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 12 

Abstract 13 

Active travel (using an active mode of transport such as walking or cycling) contributes to the 14 

accumulation of daily physical activity and thus holds potential for promoting health. To 15 

promote active travel among adolescents an in-depth understanding of determinants from a 16 

sex/gender perspective is needed. Within Self-Determination Theory (SDT), it is proposed 17 

that the quality of an individuals’ motivation (i.e., the degree to which it is autonomous) 18 

determines the extent to which they engage in particular behaviors and perform them 19 

effectively. As part of the ARRIVE study, the aim of this research was to investigate the 20 

relationship between motivation and active travel in adolescent boys (N = 263, Mage = 12.92) 21 

and girls (N = 254, Mage = 13.21) from a nationwide German sample. Results showed 22 

significant group differences between male and female adolescents in the proportion of trips 23 

traveled actively, intrinsic motivation and amotivation. Logistic regression analyses 24 

demonstrated different relationships of the different types of motivation proposed within SDT 25 

on active travel behavior depending on sex/gender. In the total sample, integrated and 26 

identified regulation increased the odds of active travel (by 15.8%, and 20.3% respectively), 27 

whereas amotivation decreased the odds by 23.0%. Intrinsic motivation and controlled forms 28 

of extrinsic motivation (i.e. introjected and external regulation) did not significantly change the 29 

odds of active travel. Separate sex/gender-specific analyses were conducted. For boys, only 30 

identified regulation significantly increased the odds of active travel (by 40.2%) and 31 

amotivation significantly decreased the odds (by 18.8%). In girls, integrated (by 25.3%) and 32 

external (by 20.3%) regulation significantly increased the odds of active travel, while 33 

amotivation (26.6%) significantly decreased the odds. We conclude that disparities exist in 34 

the relationship among different regulation types with active travel behavior between 35 

adolescent boys and girls, and that findings contradictory to SDT might result from the 36 

specific context of traveling to a destination. Considering the regression analyses findings, 37 

future interventions to promote active travel among adolescents should incorporate 38 



sex/gender-sensitive development, because some behavioral regulations might not be 39 

equally effective among girls and boys.  40 
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1 Introduction 44 

The majority of young people in Europe and around the globe fail to meet the recommended 45 

amount of physical activity (PA) (Guthold, Stevens, Riley, & Bull, 2020; Steene-Johannessen 46 

et al., 2020) of an average of at least 60 min/day across the week (Bull et al., 2020; WHO, 47 

2020). This is concerning because the health benefits of PA in childhood and adolescence 48 

are evidenced (Janssen & LeBlanc, 2010; Poitras et al., 2016; WHO, 2020). Further, these 49 

PA-related health benefits as well as the PA behaviors can persist into adulthood (Corder et 50 

al., 2019; Telama et al., 2014). Recent research reinforces a PA gap between boys and girls, 51 

with girls being consistently less active across all age groups (Guthold et al., 2020; Steene-52 

Johannessen et al., 2020). This is also evident in Germany with girls meeting the WHO 53 

guidelines less frequently than boys (Burchartz et al., 2021).  54 

Past research has shown that active travel (AT) (e.g. walking or cycling to a destination) 55 

does not only contribute to adolescents’ daily PA (Carlin, Murphy, & Gallagher, 2016; 56 

Larouche, Saunders, Faulkner, Colley, & Tremblay, 2014), but it can also enhance several 57 

markers of physical fitness, such as cardiorespiratory fitness, muscular strength or body 58 

composition (Henriques-Neto et al., 2020). Further, AT helped to reduce the prevalence of 59 

non-specific psychosomatic complaints (Kleszczewska et al., 2020).  60 

However, recent research from several countries has demonstrated a declining or generally 61 

low prevalence of AT in adolescence (Haug et al., 2021; Larouche, 2018). Internationally, 62 

differences between boys and girls in the prevalence of AT or in travel mode have been 63 

identified, including Australia (Leslie, Kremer, Toumbourou, & Williams, 2010), Ireland 64 

(Costa, Adamakis, O'Brien, & Martins, 2020), Wales and Scotland (Haug et al., 2021), the 65 

Czech Republic (Pavelka et al., 2017), and New Zealand (Kek, García Bengoechea, Spence, 66 

& Mandic, 2019; Smith et al., 2019). In Germany, however, the MoMo Study did not find 67 

significant sex/gender1 differences in AT to school. Nevertheless, the prevalence of walking 68 

(girls: 17.7%; boys: 20.2%) and cycling (girls: 21.5%; boys: 25.2%) to school was low among 69 

adolescents aged 11-17 years, which also indicated a tending difference in the choice of 70 

travel mode (Reimers et al., 2020). Additionally, a study in Southern Germany among 12 to 71 

