(3):177-
84. https://doi.org/10.1123/jsep.2018-0276.

Deci EL, Ryan RM: Optimizing students’motivation in the era of testing
and pressure: A self-determination theory perspective. In Chia LW, Keng
JWC, Ryan RM (eds): Building autonomous learners: Perspectives from
research and practice using self-determination theory 2016:9-29. https://
doi.org/10.1007/978-981-287-630-0_2

Fenton SA, Duda JL, Quested E, Barrett T. Coach autonomy support predicts
autonomous motivation and daily moderate-to-vigorous physical activ-

ity and sedentary time in youth sport participants. Psychol Sport Exerc.
2014;15(5):453-63. https.//doi.org/10.1016/j.psychsport.2014.04.005.

Ryan RM, Deci EL. Intrinsic and extrinsic motivation from a self-deter-
mination theory perspective: Definitions, theory, practices, and future
directions. Contemp Educ Psychol. 2020;61:101860. https://doi.org/10.
1016/j.cedpsych.2020.101860.

Palmer K, Robbins LB, Ling J. Kao T-SA, Voskuil VR, Smith AL: Adolescent
autonomous motivation for physical activity: A concept analysis. J Pediat-
ric Nurs. 2020;54:e36-46. https://doi.org/10.1016/j.pedn.2020.04.020.
Ryan RM: Self-Determination Theory: Basic Psychological Needs in Motiva-
tion, Development, and Wellness: The Guilford Press A Division of Guilford
Publications, Inc. New York; 2017. https://doi.org/10.7202/1041847ar.
Kalajas-Tilga H, Koka A, Hein V, Tilga H, Raudsepp L. Motivational pro-
cesses in physical education and objectively measured physical activity
among adolescents. J Sport Health Sci. 2020,9(5):462-71. https://doi.org/
10.1016/jjshs.2019.06.001.

Sebire SJ, Jago R, Fox KR, Edwards MJ, Thompson JL. Testing a self-
determination theory model of children’s physical activity motivation: a
cross-sectional study. Intern J Behav Nutr Phys Act. 2013;10:1-9. https://
doi.org/10.1186/1479-5868-10-111.

Lonsdale C, Rosenkranz RR, Peralta LR, Bennie A, Fahey P, Lubans DR.

A systematic review and meta-analysis of interventions designed to
increase moderate-to-vigorous physical activity in school physical educa-
tion lessons. Prevent Med. 2013;56(2):152-61. https://doi.org/10.1016/j.
ypmed.2012.12.004.

Timo J, Sami Y-P, Anthony W, Jarmo L. Perceived physical competence
towards physical activity, and motivation and enjoyment in physical edu-
cation as longitudinal predictors of adolescents’self-reported physical


https://www.cdc.gov/healthyyouth/data/yrbs/yrbs_data_summary_and_trends.htm
https://www.cdc.gov/healthyyouth/data/yrbs/yrbs_data_summary_and_trends.htm
https://doi.org/10.1123/jtpe.2017-0072
https://doi.org/10.1123/jtpe.2017-0072
https://doi.org/10.1111/obr.13173
https://doi.org/10.1111/obr.13173
https://doi.org/10.1111/josh.12761
https://doi.org/10.1080/10888691.2016.1211482
https://doi.org/10.1080/10888691.2016.1211482
https://doi.org/10.1007/s10865-021-00206-0
https://doi.org/10.1080/02640414.2016.1142104
https://doi.org/10.1177/1477878509104324
https://doi.org/10.1016/j.cct.2022.106677
https://doi.org/10.1177/1090198114564502
https://doi.org/10.1177/1090198114564502
https://doi.org/10.1006/ceps.1999.1020
https://doi.org/10.1006/ceps.1999.1020
https://doi.org/10.1002/0471264385.wei0612
https://doi.org/10.1017/s0033291704003915
https://doi.org/10.1017/s0033291704003915
https://doi.org/10.1080/1612197x.2005.9671764
https://doi.org/10.1080/1612197x.2023.2224969
https://doi.org/10.1080/1612197x.2023.2224969
https://doi.org/10.1080/10888691.2016.1211482
https://doi.org/10.1080/10888691.2016.1211482
https://doi.org/10.1207/s15327965pli1104_01
https://doi.org/10.1037/mot0000194
https://doi.org/10.1123/jsep.2018-0276
https://doi.org/10.1007/978-981-287-630-0_2
https://doi.org/10.1007/978-981-287-630-0_2
https://doi.org/10.1016/j.psychsport.2014.04.005
https://doi.org/10.1016/j.cedpsych.2020.101860
https://doi.org/10.1016/j.cedpsych.2020.101860
https://doi.org/10.1016/j.pedn.2020.04.020
https://doi.org/10.7202/1041847ar
https://doi.org/10.1016/j.jshs.2019.06.001
https://doi.org/10.1016/j.jshs.2019.06.001
https://doi.org/10.1186/1479-5868-10-111
https://doi.org/10.1186/1479-5868-10-111
https://doi.org/10.1016/j.ypmed.2012.12.004
https://doi.org/10.1016/j.ypmed.2012.12.004

