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Abstract

Purpose: To test the effectiveness of an intervention to increase motivation for physical activity 

in racially diverse third- through fifth-grade students.

Design: Natural experiment.

Setting: Elementary schools in Minneapolis, Minnesota.

Participants: Two hundred ninety-one students in 18 Minne-Loppet Ski Program classes and 

210 students in 12 control classrooms from the same schools.

Intervention: The Minne-Loppet Ski Program, an 8-week curriculum in elementary schools that 

teaches healthy physical activity behaviors through cross-country skiing.

Measures: Pretest and posttest surveys measured self-determination theory outcomes: intrinsic 

exercise motivation, intrinsic ski motivation, autonomy, competence, and relatedness.

Analysis: Hierarchical linear regression models tested treatment effects controlled for grade, 

race, sex, and baseline measures of the outcomes.
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Results: Minne-Loppet program students showed significantly greater motivation to ski (β = 

0.95, 95% confidence interval [CI]: 0.15–1.75) and significantly greater perceived competence (β 
= 0.78, 95% CI: 0.06–1.50) than students in control classrooms. Treatment effects for general 

exercise motivation and perceived competence differed by race. African American students in 

Minne-Loppet classes showed significantly greater general exercise motivation (β = 1.08, 95% CI: 

0.03–2.14) and perceived competence (β = 1.95, 95% CI: 0.91–2.99) than African American 

students in control classes.

Conclusion: The Minne-Loppet program promoted perceived competence and motivation to ski. 

Future improvements to the Minne-Loppet and similar interventions should aim to build general 

motivation and provide support needed to better engage all participants.
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fitness; interventions; young children; age-specific; specific populations; racial minority groups; 
underserved populations; school; specific settings; low income

Purpose

Physical inactivity is epidemic. Objective measures indicate that only 40% of children under 

12 years in the United States meet weekly recommended levels of moderate-to-vigorous 

physical activity; by adolescence, this proportion drops below 10%.1 Lack of physical 

activity is a direct cause of obesity and is associated with other chronic diseases including 

heart disease, diabetes, and some cancers.2,3 Developing strategies to increase population 

levels of physical activity is a pressing public health concern.

Physical activity interventions among children have generally shown small effects on longer 

term outcomes such as weight status or leisure time physical activity.4 Recent physical 

activity trials, particularly in the United Kingdom and Australia, have been organized around 

self-determination theory,5–7 with the advantage that the theory proposes intermediate 

markers of behavior change that can be measured and expected to show differences in 

shorter time scales. Self-determination theory8 proposes that autonomous or intrinsic 

motivation develops if a student’s needs for autonomy, perceived competence, and feelings 

of relatedness to teachers and other students are met. However, we are unaware of any self-

determination theory–based trials occurring in schools in the United States.

Physical education presents an opportunity to promote physical activity, especially in school 

districts where physical education classes are required. Physical education may promote 

sustainable increases in population physical activity over the life course if it promotes the 

development of intrinsic or autonomous motivation to exercise or be physically active. The 

trans-contextual model,9 a corollary to self-determination theory, proposes that intrinsic 

motivation in one context such as physical education may translate into intrinsic motivation 

for similar activities in a different context such as exercising outside of school time (Figure 

1). Previous studies10–12 have shown that motivation, measured through a lens of self-

determination theory, predicts leisure time physical activity in adolescents10,12 and adults.
11,13–15 These studies indicate that intrinsic motivation can predict physical activity behavior 

as much as 1 to 3 years later.14,15
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In addition to organizing around behavior theories and considering intermediate markers of 

behavior change, interventions may also need to consider the difference in intervention 

effects between relevant population subgroups to further increase effectiveness at improving 

population levels of physical activity. While physical activity studies have increasingly 

sought diverse samples, we are aware of relatively few that have undertaken subgroup 

analysis within these samples. With respect to race/ethnicity and sex, we are aware of only 2 

trials16,17 in which investigators considered effects within subgroups of both sexes and of 

more than 1 race/ethnicity within the same sample. Therefore, the present study aims to 

evaluate a winter physical activity intervention grounded in self-determination theory and to 

consider whether the intervention effects differ between the sexes or between ethnicities/

races.

In the present study, we examine self-determination theory outcomes from the Minne-

Loppet Ski Program, in the Twin Cities of Minnesota. The Twin Cities was rated by the 

American College of Sports Medicine as the fittest city in the United States in 2017 based on 

community programs and policies to support physical activity.18 Programs such as the 

Minne-Loppet Ski Program were designed to embrace cold winters in Minnesota and 

counteract the tendency for youths to get less physical activity during cold months.19

Our a priori hypotheses were that students in the Minne-Loppet program would show greater 

increases in reported feelings of autonomy, competence, and relatedness in physical 

education classes as well as greater increases in reported intrinsic motivation to ski and 

intrinsic motivation to exercise generally as compared to students in control classrooms. We 

also hypothesized that the effects of the Minne-Loppet program on self-determination theory 

outcomes will differ by sex and by ethnicity/race.