 
1 The term sex/gender aims to recognize the entanglement of the socially induced gender-related factors and the 

sex-based biological / physiological attributes that interact to influence health behaviours. To recognize this, we 

follow the recommendations of the Cochrane Sex/Gender Methods Group by using the term sex/gender 

(Sex/Gender Methods Group; Springer, Mager Stellman, & Jordan-Young, 2012) 



15 year-olds showed that girls were significantly less likely to cycle to school than boys 72 

(Schönbach, Brindley, Reimers, Marques, & Demetriou, 2020). Thus, there is still room for 73 

improvement for adolescent boys and girls. Apart from the benefit both boys and girls could 74 

gain from increased AT, promoting girls’ AT might specifically contribute to reducing the 75 

sex/gender gap in PA, since girls generally demonstrate lower PA levels than boys (Guthold 76 

et al., 2020; Steene-Johannessen et al., 2020). The importance of taking a sex/gender-77 

differentiated approach to health behaviors has been highlighted by recent research in the 78 

field of sex/gender (Schlund et al., 2021). Nevertheless, especially intervention studies 79 

concerning the promotion of AT in children and adolescents do not sufficiently consider 80 

sex/gender (Marzi et al., 2020). To facilitate the development of sex/gender-sensitive 81 

intervention programs, the determinants of adolescents’ travel behavior should be examined 82 

from such a sex/gender perspective. 83 

From a social-ecological standpoint, AT behavior is influenced by individual, interpersonal, 84 

community, built environment and policy determinants (Larouche & Ghekiere, 2018). On the 85 

individual level, motivation has the potential to positively influence health behaviors such as 86 

AT behavior (Ntoumanis et al., 2021; Ryan & Deci, 2017; Schönbach, Vondung, et al., 2020).  87 

Among numerous psychological theories concerning motivation, Self-Determination Theory 88 

(SDT; Ryan & Deci, 2017) is an established framework to examine motivational processes 89 

for health-related behaviors and to design interventions (Ng et al., 2012). Research 90 

substantiates the applicability of SDT in PA settings (Teixeira, Carraça, Markland, Silva, & 91 

Ryan, 2012). More specifically aligned with the current work, SDT has been applied in the 92 

context of children’s and adolescents’ PA participation (Owen, Smith, Lubans, Ng, & 93 

Lonsdale, 2014; Vasconcellos et al., 2020) as well as more recently to the context of AT to 94 

and from school (Burgueño et al., 2019; Burgueño et al., 2020; Marques et al., 2022; 95 

Marques et al., 2021). 96 

In addressing motivation (i.e., why people are moved to act), SDT focuses not only on 97 

quantity but also on the quality of motivation. According to SDT, two general types of 98 

motivation (i.e., controlled motivation and autonomous motivation) as well as the construct of 99 

amotivation exist and are ordered along a continuum according to the degree of their 100 

autonomy (Ryan & Deci, 2017). At the one end of the continuum, amotivation represents a 101 

state in which a person lacks any autonomy or intention to engage in a behavior. Ascending 102 

according to the degree of relative autonomy, amotivation is followed by the controlled forms 103 

of motivation, which are regulated by external factors such as receiving rewards or avoiding 104 

punishments (external regulation), or by internal desires for example to avoid a feeling of 105 

guilt or maintain self-esteem (introjected regulation). Moving along the continuum, the 106 

autonomous forms of motivation are the result of the conscious value a person ascribes to 107 



the behavior (identified regulation), the congruence with personal needs, values, and goals 108 

(integrated regulation), or the mere interest, enjoyment and satisfaction that a person obtains 109 

by performing the behavior (intrinsic motivation). In the literature, this dimensional structure 110 

results in different approaches to capture motivation (Howard et al., 2020; Kelso et al., 2020). 111 

Recent research emphasizes the value of differentiating the motivational types according to 112 

their behavioral regulation, as it can encourage meaningful intervention development, for 113 

example, by supporting decision-making on the conveying focus of activities (e.g. enjoyment, 114 

meaning, reward) (Howard et al., 2020). In terms of sex/gender differences in behavioral 115 

regulations, Teixeira et al. (2012) recommended that researchers acknowledge their potential 116 

existence and break down data across sex/gender accordingly. Their findings suggest a 117 

disparity between males and females in the strength and effect of each behavioral regulation 118 

on behavior. Specifically, they reported that certain behavioral regulations were more 119 

positively associated with exercise in females while showing no or negative associations in 120 

males and vice versa. Although their research focuses on an adult population and exercise, 121 

their findings and suggestions are still relevant to our investigation. 122 

Research conducted in Spain provided initial evidence to support the relevance of the 123 

motivation types within SDT and AT to school. Specifically, Burgueño et al. (2019) reported 124 

that the autonomous forms of motivation (i.e. intrinsic motivation, integrated regulation, and 125 

identified regulation) positively predicted adolescents’ AT behavior to school. However, this 126 

study did not investigate potential sex/gender differences in the six behavioral regulations or 127 

whether each regulatory style had equal influences on AT behavior in adolescent girls and 128 

boys. Further, the research conducted by Burgueño et al. (2019) was limited to the school 129 

domain. Generally, previous studies on AT predominantly focused on AT to/from school 130 

