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A B S T R A C T   

We examined the associations of autonomous motivation, controlled motivation, and physical activity (PA) 
planning with PA participation over six years across the adolescent-to-adult transition. Participants from the 
NEXT Generation Health Study, a nationally representative cohort study of U.S. 10th graders (N = 2785), 
completed surveys yearly from 2010 to 2016 (four years post-high school). This study used data from Waves 2 
(W2) through 7 (W7). Data were analyzed using growth models accounting for the complex survey design and 
controlling for sex, race/ethnicity, and body mass index. A piecewise growth model with two pieces (Piece 1: 
W2–W4; Piece 2: W4–W7) indicated that PA declined during late adolescence (W2–W4) (b = − 0.31, β = − 0.22, 
p < .001), but did not decline after the transition into early adulthood (W4–W7) (b = − 0.08, β = − 0.04, p =
.052). Autonomous motivation was positively associated with PA at all waves (b = 0.23–0.33, β = 1.90–4.37, p <
.001). Controlled motivation was only positively associated with PA at W3 (12th grade) (b = 0.13, β = 1.54, p =
.011). PA planning varied significantly between individuals and significantly predicted PA (b = 0.44, β = 0.21, p 
< .001). Although PA decreased significantly during late adolescence, PA did not decrease significantly after 
transitioning into early adulthood (one to four years post-high school). Elevated autonomous motivation and PA 
planning were consistently and significantly associated with higher PA, suggesting that these may be useful 
intervention targets during this adolescent-to-adult transition.   

1. Introduction 

Engaging in sufficient physical activity (PA) corresponds with better 
health outcomes (Collings et al., 2015; Ekelund, 2012; Ussher et al., 
2007; Wareham et al., 2005); whereas, lower PA participation corre-
sponds with greater chronic disease risk (Kohl et al., 2012; Mozaffarian 
et al., 2015). Despite this, only 26% of adolescents (CDC, 2020) and 34% 

of young adults 18–24 years of age meet PA recommendations (NHIS, 
2019). The transition from adolescence to early adulthood is an 
important time to target obesity-related behaviors like PA (Nelson et al., 
2008), and this transition is an influential developmental period char-
acterized by changes in multiple health behaviors, including PA (Corder 
et al., 2019; Molina-García et al., 2015; Winpenny et al., 2020, 2017). 
Previous studies suggest that, with a few exceptions (Corder et al., 2019; 
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Varma et al., 2017), PA decreases during the adolescent-to-adult tran-
sition (Corder et al., 2019; Gordon-Larsen et al., 2004; Kwan et al., 2012; 
Li et al., 2016; Winpenny et al., 2020), and that these decreases in PA 
affect PA participation in adulthood (Hallal et al., 2006). Our study uses 
a representative sample to examine motivation and action planning as 
predictors of PA during the adolescent-to-adult transition, which could 
help inform interventions focused on increasing PA participation during 
this transitional period, thereby improving health outcomes and 
decreasing chronic disease risk. 

Motivation represents one potential predictor of PA participation 
(Ryan & Deci, 2000; Teixeira et al., 2012). Self-Determination Theory 
(SDT) posits that people have specific needs, such as the need for au-
tonomy, and meeting these needs increases the likelihood that people 
will be motivated towards goal-directed behaviors, like engaging in PA 
(Ryan & Deci, 2000; Teixeira et al., 2012). SDT conceptualizes moti-
vation as including autonomous and controlled forms motivation, which 
are represented by distinct behavioral regulations (Ntoumanis et al., 
2020; Ryan & Deci, 2000; Teixeira et al., 2012). Controlled motivation 
includes external regulation, in which individuals engage in a behavior 
due to externally referenced feelings of obligation or guilt, and intro-
jected regulation, in which individuals engage in a behavior to avoid 
guilt or to enhance their ego (Ntoumanis et al., 2020; Ryan & Deci, 2000; 
Teixeira et al., 2012). Autonomous motivation includes identified 
regulation, integrated regulation, and intrinsic motivation (Ryan & Deci, 
2000; Teixeira et al., 2012). Identified regulation reflects engaging in a 
behavior because it is personally important to an individual, often 
because they value the outcomes of the behavior (Ntoumanis et al., 
2020; Ryan & Deci, 2000; Teixeira et al., 2012). Integrated regulation 
reflects engaging in a behavior due to it aligning with one’s core values 
or sense of self (Ntoumanis et al., 2020; Ryan & Deci, 2000; Teixeira 
et al., 2012). Intrinsic motivation reflects engaging in a behavior due to 
enjoyment, satisfaction, or interest in the behavior (Ntoumanis et al., 
2020; Ryan & Deci, 2000; Teixeira et al., 2012). 

Previous studies found that greater autonomous motivation is cross- 
sectionally and longitudinally associated with increased PA participa-
tion. Cross-sectional studies find that higher levels of autonomous 
motivation positively correlate with PA participation across various 
contexts, domains, and intensities of PA, as well as among children, 
adolescents, and adults (Brunet & Sabiston, 2011; Nogg et al., 2020; 
Owen et al., 2014; Phillips & Johnson, 2018; Ryan & Deci, 2007; Teix-
eira et al., 2012). Longitudinal studies consistently find that greater 
autonomous motivation positively predicts PA maintenance and 
participation. Among adolescents, researchers have found that greater 
autonomous motivation positively predicts changes in PA and other 
health behaviors (Barbeau et al., 2010; Dishman et al., 2018; Gillison 
et al., 2019; Gunnell et al., 2014; Hartmann et al., 2015; Markland & 
Ingledew, 2007; Ng et al., 2012; Ntoumanis et al., 2020; Nurmi et al., 
2016; Ryan & Deci, 2007). For example, Dishman et al. (2018) found 
that greater autonomous motivation corresponds with smaller declines 
in PA between middle and high school, as well as with larger declines in 
valuing PA as a means to an end (a form of controlled motivation). 