Methods

Intervention

The Minne-Loppet Ski Program is a partnership between public schools in the Twin Cities 

Metropolitan Area of Minnesota and the Loppet Foundation to teach healthy physical 

activity and nutrition behaviors through cross-country skiing. The Loppet Foundation 

provides ski equipment to the schools and coaches who teach an 8-week curriculum during 

the school day to third-through fifth-grade students at several Twin Cities schools from 

November to February each winter. In 2015 to 2016, 679 students from 8 schools 

participated in the Minne-Loppet Ski Program.

The Minne-Loppet curriculum was originally developed in 2008 to include 8 lessons. Each 

50-minute lesson in the Minne-Loppet curriculum includes a ski skill, a nutrition game, and 

time for free skiing. In 2014, the curriculum was substantially revised and updated to fit 

within a self-determination theory8 framework: to build motivation to exercise and to ski by 

supporting students’ needs to feel autonomous, competent, and relatedness. The 2014 

curriculum updates emphasize allowing time for free skiing to support autonomy. The 2014 

curriculum update also changed the sedentary nutrition lesson component of the original 

curriculum to active nutrition games, such as carbohydrate freeze tag, a game played on skis 

that teaches the difference between simple sugars and complex carbohydrates. The goal of 
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changing to active nutrition games was to support development of competence by 

maximizing the students’ time on skis and to support relatedness by providing team-based 

activities.

At the end of the 8-week curriculum, the students are invited to participate in the Minne-

Loppet Event. The Minne-Loppet Event is a 1- or 2-km ski race held in Minneapolis as part 

of the City of Lakes Loppet Ski Festival: a weekend festival of cross-country ski races and 

related winter sports that attracts over 10 000 participants each year. The Loppet Foundation 

provides transportation and equipment for all participating students.

Design

The Minne-Loppet Motivation Study was a natural experiment conducted during the 2015 to 

2016 school year in 5 of the 8 elementary schools participating in the Minne-Loppet Ski 

Program. The Minneapolis Public Schools Research, Evaluation and Assessment 

Department approved the study for the 7 participating Minneapolis Public Schools. One 

school declined to participate and 1 school could not be assessed at baseline due to 

scheduling difficulties.

Sample

The Minne-Loppet Motivation Study included a 34-item presurvey and an identical 

postsurvey of 321 students in 18 treatment classrooms and 219 students in 12 control 

classrooms. The decision about which classes received the Minne-Loppet Ski Program was 

made by teachers at each school in coordination with Loppet coaches and was primarily 

determined by schedule availability. Therefore, it was not possible to randomly assign 

classes to treatment or intervention. The control classrooms were surveyed from the same 

schools as the treatment classrooms except in 1 school where all students received the 

Minne-Loppet Program. Students in control classrooms received normal physical education.

Surveys were administered by trained study staff during the first 2 weeks of the Minne-

Loppet Ski Program (presurveys) and during the 2 weeks following the Minne-Loppet Event 

(postsurveys). Classrooms were assigned to be controls or to receive the Minne-Loppet Ski 

Program before the surveys were given and students were aware of these assignments. All 

surveys were administered in either classrooms or in a gymnasium during physical education 

class. Students were instructed that the survey was not a test and that they should not share 

answers. To improve comprehension, study staff read the questions aloud during each survey 

administration. Passive consent was obtained from parents of all participants and active 

assent was obtained from all participants. All study procedures were approved by the 

institutional review board at the University of Minnesota and by the Research, Evaluation 

and Assessment Department at Minneapolis Public Schools.

Of the 540 students surveyed at baseline, 501 completed surveys at follow-up, representing a 

93% retention rate. The final analysis sample was, therefore, 291 students in Minne-Loppet 

classrooms and 210 students in control classrooms. Both χ2 tests and t tests comparing those 

who remained to those who lost to follow-up showed that students lost to follow-up were 

more likely to be African American than students who were retained (58.8% compared to 

37.8%, P = .045), were more likely to be from Minne-Loppet class-rooms than control 
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classrooms (76.9% of those lost to follow-up were in Minne-Loppet classrooms compared to 

58.1% of those retained, P = .02), and reported 1.2 fewer years at their current school than 

students who were retained (P = .0004).

The differential missingness between the treatment groups created the possibility of 

selection bias in analysis. To account for this, all models were weighted using inverse 

probability weights. Inverse probability weights were created to represent the probability of 

being surveyed at follow-up as a function of race, sex, year in school, treatment group, years 

attending their current school, and baseline measures of physical education autonomy, 

competence, relatedness, intrinsic motivation to exercise, and intrinsic ski motivation.