(Carlin et al., 2016; Schoeppe, Duncan, Badland, Oliver, & Curtis, 2013) although research 131 

suggests that school is just one among several destinations that adolescents frequently 132 

travel to in everyday life (Nobis & Kuhnimhof, 2018). Moreover, most studies focus on 133 

younger children rather than adolescents (Aranda-Balboa, Huertas-Delgado, Herrador-134 

Colmenero, Cardon, & Chillón, 2020; Carlin et al., 2016; Schönbach, Altenburg, Marques, 135 

Chinapaw, & Demetriou, 2020), even though adolescence represents a critical life stage 136 

where changes in health behaviors (e.g. AT behavior) are likely to occur and to be carried 137 

over into adulthood (Mikkelsen et al., 2019).  138 

Therefore, the present study aims to specifically address these lacks of knowledge by i) 139 

taking a sex/gender oriented approach to the motivational determinant of AT behavior; ii) 140 

focusing on AT in general by addressing more destinations of daily life than school; and iii) 141 

including adolescents aged 11-15 years. To the best of our knowledge, no previous study 142 

has examined the motivational mechanisms in general AT in adolescent boys and girls from 143 

a sex/gender-sensitive perspective.  144 



Based on the reported importance to identify determinants of general AT behavior coupled 145 

with the outlined lack of knowledge, the purposes of this work were twofold. First, this study 146 

aimed to systematically investigate whether sex/gender differences exist in the different 147 

behavioral regulations for AT. Second, the aim was to examine whether there are disparities 148 

in the effects of different regulation types on AT behavior between adolescent boys and girls. 149 

Overall, we hypothesize that the six behavioral regulations will help to explain AT behavior in 150 

adolescent boys and girls. By investigating the relationships of the behavioral regulations 151 

with AT behavior, this study contributes to the overarching aim of the ARRIVE study, to 152 

empirically evaluate the theoretical relationships of diverse determinates with general AT 153 

behavior in adolescents (Reimers et al., 2022). 154 

2 Methods 155 

2.1 Study design 156 

The present investigation is part of the ARRIVE (Active tRavel behavioR in the famIly 157 

enVironmEnt) study, a cross-sectional study to explore social and individual factors within the 158 

family environment that influence adolescents’ AT behavior (Reimers et al., 2022). For this 159 

purpose, the ‘Conceptual Framework for the Environmental Determinants of Active Travel in 160 

Children’ by Panter, Jones, and van Sluijs (2008) was used. The proposed categories of this 161 

framework were supplied with several evidence based determinants of adolescents’ travel 162 

behavior.  163 

2.2 Procedure of data collection 164 

The data collection was conducted in June 2021 by the means of computer-assisted web 165 

interviewing. Adolescents were recruited via their parents, by the use of an existing German-166 

wide online panel (forsa.omninet), which is representative of the German population with 167 

regard to age, gender, education, and place of residence. The sample was drawn 168 

purposively, in order to achieve an approximately equal number of mothers and fathers with 169 

approximately equal number of daughters and sons aged 11-15 years. A minimum sample 170 

size of 500 parents and 500 adolescents was targeted (Bujang, Sa'at, Sidik, & Joo, 2018). 171 

The survey questionnaires were provided online using an online tool specifically developed 172 

by Forsa. Parents were recruited offline via telephone interviewing to ensure the 173 

representation of people who rarely use the internet within the sample. After parents 174 

provided informed consent for participation in the survey, they received a link to the 175 

questionnaire via e-mail. The survey was divided into two parts: parents completed the first 176 

part of the survey and adolescents responded to the second part. First, parents were 177 

informed about the purpose of the study and asked to answer the questions truthfully. After 178 

parents had completed the respective part of the questionnaire, they were asked to provide 179 

the link to the adolescent so as to let the adolescents fill in the questionnaire on their own. 180 



Parents were advised to only be available for possible comprehension questions. Then, 181 

adolescents received the information on the study’s purpose and how to answer questions. 182 

Adolescents also provided informed consent for participation before responding to the 183 

remaining questions. Before every new section of the questionnaire, adolescents were 184 

informed about the following content, reminded to answer the questions truthfully, and told 185 

that there were no right or wrong answers to the study items. To ensure full completion of the 186 

questionnaires, participants had to provide answers to every single item in order to move to 187 

the next page and to successfully complete the survey. In the case of more adolescents 188 

within the age of 11-15 years in the family, parents were instructed to choose the adolescent 189 

whose first name comes first in the alphabet. The current analyses are only based on the 190 

adolescent survey. In total, the adolescent survey took about 15 minutes to complete.  191 