In contrast, controlled motivation has been shown to have null, 
negative, or positive associations with PA participation, and the 
behavioral regulations underlying controlled motivation may have 
differing effects on PA participation. Several studies found negative 
associations between introjected regulation and PA participation among 
children and adolescents 5–18 years (Owen et al., 2014), positive as-
sociations among adolescents and young adults (Brunet & Sabiston, 
2011; Nogg et al., 2020), and no associations among adults 25 years and 
older (Brunet & Sabiston, 2011). Similar mixed findings exist when 
examining cross-sectional associations between external regulation and 
PA participation, though external regulation is more commonly nega-
tively correlated with PA (Brunet & Sabiston, 2011; Nogg et al., 2020; 
Owen et al., 2014). These mixed findings in cross-sectional studies could 
be due to differing effects by age or PA context, or due to a potential 
curvilinear association existing between an individual’s level of 

controlled motivation and their PA participation (Brunet & Sabiston, 
2011; Nogg et al., 2020; Owen et al., 2014; Phillips & Johnson, 2018). 
Longitudinal studies are also mixed, with several studies finding null 
(Barbeau et al., 2010; Nurmi et al., 2016; Teixeira et al., 2012), negative 
(Gillison et al., 2006; Ryan & Deci, 2007), or positive effects (Hartmann 
et al., 2015; Nogg et al., 2020) of controlled motivation on PA 
participation. 

These findings indicate that autonomous and controlled forms of 
motivation exhibit unique cross-sectional and longitudinal associations 
with PA participation. However, previous studies examining these as-
sociations in adolescents have predominantly relied on convenience 
samples (for an exception, see Nogg et al., 2020). Additionally, to our 
knowledge, longitudinal studies have not examined prospective associ-
ations between autonomous and controlled motivation with PA 
throughout the meaningful transitional period between adolescence and 
early adulthood (Corder et al., 2019; Molina-García et al., 2015; Nelson 
et al., 2008; Winpenny et al., 2020, 2017). Therefore, additional 
research using a nationally representative sample to examine associa-
tions during that transition is warranted. 

However, despite motivation representing a potentially important 
predictor of PA participation, motivation for PA does not always trans-
late into actual PA participation (Rhodes & de Bruijn, 2013; Schwarzer, 
2008). Indeed, one limitation of SDT is that motivation generally pre-
dicts intention, or antecedents of intention, rather than behavior (Biddle 
et al., 1999; Chatzisarantis et al., 1997; Hagger & Chatzisarantis, 2009; 
Rodrigues et al., 2020). For example, Hagger and Chatzisarantis (2009) 
conducted a path analysis using a meta-analytic approach and demon-
strated that self-determined motivation from SDT predicted antecedents 
of intention, such as attitudes and perceived behavioral control, which 
in turn predicted intentions and, ultimately, PA behavior. Similarly, a 
recent study in a large sample of adults found that the effect of auton-
omous motivation on PA maintenance was mediated by PA intentions; 
however, intentions only explained 11% of variance in PA maintenance, 
with minimal variance accounted for by autonomous or controlled 
motivation (<3%) (Rodrigues et al., 2020). This disconnect between 
motivation, intention, and behavior is known as the intention-behavior 
gap, and its presence suggests the need for researchers to examine var-
iables beyond motivation when attempting to understand PA partici-
pation (Schwarzer, 2008). 

The Health Action Process Approach (HAPA) addresses the 
intention-behavior gap by describing motivational factors that predict 
intention and post-intention factors that predict behavior (Schwarzer, 
2008). According to the HAPA model, action planning is one of the most 
potent post-intention factors that predicts behavior (Schwarzer, 2008). 
Action planning refers to someone making the conscious decision to 
engage in a behavior, and it is distinct from intention because it includes 
situation-specific parameters such as when, where, and how to be 
physically active (Gollwitzer, 1999; Schwarzer, 2008). Action planning 
is associated with greater PA in adolescents (Araujo-Soares et al., 2008; 
Berli et al., 2014; Carraro & Gaudreau, 2013; Roberts et al., 2010) and 
young adults (Carraro & Gaudreau, 2010, 2011, 2013; Conner et al., 
2010; Li et al., 2016; Reyes Fernández et al., 2015). Additionally, in-
terventions in adolescents suggest that PA action planning can increase 
PA among adolescents with low levels of baseline PA (Araujo-Soares 
et al., 2008; Koka & Hagger, 2017, 2017, 2017), and that action plan-
ning mediates the effects of PA intentions on PA participation (Carraro & 
Gaudreau, 2011; Conner et al., 2010), supporting the HAPA assertion 
that PA action planning represents a unique and important construct for 
understanding PA participation (Schwarzer, 2008). 

Other potentially important variables associated with PA during the 
adolescent-to-adult transition include sex, race/ethnicity, and body 
mass index (BMI). In adolescence and young adulthood, more males 
meet PA guidelines than females (36.6% and 17.7%, respectively) (Kann 
et al., 2014; Kohl et al., 2012). Additionally, in adolescent males, 37.5% 
of Whites, 37.2% of African Americans and 33.9% of Hispanics meet PA 
guidelines (Kann et al., 2014). Among adolescent females, only 18.7% of 
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Whites, 16.0% of African Americans, and 17.4% of Hispanics meet PA 
guidelines (Kann et al., 2014). These considerable differences in PA by 
sex and race/ethnicity suggests the need for understanding longitudinal 
PA patterns by sex and race/ethnicity, which could help inform tailored 
or targeted interventions. 