Measures

Survey variables were adapted from the instrument to measure physical education self-

determination used by Standage et al.20 The survey was piloted in Minne-Loppet Ski 

Program classes during the 2014 to 2015 school year. Cronbach a for the 2014 to 2015 

piloting ranged from .57 for the autonomy scale to .89 for the ski motivation scale. Based on 

reliability results from the 2014 to 2015 piloting, items on the survey were updated to 

improve understanding of the questions among third through fifth graders. All items were 

measured on a 5-point Likert scale anchored by “disagree” and “agree.”

Exercise motivation.—The exercise motivation score was the sum of 4 items beginning 

with the stem, “I exercise because…” An example item from the exercise motivation scale 

is, “I exercise because I enjoy learning new skills.” This score ranged from 4 to 20 and 

showed adequate internal validity (Cronbach α = .78 at presurvey and .82 at postsurvey).

Ski motivation.—The ski motivation score was the sum of 4 items identical to the exercise 

motivation items but beginning with the stem “I ski because…” An example item from the 

ski motivation scale is, “I ski because it is exciting.” This score ranged from 4 to 20 and 

showed good internal validity (Cronbach α = .86 at presurvey and .88 at postsurvey).

Autonomy.—The autonomy score was the sum of 6 items that assess freedom of choice 

during physical education class.20 An example item from the autonomy scale is “During PE 

class I have some choice in what I want to do.” One item in the autonomy score was reverse 

coded. This score ranged from 6 to 30 (Cronbach α = .60 at presurvey and 0.54 at 

postsurvey).

Competence.—The competence score was the sum of 5 items that assess perceived 

competence during physical education class.20 An example item from the competence scale 

is “I am satisfied with my performance in the PE class.” One item in the competence score 

was reverse coded. This score ranged from 5 to 25 and showed fair internal validity 

(Cronbach α = .66 at presurvey and .67 at postsurvey).

Relatedness.—The relatedness score was the sum of 5 items that assess relationships with 

other students in physical education class. An example item from the relatedness scale is “I 

feel valued by the other students in this PE class.” This score ranged from 5 to 25 and 

showed adequate internal validity (Cronbach α = .79 at presurvey and .81 at postsurvey).
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Demographics.—Gender was self-reported by students as boy or girl. Race/ethnicity was 

self-reported as identifying as 1 or more of black or African American, Hispanic or Latino, 

Asian American, American Indian or Native American, or white. Respondents who 

identified as Hispanic or Latino were classified as Hispanic regardless of whether they 

identified as any additional races. Respondents who identified as 2 or more non-Hispanic 

races were classified as mixed. Due to small sample sizes, respondents who identified as 

Asian American were collapsed into the mixed/other class. Students self-reported their year 

in school and this was checked against class lists by the investigator for accuracy. Students 

also were asked, “How many years have you gone to this school?”

Analysis

The Minne-Loppet arm and the control arm were compared on baseline demographic 

variables with χ2 tests and on baseline levels of the self-determination theory scores using 

crude random intercept models of treatment status on each score with a random effect for 

classroom. To assess clustering at the classroom and at the school levels, 2 unconditional 

random intercept (intercept only) models were run for each outcome. The first unconditional 

random intercept model included a random effect for classroom; the second unconditional 

random intercept model included random effects for school and for classroom nested within 

school. Intraclass correlation coefficients (ICCs) were calculated from the variance 

components of these unconditional random intercept models.

Random intercept models were used to test the treatment effects on the self-determination 

theory scores. One model was run for each of the 5 self-determination theory outcomes. 

Each model was a regression of the self-determination theory outcome on treatment status 

with a random effect for classroom, which was the unit of treatment assignment. Because 

classrooms could not be randomly assigned to treatments, all models were adjusted for race, 

sex, year in school, years attending the current school, and the baseline level of the self-

determination theory variable. To test for difference in the treatment effect by sex, a 2-way 

interaction term of treatment with sex was added to each of the models. Separately, to test 

for difference in the treatment effect by race/ethnicity, a 2-way interaction term of treatment 

with race/ethnicity was added to each of the models. If interaction terms were statistically 

significant at P < .05, then models stratified on either race/ethnicity or on sex were run. 

Analyses were conducted with the Statistical Analysis System (SAS, version 9.4, 2013; SAS 

Institute, Cary, North Carolina).

Results

The Minne-Loppet arm and the control arm were similar on all demographic variables and 

baseline self-determination theory scores except for year in school, intrinsic ski motivation, 

and autonomy at baseline. The Minne-Loppet arm showed significantly greater ski 

motivation (P = .0009) and significantly lower autonomy (P = .03) at baseline than the 

control arm (Table 1).The greater ski motivation in the Minne-Loppet arm is expected, given 

that students were aware of their classroom’s assignment prior to survey administration. The 

Minne-Loppet arm included fewer third graders (14.0% compared to 37.0%) and more 

fourth graders (44.6% compared to 25.6%) than the control arm (Table 1: Pchisq< .0001). At 
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presurvey, there were 540 respondents. Of these, 501 also completed the postsurvey (92.8% 

retention rate).