2.3 Study population 192 

The study population consisted of 254 girls (Mage = 12.92 ± 1.35) and 263 boys (Mage = 13.21 193 

± 1.33) from cities with more than 100,000 inhabitants (29.2%), medium-sized towns 194 

consisting of 20,000–99,999 inhabitants (17.4%), small towns with 5,000–19,999 inhabitants 195 

(22.2%), and regions with less than 5,000 inhabitants (30.8%) across the whole of Germany. 196 

87.2% of adolescents reported no migration background, 10.3% indicated a migration 197 

background from one parent and 2.5% reported a migration background from both parents. 198 

Details on characteristics of the study population are presented in Table 1. One adolescent 199 

was excluded prior to analyses because the adolescent indicated a diverse gender and the 200 

sample size of n=1 was too small to allow for a separate analysis. 201 

Table 1 202 

Characteristics of the study population. 203 

 Total Boys Girls 

N 517 263 (51%) 254 (49%) 

Age    

11 81 31 50 

12 113 60 53 

13 109 52 57 

14 119 64 55 

15 95 56 39 

Residence    

cities (> 100,000 inhabitants) 151 78 73 

medium-sized towns (20,000–99,999 inhabitants) 90 45 45 

small towns (5,000–19,999 inhabitants) 115 59 56 

rural areas (< 5,000 inhabitants) 159 80 79 

Missing 2   

Type of school    



Primary School 12 4 8 

Secondary School (Mittelschule*) 24 13 11 

Secondary School (Realschule*) 99 55 44 

Secondary School (Gymnasium*) 294 140 154 

Comprehensive secondary School* 74 43 31 

Other 10 5 5 

Missing 4   

Migration background    

Yes, from both parents 13 9 4 

Yes, from one parent 53 27 26 

No migration background 451 227 224 

Perceived social support for AT from parents ** 5.50 (1.01) 5.54 (0.06) 5.48 (0.06) 

Note: * In Germany, students in secondary school are taught at different performance levels either in one school 204 

(comprehensive secondary school) or in separate schools (Hauptschule, Realschule or Gymnasium) 205 

** measured on a 7-point Likert Scale and expressed as a mean value (standard deviation); for detailed 206 

information on measurement please see (Reimers et al., 2022) 207 

 208 

2.4 Measures 209 

2.4.1 Travel behavior 210 

Adolescents indicated transport mode (e.g. by bike, by bus, by car, etc.) to several 211 

destinations, which have previously been identified as relevant in adolescent populations 212 

from Germany (Nobis & Kuhnimhof, 2018). Thus, the five ways assessed included the way to 213 

and from school, to friends/relatives, to shopping facilities and to destinations for leisure-time 214 

activities. For this purpose, the Mode and Frequency of Commuting To and From School 215 

Questionnaire (Segura-Diaz et al., 2020) was modified and translated to German. The 216 

responses on mode of transport were given based on a questionnaire from the Mobility in 217 

Germany survey (Mobilität in Deutschland, MiD) (Eggs et al., 2018). Responses to the mode 218 

of transport for each trip were later coded into either active (e.g. walking, cycling) or passive 219 

(e.g. being driven by car, using public transport). Subsequently, two sum scores for each 220 

participant were calculated, indicating the total number of ways traveled actively and 221 

passively (i.e. ranging from 0 – 5 ways traveled actively; 0 – 5 ways traveled passively). 222 

However, some adolescents indicated, that they did not travel to some of the destinations at 223 

all. Therefore, a second (additional) value was calculated for each adolescent: the proportion 224 

of ways traveled actively. For this purpose, we used the total number of ways that an 225 

adolescent reported to undertake actively and passively (Nways traveled actively + Nways traveled 226 

passively), resulting in a value ranging from 0 to 5) and the number of ways traveled actively 227 

(Nways traveled actively). From this, we calculated the proportion of ways traveled actively for each 228 

participant: 229 



𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑜𝑓 𝑤𝑎𝑦𝑠 𝑡𝑟𝑎𝑣𝑒𝑙𝑒𝑑 𝑎𝑐𝑡𝑖𝑣𝑒𝑙𝑦 =  
𝑁𝑤𝑎𝑦𝑠 𝑡𝑟𝑎𝑣𝑒𝑙𝑒𝑑 𝑎𝑐𝑡𝑖𝑣𝑒𝑙𝑦

𝑁𝑤𝑎𝑦𝑠 𝑡𝑟𝑎𝑣𝑒𝑙𝑒𝑑 𝑎𝑐𝑡𝑖𝑣𝑒𝑙𝑦 + 𝑁𝑤𝑎𝑦𝑠 𝑡𝑟𝑎𝑣𝑒𝑙𝑒𝑑 𝑝𝑎𝑠𝑠𝑖𝑣𝑒𝑙𝑦
× 100 230 

 The same procedure was followed to calculate the proportion of ways traveled passively: 231 

𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑜𝑓 𝑤𝑎𝑦𝑠 𝑡𝑟𝑎𝑣𝑒𝑙𝑒𝑑 𝑝𝑎𝑠𝑠𝑖𝑣𝑒𝑙𝑦 =  
𝑁𝑤𝑎𝑦𝑠 𝑡𝑟𝑎𝑣𝑒𝑙𝑒𝑑 𝑝𝑎𝑠𝑠𝑖𝑣𝑒𝑙𝑦

𝑁𝑤𝑎𝑦𝑠 𝑡𝑟𝑎𝑣𝑒𝑙𝑒𝑑 𝑎𝑐𝑡𝑖𝑣𝑒𝑙𝑦+𝑁𝑤𝑎𝑦𝑠 𝑡𝑟𝑎𝑣𝑒𝑙𝑒𝑑 𝑝𝑎𝑠𝑠𝑖𝑣𝑒𝑙𝑦
× 100  232 

2.4.2 Behavioral regulation in active travel 233 

The Spanish Behavioural Regulation in Active Commuting to and from School (BR-ACS) 234 

Questionnaire (Burgueño et al., 2019) was translated to German and adapted to obtain 235 

information about behavioral regulation towards AT in general (with no exclusive focus on AT 236 

to/from school). For this purpose, two independent researchers translated the BR-ACS into 237 

German and adapted the focus from the original school setting (i.e. I walk or cycle to and 238 

from school because…) to general AT (i.e. I cover distances by foot or bike because…). After 239 

the resulting two versions of the questionnaire were discussed to reach a consensual first 240 

German version, three experts in the field of youth’s activity behaviors and motivation 241 

reviewed the first German version in terms of semantic, idiomatic, conceptual, and cultural 242 

equivalences. The second version was then given to an independent translator to assess 243 

whether the German items reflected the content of the original items. The resulting version 244 

was tested for acceptability and understanding by two boys and two girls. Based on their 245 

feedback, the final German version of the BR-ACS questionnaire was established and used 246 

in the study. In total, 23 items on a 5-point Likert Scale assessed behavioral regulation in AT 247 

including intrinsic motivation (four items; e.g. I cover distances by foot or bike because it’s 248 

fun), integrated (four items; e.g. I cover distances by foot or bike because it is consistent with 249 

my own values), identified (three items; e.g. I cover distances by foot or bike because I value 250 

the advantages), introjected (four items; e.g. I cover distances by foot or bike because I feel 251 

guilty when I don’t do so) and external regulation (four items; e.g. I cover distances by foot or 252 

bike because other people say I should do so), and amotivation (four items; e.g. I don’t see 253 

the sense of covering distances by foot or bike). For each subscale measuring the respective 254 

regulation, an average value was calculated. The adapted German questionnaire including 255 

an English translation is enclosed in the supplementary material (Supplementary 1). 256 

2.5 Data analysis 257 

Data analysis was performed in R (R Core Team, 2020) using the psych (Revelle, 2021) and 258 

car (Fox & Weisberg, 2019) packages. According to the recommendation from Flake, Pek, 259 

and Hehman (2017), the validity of the German version of the questionnaire for measuring 260 

behavioral regulation in AT was examined as it was translated and adapted from the original. 261 

The factor structure for the translated German version of the BR-ACS was assessed via 262 

AMOS (version 27.0; Armonk, NY, USA). 263 



First, descriptive statistics for travel behavior and for each subscale of the questionnaire on 264 

behavioral regulation in AT was estimated for the whole sample, and separately for boys and 265 

girls. 266 

Second, a confirmatory factor analysis (CFA) tested the six-factor structure of the 267 

questionnaire used for the present sample. Maximum likelihood method with Bollen-Stine 268 

bootstrap correction (5000 samples) was used since Mardia's test for normality indicated that 269 

the data might not be normally distributed (total sample: Mardia’s coefficient = 128.756, 270 

critical ration (c.r.) = 43.165) (Kline, 2015). According to the recommendation to use a 271 

combination of diverse fit measures (Hu & Bentler, 1999), the following fit indices were 272 

considered to inform about model fit: chi-squared test (2-test), chi-square and degrees of 273 

freedom ratio (2/df), the comparative fit index (CFI), the Tucker-Lewis index (TLI), the root 274 

mean square error of approximation (RMSEA) and the standardized root mean square 275 

residual (SRMR). Because the sensitivity of the 2-test increases with sample size, even 276 

small deviations from a perfect model lead to the rejection of the model (Hu & Bentler, 1999). 277 

Thus, we additionally included the 2/df, which is appropriate with values below 3 (Kline, 278 