The purpose of this study was to examine trajectories of PA across the 
period between adolescence (ages 16–18 years) and early adulthood 
(ages 19–22 years) and associations between PA with: 1) autonomous 
motivation for time spent in PA, 2) controlled motivation for time spent 
in PA, and 3) PA action planning. We hypothesized that changes in PA 
would be: 1) positively associated with autonomous motivation for time 
spent in PA, 2) unassociated with controlled motivation for time spent in 
PA, and 3) positively associated with PA action planning. 

2. Methods 

2.1. Participants and procedures 

Data for this study come from the NEXT Generation Health Study 
(NEXT), a nationally representative cohort study starting in the 
2009–2010 school year in the United States (U.S.). School districts 
represented the primary sampling units (PSU) and were stratified by the 
nine U.S. Census divisions. PSUs were selected with probability pro-
portional to total school enrollment. A total of 137 PSUs with 10th grade 
classes were randomly recruited and 81 schools agreed to participate. 
One 10th grade classroom within each school was randomly selected to 
participate. All students in each 10th grade classroom were invited to 
participate (N = 3796). African American participants were over-
sampled to improve population estimates and ensure an adequate 
sample size for examining racial/ethnic differences in outcomes. 

Surveys were administered annually (2010–2016) at approximately 
the same time during the spring semester each year (~one year between 
surveys), beginning in the 10th grade (W1) and continuing through four 
years post-high school (W7). The W1 survey was administered in the 
classroom and the W2-W7 surveys were administered online via an 
email with login information to prompt survey completion. A total of 
2785 students agreed to participate in the study. This study uses data 
from Waves 2 (W2, 11th grade) through 7 (W7, four years post-high 
school). W1 data were not used because the W1 survey motivation 
questions were different than those used from W2 to W7. For partici-
pants less than 18 years of age, parental consent and participant assent 
were obtained. When participants turned 18, participant consent was 
obtained. The Institutional Review Board of the Eunice Kennedy Shriver 
National Institute of Child Health and Development approved this study. 

2.2. Measures 

2.2.1. Dependent variable – physical activity 
PA was assessed using an item from the Youth Risk Behavior Sur-

veillance Survey that has been validated against accelerometry in ado-
lescents (Prochaska et al., 2001; Ridgers et al., 2012; YRBSS, 2020). PA 
was described as activity that “can be done in sports, school activities, 
playing with friends, or walking to work or school”, with examples 
including running, biking, dancing, etc., and was assessed by asking 
participants to report the number of days (0–7) over the past seven days 
that they were physically active for at least 60 min per day. PA data were 
examined for outliers based on values three standard deviations (SD) 
above the mean. There were no outliers. 

2.2.2. Time-varying covariates 
The questions used to measure autonomous and controlled motiva-

tion for amount of time spent in PA were developed for this study and 
were informed by SDT (Li et al., 2014; Ryan & Connell, 1989; Ryan & 
Deci, 2000). Participants completed six questions assessing autonomous 
and controlled motivation by indicating how true they felt each of the 
following statements were with regard to the initial statement “The 

amount of time I am physically active during a typical day is because”: 
(1) “I enjoy it”, (2) “It fits with how I see myself”, (3) “It is personally 
important to me”, (4) “I feel guilty if I do otherwise”, (5) “My parents, 
other family members, or friends tell me to do it”, and (6) “I am required 
to do it”, using a 7-point Likert scale, with responses ranging from (1) 
“Not at all true” to (7) “Very true”. The autonomous motivation items for 
time spent in PA mapped onto intrinsic (item 1), integrated (item 2), and 
identified regulations (item 3) (Li et al., 2014). The controlled motiva-
tion items for time spent in PA mapped onto introjected (item 4) and 
external regulations (items 5 and 6) (Li et al., 2014). Data from W2 were 
previously used for an exploratory factor analysis (EFA), which identi-
fied the two scales (i.e., autonomous and controlled motivation for time 
spent in PA), and the measurement model was confirmed by confirma-
tory factor analysis (CFA) (Li et al., 2014). Autonomous motivation for 
time spent in PA was calculated as the average of items 1–3 (range 0–7) 
(range of Cronbach’s alpha values across waves: 0.84–0.88) and 
controlled motivation for time spent in PA was calculated as the average 
of items 4–6 (range 0–7) (range of Cronbach’s alpha values across 
waves: 0.51–0.61). Autonomous and controlled motivation data were 
examined for outliers based on values three standard deviations (SD) 
above the mean. There were no outliers for autonomous motivation 
data. Given the small proportion of outliers (<1%) for controlled 
motivation data, all original data were retained in the analyses. 

Participants completed three questions assessing PA action planning 
using items derived from previous studies (Dombrowski & Luszczynska, 
2009; Luszczynska, 2006). Participants indicated how often over the 
past seven days they made plans for vigorous PA, including: (1) “I 
planned when to exercise”, (2) “I planned how often to exercise”, and (3) 
“I planned where to exercise”, using a 5-point Likert scale, with re-
sponses ranging from (1) “Not at all” to (5) “Very often”. PA action 
planning was calculated as the average of all three items (range 0–5) 
(range of Cronbach’s alpha values across waves: 0.93–0.96). A previ-
ously conducted EFA identified the PA action planning scale, which was 
confirmed by CFA (Li et al., 2014). PA action planning data were 
examined for outliers based on values three SD above the mean. There 
were no outliers. 

2.2.3. Time-invariant covariates (Control variables) 
Participants self-reported sex (male or female) and race/ethnicity at 

baseline, and self-reported height and weight each wave, which were 
used to calculate BMI (Lipsky et al., 2019). Sex, race/ethnicity, and BMI 
at W2 were included as time-invariant covariates/control variables in 
the models. BMI at W2 was included as a time invariant covariate rather 
than time varying covariate because of intermittent missing data for BMI 
across waves. 