In unconditional random intercept models with random effects specified for school and for 

classroom nested within school, the ICC for school ranged from 0.008 for the competence 

outcome to 0.04 for the autonomy outcome. The ICC for classroom nested within school 

ranged from 0.03 for the relatedness outcome to 0.08 for the autonomy outcome. In 

unconditional random intercept modes with random effects specified only for classroom, the 

ICC for classroom ranged from 0.04 for the competence outcome to 0.12 for the autonomy 

outcome.

Treatment Effects

The Minne-Loppet arm did not differ significantly from the control arm on exercise 

motivation, autonomy, or relatedness (Table 2). The Minne-Loppet arm showed significantly 

greater ski motivation at postsurvey than the control arm (β = 0.94, 95% confidence interval 

[CI]: 0.14–1.73), adjusted for race, sex, year in school, years attending their current school, 

and baseline levels of ski motivation (Table 2).The Minne-Loppet arm also showed 

significantly greater physical education competence at postsurvey than the control arm (β = 

0.76, 95% CI: 0.04–1.47), adjusted for race, sex, year in school, years attending their current 

school, and baseline levels of competence (Table 2).

Differences by Race and Sex

There were no differences in treatment effects by sex on any of the self-determination theory 

outcomes. The treatment effect on exercise motivation (interaction P = .04) and on physical 

education competence (interaction P = .03) differed significantly by race/ethnicity. Since 

interaction terms only identify that a difference exists and not where the difference exists, 

we explored the differences in treatment effects by race/ethnicity using stratified models. 

When stratified on race/ethnicity, there was a significant positive treatment effect on 

competence among African American students (β = 1.95, 95% CI: 0.91–2.99), but not 

among white or Hispanic students (Table 3). Similarly, there was a significant positive 

treatment effect on intrinsic motivation to exercise among African American students (β = 

1.08, 95% CI: 0.03–2.14), but not among Hispanic students (Table 3). Among white 

students, the treatment effect on intrinsic motivation to exercise did not reach statistical 

significance, but was similar in magnitude (β = 0.92, 95% CI: 2.07 to 3.91) to the treatment 

effect among African American students. The nonsignificance among white students on 

intrinsic motivation to exercise may be due to lower power considering the small sample size 

of white students in the population (n = 61). While there was not statistical evidence of 

difference in treatment effects by sex, we have reported all the stratified treatment effects in 

online supplements (Table A1).

Discussion

This study found that students in the Minne-Loppet Program showed greater changes in 

physical education competence and ski-specific motivation after the 8-week intervention 

than students in the control classrooms. While no significant main effect for general exercise 
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motivation was observed, when the sample was stratified on race, there was a significant 

effect for general exercise motivation among African American students, but not among 

Hispanic Students. The effect for general exercise motivation among white students was 

roughly the same magnitude as for African American students; however, the small sample 

size of white students limited the statistical power to detect a significant treatment effect. 

These findings provide evidence that the Minne-Loppet Program may show some 

effectiveness at increasing ski motivation. Future rounds of the program may benefit from 

incremental changes that better support other self-determination theory outcomes, 

particularly autonomy, and from determining which incremental changes may better engage 

students who are showing less change in motivation over the course of the program.

While previous large multicomponent interventions, such as the Child and Adolescent Trial 

for Cardiovascular Health21 or the Trial of Activity for Adolescent Girls,22 have shown 

small effects on longer term outcomes, such as body mass index and general moderate-to-

vigorous physical activity behavior,4,6,7 or required multiple year intervention durations to 

show an effect,21,22 more proximal outcomes like motivation may show change in shorter 

trials.6,7,23 Intervening to change motivation is important, as motivation in one context may 

increase motivation in other contexts and thereby create sustainable changes in physical 

activity behavior.9 This study showed that the Minne-Loppet Program has had success in 

supporting the perceived competence as well as intrinsic ski motivation of students in the 

program. This is encouraging since cross-country skiing is a complex activity that involves 

dynamic balance in gliding and coordination of both arm and leg movements. However, full 

support of intrinsic motivation to exercise is most likely to occur if both relatedness and 

autonomy are supported as well. Particularly, theorists9,24 identify autonomy support as first 

among equals in determining intrinsic motivation and the key element for promoting the 

transfer of intrinsic motivation in one domain (motivation to ski) to more general domains 

(motivation to exercise).We have shown that the Minne-Loppet is supporting domain-

specific motivation (for skiing) but is not universally supporting general exercise motivation, 

particularly among Hispanic students. Future research will be needed to improve our 

understanding of how the constellation of self-determination theory outcomes interact to 

lead from more specific motivation to more general motivation, and what characteristics of 

the program can be improved to better engage all students. Further, delineating the 

successful aspects of the program will allow the characteristics to be applied to and tested in 

other sports and physical activity interventions.