2015). CFI and TLI indicate good model fit with values around .95. However, CFI and TLI 279 

values lower or equal to .08 still indicate good model fit, if SRMR (< .11) and RMSEA (< .08) 280 

are also taken into account (Hu & Bentler, 1999). Additionally, the 90% confidence interval 281 

for the RMSEA should not include 0 and the upper border should not exceed .10 (Kline, 282 

2015). The standardized regression weights values should be above 0.40 (Hair, Anderson, 283 

Babin, & Black, 2010) and correlations among latent variables should not exceed values 284 

greater than 0.85 so as to demonstrate an adequate conceptual discrimination (Kline, 2015). 285 

Next, to test whether the item characteristics can be compared between girls and boys, a 286 

multi-group factor analysis of invariance across sex/gender was performed according to 287 

Milfont and Fischer (2010). Whether the more restrictive model fits, was evaluated by means 288 

of 2-difference test. Additionally, both models are considered to reflect the data structure 289 

equally well, as long as differences in CFI and RMSEA remain below values of .010 and .015 290 

respectively (Chen, 2007). For reliability analysis, internal consistency of the subscales was 291 

calculated through Cronbach’s alpha with the respective values indicating excellent > .9, 292 

good > .8, acceptable > .7, questionable > .6, poor >.5, and unacceptable < .5 fit (Blanz, 293 

2021). Additionally, composite reliability was assessed indicating good internal consistency 294 

with values greater or equal to .70 (Hair et al., 2010). Average Variance Extracted (AVE) 295 

indicates good convergent validity with values equal to or greater than .50 (Hair et al., 2010), 296 

yet, AVE values below 0.50 can still be accepted when composite reliability is greater than 297 

.60 (Fornell & Larcker, 1981). 298 



Results of the CFA showed an appropriate fit of the data to the proposed model, sex/gender 299 

differences in behavioral regulations towards AT were investigated in a third step. To test for 300 

equality of variances across the sex/gender groups, Levene’s test was carried out for the 301 

variables of intrinsic motivation, integrated, identified, introjected and external regulation, 302 

amotivation and travel behavior. If the resulting p-value indicated significance (< .05), 303 

homoscedasticity could not be assumed. Thus, to test sex/gender differences in those cases, 304 

the Welch’s t-test was conducted. When the Levene’s test did not reveal significant 305 

differences in variances, a two-sided t-test was used. Differences in travel behavior between 306 

adolescent girls and boys were analyzed using the proportion of ways traveled actively or 307 

passively, to account for the bias that some adolescents did not travel to all five destinations. 308 

A two-sided t-test was used with the level of significance set to p < .05. 309 

Lastly, to assess the effect of the behavioral regulations on AT behavior, a logistic regression 310 

analysis was conducted including the behavioral regulations as predictor variables and travel 311 

behavior as the dependent variable. For this purpose, the sum scores of ways traveled 312 

actively and passively were supplied in the glm function in R to denote success (ways 313 

traveled actively) and failure (ways traveled passively). This procedure takes the different 314 

amount of ways taken into account by calculating the probability of success (traveling to a 315 

destination using an active mode of transport). In order to get a better understanding of how 316 

the six behavioral regulations operate within both sex/genders, the regression analysis was 317 

performed for the whole sample and separately for girls and boys. Regression analyses were 318 

controlled for age, social support and degree of urbanization. Regression coefficients (b) 319 

were then transformed to odds ratios (OR) via the exponential function of the regression 320 

coefficient (eb) (Szumilas, 2010). To determine statistical significance, the obtained p-value 321 

from the Wald test was considered for each regression parameter and set to < .05 with a 322 

95% confidence interval (95%CI). 323 

3 Results 324 

3.1 Descriptive statistics of travel behavior 325 

Across the whole sample, adolescents reported to usually cover 3.05 of the ways actively 326 

and 1.87 ways passively. On average, girls used an active mode of transport for 2.83 trips 327 

whereas boys traveled actively 3.26 trips. A passive mode of transport was used on average 328 

for 1.66 ways by boys and for 2.09 ways by girls. Four adolescents reported not to travel to 329 

friends/relatives, 18 adolescents reported not traveling to leisure time facilities, and 18 330 

adolescents reported not undertaking trips to shopping facilities. Including this information, 331 

adolescents reported active travel to 62% of ways on average and passive travel to 38% of 332 

the ways on average. On average, girls reported to actively travel 58% of the ways and 42% 333 

passively. Boys reported to actively travel 66% of the ways and 34% passively on average.  334 



3.2 Confirmatory factor analyses of the questionnaire used to assess behavioral regulation in 335 

active travel  336 

The CFA indicated acceptable model fit: 2 (215, N=517) = 739.59, p = .00; 2/df = 3.44; CFI 337 

= .92; TLI = .91; SRMR = .079; RMSEA[90%CI] = .069 [.063,.074]; p-close = .000. 338 