2.2.4. Data analyses 
Latent growth curve models in a structural equation modeling 

framework (Grimm et al., 2017) were used to examine the longitudinal 
effects of time-varying covariates (TVCs; autonomous motivation for 
time spent in PA, controlled motivation for time spent in PA, and PA 
action planning) on PA participation across time, while controlling for 
the effects of time-invariant covariates (TICs; sex, race/ethnicity, and 
W2 BMI). The intercept and slope for PA were allowed to vary between 
persons and to covary with one another. Time scores (waves) were 
treated as equidistant. In the first step of the analysis, we estimated 
unconditional linear, quadratic, cubic, and piecewise growth models of 
PA (Piece 1: W2–W4; Piece 2: W4–W7) for comparison. The pieces 
selected for the piecewise growth model were based on our hypothesis 
that the trajectory of PA participation could potentially be different 
during high school (W2-W4) than post-high school (W4-W7) (Molina--
García et al., 2015; Winpenny et al., 2017, 2020; Corder et al., 2019). In 
the second step of the analysis, we extended the best-fitting model (i.e., 
piecewise growth model) by examining the effects of the TVCs on the 
model, both in isolation and additively, while controlling for the TICs. 
We examined whether the effects of TVCs should vary across time, be 
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fixed across time, or have a random slope (Fig. 1). The log likelihood 
difference test (LL Diff Test), Akaike Information Criterion (AIC), and 
Bayesian Information Criterion (BIC) statistics were used to determine 
the model of best fit. Standardized betas were calculated using the for-
mula β = bx*[sx/sy], where bx is the unstandardized effect of x, sx is the 
standard deviation of x, and sy is the standard deviation of y. Features of 
the complex sampling design were accounted for using the Mplus 
specifications for ‘Stratification’, ‘Cluster’, and ‘Weight’ (Muthen & 
Muthen, 2017), stratifying by Census division, clustering by PSU, and 
applying sampling weights that accounted for oversampling African 
Americans. 

Due to the complexity of the models and presence of missing data for 
some TICs and TVCs, maximum likelihood estimation was not available 
in Mplus (Mplus user support, https://www.statmodel.com/support/, 
November 2019) (Muthen & Muthen, 2017). A total of 1414 participants 
had complete data across all waves, with 3% dropping out after W3 and 
<1% dropping out after waves 4–7. From W2-W7, 88%, 86%, 78%, 
79%, 85%, and 83% of the full sample completed the survey, respec-
tively. Missingness on PA, autonomous motivation, controlled motiva-
tion, and PA action planning ranged from 13 to 23% across waves, with 
the highest missingness at W5. We conducted multiple imputation using 
Fully Conditional Specification in the mice package in R (R: The R Project 
for Statistical Computing, 2019; van Buuren & Groothuis-Oudshoorn, 
2011) to handle missing data. Multiple imputation has statistical 

implications that are similar to maximum likelihood (Allison, 2003), 
and therefore appropriate for these analyses and preferable to listwise 
deletion. Multiple imputation was conducted in R (version 4.0.2) (R: The 
R Project for Statistical Computing, 2019) and all growth models were 
conducted in Mplus (version 8.1) using maximum likelihood estimation 
with robust standard errors and a Huber-White sandwich estimator, 
which is robust to heteroscedasticity (Muthen & Muthen, 2017). Sta-
tistical significance was p < .05. 

3. Results 

3.1. Participant characteristics 

Participants were 17.16 years old (SEM = 0.02) at W2. Table 1 in-
cludes participant demographics at W2. Table 2 includes participants’ 
PA participation and average autonomous motivation for time spent in 
PA, controlled motivation for time spent in PA, and PA action planning 
at all six waves. 

3.2. Growth model outcomes 

Table 3 shows the model fit for each of the unconditional growth 
models, the model fit for the piecewise models with the TICs and TVCs, 
as well as model fit including random slopes for the TVCs. The 

Fig. 1. Piecewise Growth Model for Autonomous Motivation, Controlled Motivation and Physical Activity Planning on Longitudinal Participation in Physical Ac-
tivity. 
Note. PA represents the outcome, physical activity, at waves 2–7. AUTMOT represents the effects of autonomous motivation for time spent in PA. CONMOT rep-
resents the effects of controlled motivation for time spent in PA. PAPLAN represents the effects of physical activity planning. i represents the intercepts at each wave. 
s1 represents the slope for the first piece of the model (W2–W4), s2 represents the slope for the second piece of the model (W4–W7), and stvc represents the random 
slope for physical activity planning. BMI=Body mass index. 
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unconditional piecewise growth model fit the data significantly better 
than the linear model based on the LL Diff Test (166.818), a smaller BIC 
(Linear: 71167.423, Piecewise = 70943.352), and a smaller AIC (Linear 
= 71102.171, Piecewise = 71032.332) (Muthen & Muthen, 2017). 
Compared to models with random slopes for autonomous and controlled 
motivation for time spent in PA and models without a random slope for 
PA action planning, allowing the effects of autonomous and controlled 
motivation for time spent in PA to vary with time and including a 
random slope for PA action planning provided the best fitting model (see 
Table 3). Therefore, PA action planning was entered as a random slope 
in the final model and the effects of the TICs on the random slope for the 
effect of PA action planning on PA were also included (see Fig. 1). Model 
fit for the final model was as follows: LL = − 33721.8, BIC = 67794.28, 
AIC = 67609.21. Table 4 includes results from the final piecewise 
growth model, including effect size estimates based on the standardized 
betas. 