Suggestions for Program Improvement and Future Research

The curriculum for Minne-Loppet Ski Program is currently in its second version, and this is 

the first version to be guided by self-determination theory. There is, therefore, room to 

improve autonomy support. One simple way to improve autonomy support is to offer 

choices of activities within each lesson. For example, offering a competitive game, such as 

soccer on skis, as well as a noncompetitive challenge course where students are encouraged 

to improve on their own performance at their own pace could improve autonomy support by 

offering choices. Furthermore, this approach would meet the needs of children who are 

competitively inclined as well as those who are not.
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A more complex way to support autonomy may involve working closely with the schools. 

While none of the classroom ICCs were particularly high, the fact that the autonomy 

outcome had the highest ICC (0.12) could indicate classroom and school policies have some 

impact on the students’ experience in the Minne-Loppet program. A particular example of a 

school policy that is of interest is school cold weather policy. If a school is particularly 

cautious about letting students outside in cold weather—some schools require indoor recess 

if the temperature is below –9°C—the students may learn that it is not possible to safely be 

outside in cold weather, which may decrease their feelings of autonomy. Future work might 

test whether a change in schools’ cold weather policies has an impact on students’ levels of 

autonomy.

Future research should also consider the relationship between autonomy competence and 

relatedness. Do the 3 act synergistically? Is autonomy more predictive of motivation than 

relatedness and competence? Does 1 of the 3 need to precede the others? For example, is 

competence support a prerequisite for autonomy support? As skiing is a skill intense sport, 

the time frame required to develop true competence is likely longer than the follow-up of 

this study, particularly among children of this age. Future studies, as well as future data 

collection efforts with the Minne-Loppet program, should collect measures of competence 

and autonomy at multiple time points on the same individuals and determine whether the 

trend in competence truly does predict a lagged trend in autonomy.

Finally, future research will be needed to determine which specific aspects of the Minne-

Loppet program are responsible for improvements in motivation, whether these aspects can 

be applied to other sports and physical activity programs and interventions, and whether 

there are characteristics of the program that could be improved to better support motivation 

for all students—for example, Hispanic students as identified in this study. Are there 

particular characteristics of the coaches that make them more or less effective, like their 

delivery style or if they are of the same ethnicity/race as the students? Would it be useful to 

have bilingual coaches? Future research and evaluation partnership with the Loppet 

Foundation will allow us to test such incremental changes by randomly assigning classes to 

receive these changes during a season and then roll the successful changes out to all 

participants in following years and will become the basis for an iterative community health 

intervention partnership model of health behavior interventions. These lessons could be 

applied also to other sports—particularly since skiing is a winter activity and the lessons 

learned from one winter may be lost before the next.

Strengths and Limitations

Because scheduling for the Minne-Loppet program is based on availability of the coaches 

and the classrooms, it was not possible to randomize the classrooms to receiving the Minne-

Loppet program. While the assignment to the Minne-Loppet program is generally based on 

scheduling, it is possible that some teachers use the Minne-Loppet program as a reward for 

well-behaved classes. Further, since the Minne-Loppet is a popular program, some teachers 

take other classes skiing outside of the Minne-Loppet program. This introduces the 

possibility that control classrooms received some level of the Minne-Loppet intervention 

(contamination).We addressed this limitation to the best of our ability by sampling control 
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classrooms from the same schools as Minne-Loppet program classrooms and by adjusting 

all analyses for year in school, race, sex, and baseline measures of all outcome variables to 

improve the exchangeability of control classrooms and Minne-Loppet program classrooms. 

Further, we expect that if participants in control classes were allowed to ski during the 

school year, this would most likely bias effect estimates toward the null.

This study is also limited by the self-report nature of all the measures used. The students are 

aware of the purpose of the Minne-Loppet program and therefore may be more likely to 

report increased motivation because of a social desirability bias or demand characteristics.
25,26 Attempts were made to minimize this by explaining at each survey collection that the 

students would not be evaluated based on their answers. However, future data collection with 

the Minne-Loppet program should expand to include measures that are less susceptible to 

demand characteristics or social desirability—such as direct observation or accelerometer 

measurement of actual physical activity during the lessons. Also, future Minne-Loppet data 

collection should shift away from collecting the self-report measures during Minne-Loppet 

classes and should collect them weeks before the program begins and weeks after the 

program ends in a more neutral setting like a computer lab. The present study represents the 

first test of the Minne-Loppet program effect on exercise motivation, and in future studies, 

we aim to collect longer term follow-ups as well to measure the durability of any effects.

Another limitation is the generalizability of this study. The Minne-Loppet program was 

evaluated in 1 school district in Minnesota. It is unclear whether the program would be 

effective in other districts or in other states. Since this is a cross-country skiing intervention, 

it will not be directly transferable to areas that do not receive snowfall during the winter. 

However, we have suggested that future studies should identify successful characteristics of 

the Minne-Loppet program and test whether these characteristics can be applied in other 

interventions.