Deng et al. BMC Public Health

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

(2023) 23:2089

activity. J Sci Med Sport. 2016;19(9):750-4. https://doi.org/10.1016/j.
jsams.2015.11.003.

Armstrong S, Wong CA, Perrin E, Page S, Sibley L, Skinner A. Association of
physical activity with income, race/ethnicity, and sex among adoles-
cents and young adults in the United States: findings from the National
Health and Nutrition Examination Survey, 2007-2016. Jama Pediatrics.
2018;172(8):732-40. https://doi.org/10.1001/jamapediatrics.2018.1273.
Schulze C, Demetriou Y, Emmerling S, Schlund A, Phillips SP, Puil L, Coen
SE, Reimers AK. A sex/gender perspective on interventions to promote
children’s and adolescents’ overall physical activity: results from genEf-
fects systematic review. BMC Pediatrics. 2020;20(1):1-10. https://doi.org/
10.1186/512887-020-02370-9.

Jago R, Baranowski T, Baranowski JC, Thompson D, Greaves K. BMI from
3-6y of age is predicted by TV viewing and physical activity, not diet. Int
J Obes. 2005;29(6):557-64. https://doi.org/10.1038/5).ij0.0802969.

Wang M-T, Eccles JS, Kenny S. Not lack of ability but more choice: Indi-
vidual and gender differences in choice of careers in science, technology,
engineering, and mathematics. Psychol Sci. 2013,24(5):770-5. https://doi.
0rg/10.1177/0956797612458937.

Guthold R, Stevens GA, Riley LM, Bull FC. Global trends in insufficient
physical activity among adolescents: a pooled analysis of 298 population-
based surveys with 1- 6 million participants. Lancet Child Adolescent
Health. 2020;4(1):23-35. https://doi.org/10.1016/52352-4642(19)30323-2.
Pirrie M, Carson V, Dubin JA, Leatherdale ST. School-level factors within
comprehensive school health associated with the trajectory of mod-
erate-to-vigorous physical activity over time: a longitudinal, multilevel
analysis in a large sample of grade 9 and 10 students in Canada. Intern

J Environ Res Public Health. 2021;18(23):12761. https://doi.org/10.3390/
ijerph182312761.

Miller JM, Pereira MA, Wolfson J, Laska MN, Nelson TF, Neumark-Sztainer
D. Are correlates of physical activity in adolescents similar across
ethnicity/race and sex: implications for interventions. J Phys Act Health.
2019;16(12):1163-74. https://doi.org/10.1123/jpah.2018-0600.