As shown in Table 4, at W2, there were significant effects of sex and 
race/ethnicity on PA, with females participating in less PA than males (b 
= − 0.88, β = − 5.15, p < .001), African Americans participating in less 
PA than Whites (b = − 0.53, β = − 2.53, p < .001), and Hispanics 
participating in less PA than Whites (b = − 0.42, β = − 1.96, p = .036). 
There were no significant effects of ‘Other’ race/ethnicity or BMI on PA 
at W2. There were no significant effects of sex, race/ethnicity, or BMI on 

change in PA over time, or on the random slope for PA planning. 
As seen in Table 4, PA decreased significantly from W2–W4 (b =

− 0.31, β = − 0.22, p < .001), but there was no significant change in PA 
from W4–W7 (b = − 0.08, β = − 0.04, p = .052). As shown in Fig. 2, 
autonomous motivation for time spent in PA was significantly and 
positively associated with PA at each wave (b = 0.23–0.33, β =
1.90–4.37, p < .001; see Table 4 for specific values). Controlled moti-
vation for time spent in PA was only significantly associated with PA at 
W3 (b = 0.13, β = 1.54, p = .011). The effect of PA action planning on PA 
varied significantly between individuals, with the average effect of PA 
action planning having a significant, positive association with PA (b =
0.44, β = 0.21, p < .001). 

3.3. Sensitivity analyses 

To examine the potential that imputing data may have affected 

Table 1 
Participant Demographics.  

Demographics Participants (N = 2785) 

Age in years (Mean ± SEM)a 17.16 ± 0.02 
Male (n (%))b 1255 (45.1%) 
Race/Ethnicity (n (%))b  

White 1106 (39.7%) 
African American 687 (24.7%) 
Hispanic 835 (30.0%) 
Other 142 (5.1%) 
Missing 15 (0.5%) 
BMI (kg/m2) (Mean ± SEM)a 24.07 ± 5.18  

a Age and BMI are based on participant values at wave 2 and were stratified 
by U.S. census division, clustered by PSU, and weighted based on oversampling 
African Americans. 

b Percent values were stratified by U.S. census division, clustered by PSU, 
and weighted based on oversampling African Americans. 

Table 2 
Participant Descriptive Statistics for Model Variables.  

Study Variables 
(Mean ± SEM)a 

Wave 
2b 

Wave 
3b 

Wave 
4b 

Wave 
5b 

Wave 
6b 

Wave 
7b 

Physical Activity 
Participationc 

4.08 ±
2.26 

3.91 ±
2.26 

3.52 ±
2.26 

3.41 ±
2.26 

3.32 ±
2.31 

3.26 ±
2.33 

Autonomous 
Motivationd 

4.55 ±
1.77 

4.57 ±
1.77 

4.42 ±
1.89 

4.41 ±
1.87 

4.25 ±
1.87 

4.19 ±
1.85 

Controlled 
Motivatione 

2.64 ±
1.47 

2.66 ±
1.47 

2.51 ±
1.41 

2.41 ±
1.32 

2.37 ±
1.35 

2.60 ±
1.38 

Physical Activity 
Planningf 

2.93 ±
1.39 

3.07 ±
1.39 

3.09 ±
1.38 

2.96 ±
1.45 

2.84 ±
1.44 

2.74 ±
1.42  

a All values were stratified by U.S. census division, clustered by PSU, and 
weighted based on oversampling African Americans. SEM = Standard Error of 
the Mean. 

b Wave 2 occurred during the 11th grade. Wave 3 occurred during the 12th 
grade; and Waves 4–7 occurred during one to four years post-high school, 
respectively. 

c Average days per week participant was physically active for at least 60 min 
per day. 

d Sample average of the three questions assessing autonomous motivation for 
time spent in physical activity. 

e Sample average of the three questions assessing controlled motivation for 
time spent in physical activity. 

f Sample average of the three questions assessing physical activity planning. 

Table 3 
Model Fit Statistics.  

Unconditional Growth 
Models 

LLa BICb AICc LL Diff 
Testd 

Linear − 35540.085 71167.423 71102.171 – 
Quadratic − 35453.917 71026.814 70937.834 172.336 
Cubic − 35446.114 70987.321 70932.228 187.942 
Piecewise − 35456.676 70943.352 71032.332 166.818  

Conditional Piecewise 
Growth Models 

LLa BICb AICc LL Diff 
Testd 

Sex − 35243.671 70630.117 70523.341 426.011 
Sex + Race/Ethnicity − 35198.553 70611.270 70451.106 90.235 
Sex + Race/Ethnicity +

BMIe 
− 35194.559 70627.078 70449.118 7.989 

TICs + Autonomous 
Motivationf 

− 34202.323 68690.198 68476.646 1984.472 

TICs + Autonomous 
Motivation – Random 
Slope for Autonomous 
Motivationf 

− 34245.047 68807.374 68570.094 − 85.448 

TICs + Autonomous 
Motivation +
Controlled 
Motivationf 

− 34187.080 68707.304 68458.160 30.486 

TICs + Autonomous 
Motivation +
Controlled Motivation 
– Random Slope for 
Controlled 
Motivationf,g 

− 34214.708 68794.289 68521.417 − 55.256 

TICs + Autonomous 
Motivation +
Controlled Motivation 
+ Physical Activity 
Planningf 

− 33791.838 67907.464 67736.622 790.484 

TICs + Autonomous 
Motivation +
Controlled Motivation 
+ Physical Activity 
Planning – Random 
slope for Physical 
Activity Planningf,h 