A substantial strength of this study was the use of self-determination theory, a theory of 

motivation development, and the trans-contextual model to inform and evaluate the 

curriculum. By measuring autonomy, competence, and relatedness as well as motivation for 

exercise and motivation for skiing, we were able to generate evidence about which needs 

were being supported. This allowed us to suggest school policy changes and modifications 

to the curriculum that should be tested to better support intrinsic motivation to exercise.

This study also benefitted from a diverse sample that allowed examination of the effects 

within subgroups. We are aware of only 2 physical activity intervention trials that examined 

treatment effects within subgroups of both sexes and more than 1 race.16,17 In this study, we 

were able to show that the effects of the Minne-Loppet program did not differ by sex and 

that competence and general motivation to exercise seemed to be more supported in African 

American students and potentially white students than in Hispanic students.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Miller et al. Page 10

Am J Health Promot. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Acknowledgements

The authors thank Jennifer Renner, MPH, and Samantha Osterhaus, MPH, who contributed to data collection for 
this study and Junia Nogue de Brito, MPH, who contributed to data management for this study.

Funding

The author(s) disclosed receipt of the following financial support for the research, authorship, and/or publication of 
this article: Jonathan M. Miller is supported by grant T32CA163184 from the National Cancer Institute (PI: 
Michele Allen).

References

1. Troiano RP, Berrigan D, Dodd KW, Mâsse LC, Tilert T, Mcdowell M. Physical activity in the united 
states measured by accelerometer. Med Sci Sports Exerc 2008;40(1):181–188. doi:10.1249/mss.
0b013e31815a51b3. [PubMed: 18091006] 

2. Dixon JB. The effect of obesity on health outcomes. Mol Cell Endocrinol. 2010;316(2):104–108. 
doi:10.1016/j.mce.2009.07.008. [PubMed: 19628019] 

3. World Health Organization. Global health risks: mortality and burden of disease attributable to 
selected major risks. Bull World Health Organ 2009;87:646–646. doi:10.2471/BLT.09.070565. 
[PubMed: 19784438] 

4. Metcalf B, Henley W, Wilkin T. Effectiveness of intervention on physical activity of children: 
systematic review and meta-analysis of controlled trials with objectively measured outcomes 
(EarlyBird 54). BMJ 2012;345(1):e5888–e5888. doi:10.1136/bmj.e5888. [PubMed: 23044984] 

5. Jago R, Edwards MJ, Sebire SJ, et al. Bristol Girls Dance Project (BGDP): protocol for a cluster 
randomised controlled trial of an after-school dance programme to increase physical activity among 
11–12 year old girls. BMC Public Health. 2013;4(6): 1003. doi:10.1186/1471-2458-13-1003.

6. Lubans DR, Smith JJ, Plotnikoff RC, et al. Assessing the sustained impact of a school-based obesity 
prevention program for adolescent boys: the ATLAS cluster randomized controlled trial. Int J Behav 
Nutr Phys Act 2016;13:92. doi:10.1186/s12966-016-0420-8. [PubMed: 27542825] 

7. Babic MJ, Smith JJ, Morgan PJ, et al. Intervention to reduce recreational screen-time in adolescents: 
outcomes and mediators from the ‘Switch-Off 4 Healthy Minds’ (S4HM) cluster randomized 
controlled trial. Prev Med (Baltim) 2016;91(2016):50–57. doi:10.1016/j.ypmed.2016.07.014.

8. Ryan R, Deci E. Self-determination theory and the facilitation of intrinsic motivation. Am Psychol 
2000;55(1):68–78. doi:10.1037/0003-066X.55.1.68. [PubMed: 11392867] 

9. Hagger MS, Chatzisarantis NLD. The trans-contextual model of autonomous motivation in 
education: conceptual and empirical issues and meta-analysis. Rev Educ Res 2016;86(2):360–407. 
doi:10.3102/0034654315585005. [PubMed: 27274585] 

10. Cox AE, Smith AL, Williams L. Change in physical education motivation and physical activity 
behavior during middle school. J Adolesc Heal 2008;43(5):506–513. doi:10.1016/j.jadohealth.
2008.04.020.

11. Sibley BA, Bergman SM. Relationships among goal contents, exercise motivations, physical 
activity, and aerobic fitness in university physical education courses. Percept Mot Ski 2016;122(2): 
678–700. doi:10.1177/0031512516639802.

12. Hagger MS, Culverhouse T, Chatzisarantis NLD, Biddle SJH. The processes by which perceived 
autonomy support in physical education promotes leisure-time physical activity intentions and 
behavior: a trans-contextual model. J Educ Psychol 2003;95(4): 784–795. doi:
10.1037/0022-0663.95.4.784.

13. Teixeira PJ, Carraça EV, Markland D, Silva MN, Ryan RM. Exercise, physical activity, and self-
determination theory: a systematic review. Int J Behav Nutr Phys Act 2012;9:78. doi:
10.1186/1479-5868-9-78. [PubMed: 22726453] 

14. Silva MN, Markland D, Vieira PN, et al. Helping overweight women become more active: need 
support and motivational regulations for different forms of physical activity. Psychol Sport Exerc 
2010;11(6):591–601. doi:10.1016/j.psychsport.2010.06.011.