Standardized regression weights ranged from .55 (item 7) to .89 (item 10). The simplex 339 

structure proposed within SDT was supported, whereby the latent variables (i.e. the six 340 

behavioral regulations) were more strongly and positively correlated to those that are 341 

theoretically adjacent than to more distant ones. Details on latent correlations (ranging from -342 

53 to .93) and factor loadings are provided in the supplementary material (Supplementary 2).  343 

In addition, and as shown in Table 2, Cronbach’s alpha values ranged from .69 (introjected 344 

regulation) to .91 (intrinsic motivation), indicating acceptable internal consistently for all 345 

subscales except for introjected regulation, where consistency was marginally below .70. 346 

However, composite reliability values all remained equal or above .70 demonstrating good 347 

internal consistency. Average variance extracted values ranged from .37 (introjected 348 

regulation) to .72 (intrinsic motivation). 349 

Table 2 350 

Cronbach’s alpha, composite reliability and average variance extracted for the six subscales 351 

from the questionnaire on behavioral regulation towards active travel. 352 

 Cronbach’s alpha CR AVE 

Intrinsic motivation .91 .91 .72 

Integrated regulation .89 .90 .68 

Identified regulation .72 .73 .48 

Introjected regulation .69 .70 .37 

External regulation .74 .73 .42 

Amotivation .87 .87 .62 

CR = composite reliability, AVE = average value extracted 353 

 354 

3.3 Invariance analysis 355 

Table 3 shows model fit indices for the three constrained models. Differences in CFI and 356 

RMSEA remained below .010 and .015, respectively, supporting factor invariance across 357 

sex/gender. 358 

Table 3 359 

Factor invariance across sex/gender. 360 

 2 df 2/df CFI TLI SRMR RMSEA 
[90%CI] 

MC Δ2 ΔCFI ΔRMSEA 

Configural 
invariance 

1020.983 430 2.374 .911 .895 .0809 .052 
[0.048, 
0.056] 

    



Metric 
invariance 

1045.862 447 2.340 .910 .898 .0842 .051 
[0.047, 
0.055]  

2 vs. 1 24.879 -0.001 -0.001 

Scalar 
invariance 

1099.543 470 2.339 .905 .898 .0840 .051 
[0.047, 
0.055]  

3 vs. 2 40.155* -0.005 0.000 

Error 
variance 
invariance  

1174.404 514 2.285 .901 .902 .0891 .050 
[0.046, 
0.054] 

4 vs. 3 74.861* -0.004 -0.001 

MC = Model Comparison, 1 = Configural invariance model, 2 = Metric invariance model, 3 = Scalar invariance 361 

model, 4 = Error variance invariance model 362 

*significant Chi-square difference with p < .05 363 

 364 

3.4 Sex/gender differences 365 

Compared to girls (M = 0.58; SD = 0.32), boys (M = 0.66; SD = 0.30) reported a significantly 366 

higher proportion of ways which they usually travel actively, t(515) = 3.20; p = .001; d = 0.28. 367 

For the behavioral regulations, significant differences between boys and girls were found in 368 

intrinsic motivation and amotivation (see Table 4 for means, standard deviations, p-values 369 

and effect sizes). Compared to girls, boys expressed significant higher levels in intrinsic 370 

motivation and significant lower levels in amotivation. However, Hedges’ g shows only small 371 

effects. No differences between boys and girls were found in integrated, identified, introjected 372 

or external regulation. Descriptive statistics of the proportion of active and passive ways, and 373 

of the behavioral regulations are presented in Table 4 for the overall sample and with regard 374 

to sex/gender. 375 

Table 4 376 

Description of the six subscales from the questionnaire on behavioral regulation towards 377 

active travel and ways traveled actively and passively, for total sample, boys and girls. 378 

  Mean, SD Skew Kurtosis p-valuea, b 

 Total 3.51, 1.05 -0.51 -0.41  

Intrinsic 
motivation Boys  3.62, 0.97 -0.51 -0.22 .01a* 
 Girls  3.39, 1.12 -0.44 -0.68 g = 0.22 

 Total 3.01, 1.12 -0.01 -0.87  

Integrated 
regulation Boys  3.08, 1.07 0 -0.74 .12a 
 Girls  2.93, 1.16 0.02 -1  

 Total 3.12, 1.03 -0.18 -0.65  

Identified 
regulation Boys  3.14, 1.00 -0.16 -0.57 .62b 
 Girls  3.10, 1.06 -0.19 -0.75  

 Total 1.78, 0.76 1.02 0.72  

Introjected 
regulation Boys  1.80, 0.74 0.96 0.82 .63b 
 Girls  1.77, 0.77 1.08 0.61  

 Total 2.12, 0.92 0.61 -0.45  

External 
regulation Boys  2.06, 0.89 0.67 -0.19 .13b 
 Girls  2.19, 0.94 0.54 -0.7  