33721.757 67794.285 67609.206 140.16 

Note. When testing the effects of the time invariant covariates (sex, race/ 
ethnicity, BMI) and time varying covariates (autonomous motivation, controlled 
motivation, physical activity planning), all models were run in isolation and 
additively, including in random ordering of variables (For example, running a 
model with sex, race/ethnicity, BMI, and autonomous motivation, and running a 
separate model with sex, race/ethnicity, BMI, and controlled motivation). For 
brevity, we have provided a sample of models tested. 
a LL = Log Likelihood. b BIC= Bayesian Information Criterion. c AIC = Akaike 
Information Criterion. d LL Diff Test = Log Likelihood Difference Test. e 

BMI=Body mass index. BMI centered to sample mean in model. f TIC = Time 
Invariant Covariate. All three TICs: sex, race/ethnicity, and BMI included in the 
model. g Model included a random slope for controlled motivation only. h Model 
included a random slope for physical activity planning only. 
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model outcomes, the final piecewise growth model was also analyzed 
using the non-imputed dataset. Due to listwise deletion, the final sample 
size for the non-imputed dataset was N = 1414. Model outcomes for the 
non-imputed dataset were similar to the imputed dataset, with a few 
minor differences. In the non-imputed model, being an ‘other’ race/ 
ethnicity significantly affected the slope of change in PA during the 
second piece of the model (W4–W7) (b = 0.26, β = 0.49, p = .030), and 
being female significantly affected the random slope for PA action 

planning (b = − 0.12, β = − 0.12, p = .015). There were no significant 
effects of controlled motivation for time spent in PA on PA at any of the 
waves in the non-imputed model. The small effect sizes of these minor 
differences suggest that imputing data did not meaningfully affect the 
model outcomes. We tested for changes in autonomous and controlled 
motivation over time and found that autonomous motivation for time 
spent in PA decreased by 0.08 and controlled motivation for time spent 
in PA decreased by 0.04 for each year after W2. Although these changes 
were statistically significant, these are very small effect sizes, corre-
sponding with less than a 0.05 and a 0.03 standard deviation change in 
autonomous and controlled motivation for time spent in PA at each 
wave, respectively, suggesting that the scores were fairly stable. 

4. Discussion 

This study contributes to the literature by using a nationally repre-
sentative sample to examine the longitudinal associations between 
autonomous motivation, controlled motivation, and PA action planning 
on PA participation during the adolescent-to-adult transition. In align-
ment with our hypotheses, autonomous motivation for time spent in PA 
was significantly and positively associated with PA, and PA action 
planning was significantly and positively associated with PA. Controlled 
motivation for time spent in PA was not significantly associated with PA 
at any time point except during the 12th grade (W3). Consistent with 
previous literature (Kann et al., 2014), we found that females partici-
pated in less PA than males, and Whites participant in more PA than 
African Americans or Hispanics. Interestingly, we also found that PA 
participation during the adolescent-to-adult transition was character-
ized by two distinct growth phases, with PA decreasing significantly 
between the 11th grade and one-year post-high school, but showing no 
changes between one and four years post-high school. 

Studies examining PA during the adolescent-to-adult transition have 
typically found that PA decreased linearly across time (Corder et al., 
2019; Gordon-Larsen et al., 2004; Kwan et al., 2012; Li et al., 2016; 
Winpenny et al., 2020) and may have failed to detect the attenuated 
decline in PA from one to four years post-high school due to statistical 
differences (Gordon-Larsen et al., 2004; Kwan et al., 2012), or due to 
examining PA participation across adolescence or the 
childhood-to-adolescence transition (Li et al., 2016; Nader et al., 2018, 
2019). However, one study using cross-sectional National Health and 
Nutrition Examination Survey data found that total PA and light in-
tensity PA increased but moderate-to-vigorous PA declined during early 
adulthood (20–30 years of age) (Varma et al., 2017). It is possible that 
we did not identify an increase in PA during early adulthood because we 
used a single item assessing the number of days participants engaged in 
PA, rather than examining PA intensity; whereas, Varma et al. examined 
various PA intensities, including light, moderate, and vigorous PA in 
their analyses (Varma et al., 2017). As such, future studies attempting to 
characterize PA during the adolescent-to-adult transition should include 
all PA intensities to fully understand PA participation across this 
transition. 

There are several potential explanations for our finding that the 
decrease in PA during late adolescence was attenuated in early adult-
hood. For example, declines in PA during late high school may be related 
to decreased sports team participation. Indeed, two-thirds of adolescents 
withdraw from sports participation annually (Hedstrom, 2004), with 
greater withdrawal rates among females (Turner et al., 2015) and ado-
lescents from lower income families (Thompson, 2018). The attenuated 
decline in PA participation post-high school may be related to greater 
opportunities for young adults to engage in recreational sports or PA 
post-high school, such as intramural sports, club sports, or joining a 
health club. Nationally representative data suggest that 28% of college 
students participate in either club and/or intramural sports (Vasold 
et al., 2019), and adults 18 to 24 represent that largest proportion of 
health club members (IHRSA Staff, 2020). Some previous research 
suggests that attending college post-high school may increase the 

Table 4 
Growth Model Examining Physical Activity Participation from 11th Grade 
through Four Years Post-High School.   

b βa p 

Intercept 4.76  <.001 
Female effect on intercept (ref: Male) − 0.88 − 5.15 <.001 
Race/Ethnicity effect on intercept (ref: White)    
African American − 0.53 − 2.53 <.001 
Hispanic − 0.42 − 1.96 .036 
Other − 0.06 − 0.15 .602 
BMIb effect on intercept − 0.01 − 0.72 .397  