Miller et al. Page 11

Am J Health Promot. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



15. Silva MN, Markland D, CarraÇa EV, et al. Exercise autonomous motivation predicts 3-yr weight 
loss in women. Med Sci Sports Exerc 2011;43(4):728–737. doi:10.1249/MSS.0b013e3181f3818f. 
[PubMed: 20689448] 

16. Frenn M, Malin S, Bansal N, et al. Addressing health disparities in middle school students’ 
nutrition and exercise. J Community Health Nurs 2003;20(1):1–14. doi:10.1207/
S15327655JCHN2001. [PubMed: 12581939] 

17. Hannon JC, Ratliffe T. Physical activity levels in coeducational and single-gender high school 
physical education settings. J Teach Phys Educ 2005;24:149–164. http://search.ebscohost.com/
login.aspx?direct=true&db=s3h&AN=17799722&site=ehost-live.

18. American College of Sports Medicine. 2017 Health and Community Fitness Status of the 50 
Largest Metropolitan Areas. 2017 http://www.americanfitnessindex.org/wp-content/uploads/
2014/02/ACSM-AFI-Report-2017.pdf. Updated May, 2017. Accessed December, 2017.

19. Bélanger M, Gray-Donald K, O’loughlin J, Paradis G, Hanley J. Influence of weather conditions 
and season on physical activity in adolescents. Ann Epidemiol 2009;19(3):180–186. doi:10.1016/
j.annepidem.2008.12.008. [PubMed: 19217000] 

20. Standage M, Duda JL, Ntoumanis N. A test of self-determination theory in school physical 
education. Br J Educ Psychol 2005; 75(Pt 3):411–433. doi:10.1348/000709904X22359. [PubMed: 
16238874] 

21. Luepker RV, Perry CL, Mckinlay SM, et al. Outcomes of a field trial to children’s dietary patterns 
and physical activity. JAMA J Am Med Assoc 1996;275(10):768–776.

22. Webber LS, Catellier DJ, Lytle LA, et al. Promoting physical activity in middle school girls: trial of 
activity for adolescent girls. Am J Prev Med 2008;34(3):173–184. doi:10.1016/j.amepre.
2007.11.018. [PubMed: 18312804] 

23. Murillo Pardo B, García Bengoechea E, Julián Clemente JA, Generelo Lanaspa E. Motivational 
outcomes and predictors of moderate-to-vigorous physical activity and sedentary time for 
adolescents in the sigue la huella intervention. Int J Behav Med 2016;23(2):135–142. doi:10.1007/
s12529-015-9528-5. [PubMed: 26714463] 

24. Cheon SH, Reeve J, Song YG. A teacher-focused intervention to decrease PE students’ amotivation 
by increasing need satisfaction and decreasing need frustration. J Sport Exerc Psychol 2016; 38(3):
217–235. doi:10.1123/jsep.2015-0236. [PubMed: 27385730] 

25. Orne M Demand characteristics and the concept of quasi-controls In: Rosenthal R, Rosnow R, eds. 
Artifact in Behavioral Research. New York, NY: Academic Press Inc; 1969:143–179. http://
www.sas.upenn.edu/psych/history/orne/orne1969inrosenthalrosnowbc.html.

26. Weber SJ, Cook TD. Subject effects in laboratory research: an examination of subject roles, 
demand characteristics, and valid inference. Psychol Bull 1972;77(4):273–295. doi:10.1037/
h0032351.

Miller et al. Page 12

Am J Health Promot. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://search.ebscohost.com/login.aspx?direct=true&db=s3h&AN=17799722&site=ehost-live
http://search.ebscohost.com/login.aspx?direct=true&db=s3h&AN=17799722&site=ehost-live
http://www.americanfitnessindex.org/wp-content/uploads/2014/02/ACSM-AFI-Report-2017.pdf.UpdatedMay,2017
http://www.americanfitnessindex.org/wp-content/uploads/2014/02/ACSM-AFI-Report-2017.pdf.UpdatedMay,2017
http://www.sas.upenn.edu/psych/history/orne/orne1969inrosenthalrosnowbc.html
http://www.sas.upenn.edu/psych/history/orne/orne1969inrosenthalrosnowbc.html


SO WHAT?

What is already known on this topic?

Motivation to exercise and the self-determination theory components of motivation 

predict leisure time physical activity in adolescents and adults as much as 3 years later. 

Studies are currently underway to increase motivation to exercise during physical 

education.

What does this article add?

The Minne-Loppet Motivation Study showed a treatment effect on motivation to ski and, 

in some subgroups, on motivation to exercise. To our knowledge, this is the first study to 

show treatment effects on motivation for an intervention grounded in self-determination 

theory and specifically designed to promote winter outdoor physical activity in grade 

school children.