Dillon CB, Fitzgerald AP, Kearney PM, Perry 1), Rennie KL, Kozarski R,
Phillips CM. Number of days required to estimate habitual activity using
wrist-worn GENEActiv accelerometer: a cross-sectional study. PloS One.
2016;11(5): €0109913. https://doi.org/10.1371/journal.pone.0109913.
Van Hees VT, Gorzelniak L, Dean Ledn EC, Eder M, Pias M, Taherian S,
Ekelund U, Renstrom F, Franks PW, Horsch A. Separating movement and
gravity components in an acceleration signal and implications for the
assessment of human daily physical activity. PloS one. 2013;8(4):e61691.
https://doi.org/10.1371/journal.pone.0061691.

Hildebrand M. VT VH, Hansen BH, Ekelund U: Age group comparability
of raw accelerometer output from wrist-and hip-worn monitors. Med Sci
Sports and Exerc. 2014;46(9):1816-24. https://doi.org/10.1249/mss.00000
00000000289.

McAuley E, Courneya KS, Lettunich J. Effects of acute and long-term
exercise on self-efficacy responses in sedentary, middle-aged males and
females. Gerontologist. 1991;31(4):534-42.

Gottfried AE, Gottfried AW. A longitudinal study of academic intrinsic
motivation in intellectually gifted children: Childhood through early
adolescence. Gifted Child Quarterly. 1996;40(4):179-83. https://doi.org/
10.1177/001698629604000402.

Ferrer-Caja E, Weiss MR. Predictors of intrinsic motivation among
adolescent students in physical education. Res Q Exerc Sport.
2000;71(3):267-79.

Plant RW, Ryan RM. Intrinsic motivation and the effects of self-conscious-
ness, self-awareness, and ego-involvement: An investigation of internally
controlling styles. J Pers. 1985;53(3):435-49. https://doi.org/10.1080/
02701367.2000.10608907.

Ryan RM. Control and information in the intrapersonal sphere: An exten-
sion of cognitive evaluation theory. J Pers Soc Psychol. 1982;43(3):450.
https://doi.org/10.1037/0022-3514.43.3 450.

Ryan RM, Powelson CL. Autonomy and relatedness as fundamental to
motivation and education. J Exp Educ. 1991;60(1):49-66. https://doi.org/
10.1080/00220973.1991.10806579.

Ryan RM, Connell JP. Perceived locus of causality and internalization:
examining reasons for acting in two domains. J Pers Soc Psychol.
1989;57(5):749. https://doi.org/10.1037/0022-3514.57.5.749.

Levesque CS, Williams GC, Elliot D, Pickering MA, Bodenhamer B, Finley
PJ. Validating the theoretical structure of the Treatment Self-Regulation

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Page 11 of 11

Questionnaire (TSRQ) across three different health behaviors. Health Educ
Res. 2007;22(5):691-702. https://doi.org/10.1093/her/cyl148.

Denman DC, Baldwin AS, Marks EG, Lee SC, Tiro JA. Modification and
validation of the Treatment Self Regulation Questionnaire to assess
parental motivation for HPV vaccination of adolescents. Vaccine.
2016;34(41):4985-90. https://doi.org/10.1016/j.vaccine.2016.08.037.
Tracy RJ, Rankin EF. Methods of computing and evaluating residual gain
scores in the reading program. J Read. 1967;10(6):363-71.

Raudenbush SW, Bryk AS: Hierarchical linear models: Applications and
data analysis methods: SAGE; 2002.

Murray DM: Design and analysis of group-randomized trials: Monographs
in Epidemiology; 1998.

Goldstein H, Leckie G, Charlton C, Tilling K, Browne WJ. Multilevel growth
curve models that incorporate a random coefficient model for the level

1 variance function. Stat Methods Med Res. 2018;27(11):3478-91. https.//
doi.org/10.1177/0962280217706728.

Zhou SA, Yang Y, Hiver P. Individual growth curve modeling for applied
linguistics research. Res Methods App Linguistics. 2023;2(1):100043.
https://doi.org/10.1016/j.rmal.2023.100043.