Piece 1 Time (linear slope): Wave 2 – Wave 4 − 0.31 − 0.22 <.001 
Female effect on piece 1 (ref: Male) 0.05 0.40 .626 
Race/Ethnicity effect on piece 1 (ref: White)    
African American 0.10 0.68 .209 
Hispanic − 0.01 − 0.08 .770 
Other − 0.18 − 0.64 .389 
BMIb effect on piece 1 0.01 0.49 .700  

Piece 2 Time (linear slope): Wave 4 – Wave 7 − 0.08 − 0.04 .052 
Female effect on piece 2 (ref: Male) − 0.04 − 0.52 .376 
Race/Ethnicity effect on piece 2 (ref: White)    
African American − 0.02 − 0.25 .697 
Hispanic − 0.02 − 0.20 .750 
Other 0.14 0.78 .150 
BMIb effect on piece 2 0.00 0.25 .700  

Random Slope for Physical Activity Planning on PA 0.44 0.21 <.001  

Effects of the Time Invariant Covariates on the 
Random Slope for Physical Activity Planning on 
Physical Activity    

Female effect on PA planning (ref: Male) − 0.07 − 0.85 .067 
Race/Ethnicity effect on PA planning (ref: White)    
African American − 0.08 − 0.74 .156 
Hispanic − 0.03 − 0.34 .300 
Other − 0.10 − 0.54 .262 
BMIb effect on PA planning − 0.002 − 0.29 .629  

Associations of Physical Activity with Autonomous 
and Controlled Motivation for Time Spent in PA at 
Each Wave    

Wave 2 Physical Activity    
Autonomous Motivation 0.32 2.87 <.001 
Controlled Motivation 0.04 0.32 .258 
Wave 3 Physical Activity    
Autonomous Motivation 0.31 4.37 <.001 
Controlled Motivation 0.13 1.54 .011 
Wave 4 Physical Activity    
Autonomous Motivation 0.22 1.91 <.001 
Controlled Motivation 0.06 0.40 .206 
Wave 5 Physical Activity    
Autonomous Motivation 0.24 3.19 <.001 
Controlled Motivation 0.05 0.49 .273 
Wave 6 Physical Activity    
Autonomous Motivation 0.26 4.02 <.001 
Controlled Motivation 0.08 0.87 .103 
Wave 7 Physical Activity    
Autonomous Motivation 0.23 1.90 <.001 
Controlled Motivation 0.07 0.47 .075  

a β = Standardized beta. Calculated using β = bx*[sx/sy], where bx is the un-
standardized effect of x, sx is the standard deviation of x, and sy is the standard 
deviation of y. 

b BMI = Body Mass Index. BMI is based on self-reported BMI at wave 2 
centered at the sample mean. 
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likelihood of engaging in PA (Li et al., 2016); however, other studies 
have found greater decreases in PA among young adults attending col-
lege (Kwan et al., 2012; Winpenny et al., 2020). These previous studies 
suggest that school status may moderate changes in PA across the 
adolescent-to-adult transition. Additional research examining the role of 
school status, participation in recreational PA opportunities at colleges 
or health clubs, and the effects of demographic characteristics like sex, 
race/ethnicity, and income status on these behaviors is warranted. Such 
studies could better inform researchers regarding those segments of the 
population that are at greatest risk for decreased PA participation, which 
could inform the development of targeted interventions during this 
important time for targeting obesity-related behaviors (Nelson et al., 
2008), and given the enduring effects of decreased PA on PA partici-
pation in adulthood (Hallal et al., 2006). 

Our finding that autonomous motivation for time spent in PA was 
significantly associated with greater PA at all time points corresponds 
with previous studies (Barbeau et al., 2010; Dishman et al., 2018; Gil-
lison et al., 2019; Gunnell et al., 2014; Hartmann et al., 2015; Markland 
& Ingledew, 2007; Ng et al., 2012; Ntoumanis et al., 2020; Nurmi et al., 
2016; Ryan & Deci, 2007). This finding contributes to the existing 
literature by revealing that this association persists during the 
adolescent-to-adult transition, which is meaningful given the potential 
for SDT-informed interventions to increase both autonomous motivation 
for PA and PA participation (Ntoumanis et al., 2020). 

In contrast, controlled motivation for time spent in PA was largely 
unrelated to PA participation; however, we did find a significant, posi-
tive effect of controlled motivation for time spent in PA on PA partici-
pation in the 12th grade, a finding that aligns with Nogg et al. (2020) 
study, in which external and introjected regulation were positively 
associated with PA participation in adolescents. This suggests that the 
effect of controlled forms of motivation on PA participation varies across 
age and may be more influential during late high school (Brunet & 
Sabiston, 2011; Nogg et al., 2020). Nogg et al. (2020) suggested that 
expectations for participating in physical education classes or 
after-school sports, along with the guilt and shame associated with these 
expectations, may explain these findings. It is also possible that social 
norms, peer pressure, or body image or weight concerns (Kopcakova 
et al., 2014; Kołoło et al., 2012; Markland & Ingledew, 2007; Voelker 
et al., 2015) may explain our findings, as all of these could increase 
controlled motivation for PA participation (Ryan & Deci, 2000, 2007; 

Teixeira et al., 2012). Additional research is needed to better understand 
the effects of autonomous and controlled motivation on PA during this 
transition. 

We found that PA action planning was positively associated with PA 
participation throughout the adolescent-to-adult transition, aligning 
with the HAPA (Schwarzer, 2008) and previous literature (Carraro & 
Gaudreau, 2010, 2011, 2013; Araujo-Soares et al., 2008; Berli et al., 
2014; Conner et al., 2010; Koka & Hagger, 2017; Li et al., 2016; Reyes 
Fernández et al., 2015; Roberts et al., 2010). This is particularly 
important because previous interventions have successfully improved 
action planning as a means to increase PA in young adults (Carraro & 
Gaudreau, 2013; Dombrowski & Luszczynska, 2009; Koka & Hagger, 
2017; Pfeffer & Strobach, 2019). However, the effects of action planning 
on PA varied significantly between individuals, suggesting that its ef-
fects during the adolescent-to-adult transition may be highly nuanced. 
Research identifying characteristics that distinguish between in-
dividuals for whom action planning does/does not affect their PA, as 
well as research examining coping planning (Schwarzer, 2008), could 
inform highly targeted interventions. 