What are the implications for health promotion practice or research?

This study represents the first effort in what we hope will become a model for 

community-based public health behavior interventions: with researchers committing to a 

long-term partnership with a community organization (here, the Loppet Foundation) that 

can sustainably implement the intervention. The long-term relationship, which we call 

the iterative community health intervention partnership (ICHIP), will benefit the 

community organization by providing evaluation of their programs and will benefit 

behavior researchers by presenting an opportunity to test causal mechanisms by 

randomizing incremental changes, rather than trying to intervene on everything at once as 

in previous obesity prevention trials. Efforts are currently ongoing to expand this 

partnership with the Loppet Foundation as a model for future partnerships based on the 

areas for future work identified in this study.
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Figure 1. 
Development of motivation as proposed by self-determination theory and the trans-

contextual model.
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Table 1.

Demographics and Baseline by Treatment.

Minne-Loppet Control

Classrooms, n (%) 18 (60.0%) 12 (40.0%)

Individuals, n (%) 321 (59.4%) 219 (40.6%)

Year in school, n (%)
a

 3rd 45 (14.0%) 81 (37.0%)

 4th 143 (44.6%) 56 (25.6%)

 5th 133 (41.4%) 82 (37.4%)

Sex and race/ethnicity, n (%)

 Male 179 (55.9%) 116 (53.2%)

  White 22 (12.6%) 20(17.2%)

  African American 74 (42.3%) 37 (32.0%)

  Hispanic 39 (22.3%) 27 (23.3%)

  Mixed or other 40 (22.9%) 32 (27.6%)

 Female 141 (44.1%) 102 (46.8%)

  White 11 (7.9%) 8 (8.0%)

  African American 61 (43.6%) 36 (36.0%)

  Hispanic 34 (24.3%) 25 (25.0%)

  Mixed or other 34 (24.3%) 31 (31.0%)

Baseline, mean (SD)

 Exercise motivation score 16.8 (3.7) 16.5 (3.5)

 Ski motivation score
a 17.5 (3.5) 16.0 (4.5)

 Autonomy score
a 20.8 (5.1) 22.9 (3.9)

 Competence score 20.1 (3.7) 19.9 (4.2)

 Relatedness score 19.0 (4.9) 19.2 (4.2)

Abbreviation: SD, standard deviation.

a
Minne-Loppet arm differs significantly from the control arm at P < .05.
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Table 2.

Treatment Effect Estimates on Each Self-Determination Theory Outcome.

Treatment Effect, p (95% CI)

Exercise Motivation
a

0.12 (—0.73 to 0.96)

Ski motivation
a

0.95 (0.15 to 1.75)
b

Autonomy
c

0.18 (—1.01 to 1.36)

Competence
d

0.78 (0.06 to 1.50)
b

Relatedness
c 0.64 (—0.18 to 1.46)

Abbreviation: CI, confidence interval.

a
Range of possible scores for the motivation scales is 4 to 20.

b
Minne-Loppet arm differs significantly from the control arm at P < .05.

c
Range of possible scores for the autonomy scale is 6 to 30.

d
Range of possible scores for the competence and relatedness scales is 5 to 25.
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Table 3.

Treatment Effect Estimates on Self-Determination Theory Constructs Stratified by Ethnicity/Race.

African American: 
Treatment Effect, β (95% 
CI)

Hispanic: Treatment 
Effect, β (95% CI)

White: Treatment 
Effect, β (95% CI)

Mixed or Other: 
Treatment Effect, β 
(95% CI)

Exercise motivation
a,b

Ski motivation
a

Autonomy
d

Competence
e,b

Relatedness
e

1.08 (0.03 to 2.14)
c

1.51 (0.18 to 2.85))
c

1.01 (−0.46 to 2.47)

1.95 (0.91 to 2.99)
c

1.21 (−0.27 to 2.69)

−0.02 (−1.76 to 1.72)

1.48 (0.18 to 2.79)
c

−1.17 (−3.47 to 1.14)
−0.14 (−1.69 to 1.42)
0.93 (−0.51 to 2.37)

0.92 (−2.07 to 3.91)
0.1 (−2.28 to 2.47)
−0.39 (−3.08 to 2.3)
0.63 (−0.94 to 2.19)
0.41 (−1.9 to 2.71)

−1.1 (−2.43 to 0.22)
−0.14 (−1.65 to 1.38)
0.49 (−1.59 to 2.56)
−0.19 (−1.64 to 1.26)
0.08 (−1.69 to 1.84)

Abbreviation: CI, confidence interval.

a
Range of possible scores for the motivation scales is 4 to 20.

b
The interaction term of treatment × race is significant at P < .05.

c
Minne-Loppet arm differs significantly from the control arm at P < .05.

d
Range of possible scores for the autonomy scale is 6 to 30.

e
Range of possible scores for the competence and relatedness scales is 5 to 25.
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