Riiser K, Richardsen KR, Haugen AL, Lund S, Lendal K. Active play in ASP-a
matched-pair cluster-randomized trial investigating the effectiveness of
an intervention in after-school programs for supporting children’s physi-
cal activity. BMC Public Health. 2020;20:1-12. https://doi.org/10.1186/
$12889-020-08645-1.

Wilson DK, Van Horn ML, Kitzman-Ulrich H, Saunders R, Pate R, Lawman
HG, Hutto B, Griffin S, Zarrett N, Addy CL. Results of the "Active by Choice
Today"(ACT) randomized trial for increasing physical activity in low-
income and minority adolescents. Health Psychology. 2011;30(4):463.
https://doi.org/10.1037/a0023390.

Cox AE, Smith AL, Williams L. Change in physical education motivation
and physical activity behavior during middle school. J Adolesc Health.
2008;43(5):506-13. https://doi.org/10.1016/j jadohealth.2008.04.020.
Zhang T, Solmon MA, Kosma M, Carson RL, Gu X. Need support, need sat-
isfaction, intrinsic motivation, and physical activity participation among
middle school students. J Teach Phys Educ. 2011;30(1):51-68. https://doi.
org/10.1123/jtpe.30.1.51.

McGovern J, Drewson SR, Hope A, Konopack JF. Gender differences in

a youth physical activity intervention: movement levels and children’s
perceptions. Am J Health Educ. 2020;51(2):109-19. https://doi.org/10.
1080/19325037.2020.1712667.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/j.jsams.2015.11.003
https://doi.org/10.1016/j.jsams.2015.11.003
https://doi.org/10.1001/jamapediatrics.2018.1273
https://doi.org/10.1186/s12887-020-02370-9
https://doi.org/10.1186/s12887-020-02370-9
https://doi.org/10.1038/sj.ijo.0802969
https://doi.org/10.1177/0956797612458937
https://doi.org/10.1177/0956797612458937
https://doi.org/10.1016/s2352-4642(19)30323-2
https://doi.org/10.3390/ijerph182312761
https://doi.org/10.3390/ijerph182312761
https://doi.org/10.1123/jpah.2018-0600
https://doi.org/10.1371/journal.pone.0109913
https://doi.org/10.1371/journal.pone.0061691
https://doi.org/10.1249/mss.0000000000000289
https://doi.org/10.1249/mss.0000000000000289
https://doi.org/10.1177/001698629604000402
https://doi.org/10.1177/001698629604000402
https://doi.org/10.1080/02701367.2000.10608907
https://doi.org/10.1080/02701367.2000.10608907
https://doi.org/10.1037/0022-3514.43.3.450
https://doi.org/10.1080/00220973.1991.10806579
https://doi.org/10.1080/00220973.1991.10806579
https://doi.org/10.1037/0022-3514.57.5.749
https://doi.org/10.1093/her/cyl148
https://doi.org/10.1016/j.vaccine.2016.08.037
https://doi.org/10.1177/0962280217706728
https://doi.org/10.1177/0962280217706728
https://doi.org/10.1016/j.rmal.2023.100043
https://doi.org/10.1186/s12889-020-08645-1
https://doi.org/10.1186/s12889-020-08645-1
https://doi.org/10.1037/a0023390
https://doi.org/10.1016/j.jadohealth.2008.04.020
https://doi.org/10.1123/jtpe.30.1.51
https://doi.org/10.1123/jtpe.30.1.51
https://doi.org/10.1080/19325037.2020.1712667
https://doi.org/10.1080/19325037.2020.1712667

	Changing trajectory of daily physical activity levels among at-risk adolescents: influences of motivational mechanisms
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 
	Trial registration 

	Introduction
	Self-determination theory: key motivational mechanisms
	Physical activity motivation as a mechanism of behavior change
	Gender and race as predictors

	Methods
	Participants
	Research design and data sources

	Measures
	Physical activity
	Intrinsic motivation for physical activity
	Autonomous extrinsic motivation

	Statistical analysis
	Results
	HLM results
	Discussion
	Conclusion
	Acknowledgements
	References