Strengths of the study include it being one of few studies using a 
nationally representative sample of adolescents throughout their tran-
sition into early adulthood, which greatly contributes to the ability to 
generalize findings and inform the literature. Additionally, our study 
uniquely included six waves of data from early in high school to several 
years post high school. This allowed us to detect the two distinct growth 
trajectories of PA participation throughout the adolescent-to-adult 
transition, which was previously undetected due to statistical and 
methodological differences in previous studies (Gordon-Larsen et al., 
2004; Kwan et al., 2012; Li et al., 2016). 

4.1. Limitations 

There are some limitations to this study. Due to intermittent missing 
data for BMI across the time points, we controlled for BMI at W2, rather 
than including it as a TVC in the model, limiting our ability to assess the 
longitudinal association between changes in BMI and PA participation. 
However, BMI did not change significantly throughout the study (data 
not shown) and did not significantly affect PA participation at W2, 
suggesting that only including BMI at W2 likely did not affect study 
outcomes. We relied on a single, self-reported measure of PA, which is 

Fig. 2. Effects of Autonomous Motivation, Controlled Motivation, and Physical Activity Planning on Longitudinal Participation in Physical Activity 
Note. *Autonomous motivation for time spent in PA was significantly and positively associated with physical activity at all times (b = 0.22–0.32, β = 1.90–4.37, p <
.001). §Physical activity planning had a random slope and significantly and positively predicted with physical activity participation (b = 0.44, β = 0.21, p < .001). 
¥Controlled motivation for time spent in PA was significantly associated with physical activity participation at wave 3 (b = 0.13, β = 1.54, p = .011), but not at any 
other time point. £Physical activity without controlling for autonomous motivation, controlled motivation, or physical activity planning. The solid vertical line 
separates Piece 1 (W2–W4) and Piece 2 (W4–W7) of the piecewise growth model. 
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subject to recall and other self-report biases, as such, readers should 
interpret the average levels of PA reported in this study with caution. 
Despite this, it is common practice to use this single-item PA measure 
when collecting nationally representative data, and this same measure is 
used in the Youth Risk Behavioral Surveillance Survey (YRBSS, 2020) 
and has been validated against accelerometers in adolescents (Ridgers 
et al., 2012). Research using objective measures of PA could provide 
additional information regarding how the intensity and duration of PA 
change across the adolescent-to-adult transition. This is important given 
Varma et al.’s (2017) findings that total PA and light PA increase during 
early adulthood. 

We asked participants about their motivation for engaging in PA for a 
certain amount of time, rather than for general PA engagement, which 
could have affected their responses. The Cronbach’s alpha for the 
controlled motivation measures was somewhat low, which could be due 
to the small number of items or to potentially contradictory effects of 
introjected and external regulation (Brunet & Sabiston, 2011; Hartmann 
et al., 2015; Nogg et al. (2020)). Due to the limited number of motiva-
tion measures, we combined items to represent autonomous or 
controlled motivation. While EFA and CFA supported combining items 
(Li et al., 2014), and while this is a commonly used approach in the 
literature (Ntoumanis et al., 2020; Ryan & Deci, 2000; Teixeira et al., 
2012), controversy has arisen over the past 5–8 years regarding the 
optimal approach for conceptualizing, analyzing, and interpreting SDT 
measures of motivation. Researchers are continuing to debate the 
presence or absence of SDT’s relative autonomy continuum (Howard 
et al., 2018, 2020, 2017; Chemolli & Gagné, 2014; Sheldon et al., 2017) 
and are endorsing a variety of statistical modeling approaches for 
examining relative autonomy, individual behavioral regulations, pro-
files of behavioral regulations, etc. (Gunnell & Gaudreau, 2015; Howard 
et al., 2020, 2018; Lindwall et al., 2017). For example, Howard et al. 
(2020) recently proposed using a semi-radex approach to simulta-
neously account for the degree of self-determined/autonomous moti-
vation and the individual effects of each regulation type. The NEXT 
study was designed prior to the onset of this thoughtful debate, and the 
nature of the NEXT study prohibited in-depth measures of each moti-
vational regulation for PA; however, future research examining moti-
vation as a predictor of PA participation during the adolescent-to-adult 
transition should consider the aforementioned debate when selection 
motivational measures and analyzing their data. 

5. Conclusion 

We found that PA participation during the adolescent-to-adult 
transition was characterized by two distinct phases, in which PA 
decreased significantly from the 11th grade to one-year post-high 
school, after which there were no changes in PA from one to four years 
post-high school. Females, African Americans, and Hispanics partici-
pated in significantly less PA at baseline than males and Whites, 
respectively. Autonomous motivation for time spent in PA was signifi-
cantly and positively associated with PA and had the largest effect on PA 
compared to both controlled motivation for time spent in PA and PA 
action planning. In contrast, controlled motivation for time spent in PA 
was only associated PA during the 12th grade. PA action planning was 
associated with significantly more PA and varied between individuals. 
The adolescent-to-adult transition represents an important develop-
mental period for PA participation, and our findings suggest that future 
research or interventions may require tailoring based on sex and race/ 
ethnicity and may benefit from focusing on PA action planning and/or 
autonomous motivation to increase PA during the adolescent-to-adult 
transition. 
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