 Total 1.78, 0.99 1.32 1.08  

 Boys  1.68, 0.95 1.58 2.08 .02b* 



Amotivation 
 Girls  1.88, 1.02 1.09 0.35 g = 0.20 

Proportion of 
ways traveled 
actively 

Total 0.62, 0.31 -0.32 -0.99  

Boys 0.66, 0.30 -0.47 -0.78 
.001b* 

g = 0.26 
Girls  0.58, 0.32 -0.16 -1.13 

Proportion of 
ways traveled 
passively 

Total 0.38, 0.31 0.32 -0.99  

Boys  0.34, 0.30 0.47 -0.78 
.001b* 

g = 0.26 
Girls  0.42, 0.32 0.16 -1.13 

SD = standard deviation 379 
a Welch's test was performed when Levene's test (p<.05) indicated unequal variances of groups 380 
b two-sided t-test was performed when Levene's test (p>.05) indicated equal variances of groups 381 

* significant difference between girls and boys with p < .05; for significant differences effect sizes (Hedges’ g) are 382 

presented below the p-value 383 

 384 

3.5 Association of behavioral regulations and active travel behavior in adolescents 385 

Logistic regressions were performed to determine the relationship between intrinsic 386 

motivation, integrated regulation, identified regulation, introjected regulation, external 387 

regulation, and amotivation on the likelihood of using an active mode of transport. Table 5 388 

provides an overview of the regression parameters from the analysis for the total sample as 389 

well as for girls and boys separately.  390 

In the overall sample, the model was significant (2=273.92, p < .001) and explained 42.1% 391 

(Nagelkerke R2) of the variance in AT behavior. Integrated and identified regulation as well 392 

as amotivation were significantly related to the likelihood of using an active mode of 393 

transport. While an increase in integrated and identified regulation increases the odds of 394 

using an active mode of transport, an increase in amotivation results in a decrease in the 395 

odds. 396 

For boys, the model was significant (2= 137.99, p < .001) and explained 41.9% (Nagelkerke 397 

R2) of the variance in AT behavior. Intrinsic motivation, integrated regulation, introjected 398 

regulation and external regulation were not significantly associated with the odds of using an 399 

AT mode. Increasing identified regulation was significantly associated with an increase in the 400 

odds of using an AT mode, whereas increasing amotivation decreased the odds of using an 401 

AT mode.  402 

For girls, the model was significant (2=146.45, p < .001) and explained 44.8% (Nagelkerke 403 

R2) of the variance in AT behavior. The analysis revealed no significant association of 404 

intrinsic motivation, identified and introjected regulation with the odds of using an AT mode. 405 

An increase in amotivation significantly decreased the odds of using an AT mode, whereas 406 

an increase in integrated or external regulation significantly increased the odds.  407 

Table 5 408 



Association between behavioral regulations and traveling active for total, male and female 409 

sample. 410 

   Total    Boys    Girls  

  b OR 
[95%CI] 

%  b OR 
[95%CI] 

%  b OR 
[95%CI] 

% 

Intrinsic 
Motivation 

 -.07 0.93  
[0.82, 
1.06] 

-6.9  -.0.9 0.91 
[0.75, 
1.1] 

-9.1  -.11 0.89 
[0.74, 
1.08] 

-10.8 

Integrated 
Regulation 

 .15* 1.16 
[1.01, 
1.33] 

15.8  .07 1.07 
[0.88, 
1.29] 

6.9  .23* 1.25 
[1.03, 
1.53] 

25.3 

Identified 
Regulation 

 .18** 1.20 
[1.05, 
1.38] 

20.3  .34** 1.40 
[1.15, 
1.71] 

40.2  .07 1.07 
[0.88, 
1.30] 

7.2 

Introjected 
Regulation 

 .04 1.04 
[0.90, 
1.21] 

3.9  -.04 0.96 
[0.77, 
1.19] 

-4.0  .12 1.12 
[0.92, 
1.39] 

12.6 

External 
Regulation 

 .09 1.09 
[0.98, 
1.22] 

9.1  -.01 0.99 
[0.84, 
1.17] 

-0.8  .18* 1.20 
[1.03, 
1.41] 

20.3 

Amotivation  -.26** 0.77 
[0.69, 
0.86] 

-23.0  -.21** 0.81 
[0.70, 
0.95] 

-18.8  -.31** 0.73 
[0.63, 
0.86] 

-26.6 

Note: Regression analyses were adjusted for age, social support and level of urbanization. 411 

b = regression coefficient; OR = odds ratio, calculated by exp(b); % = percentage decrease or increase of the 412 

odds of using an active mode of transport, when the respective regression parameter increases by 1  413 

* significant regression coefficient with p < .05; ** significant regression coefficient with p < .01 414 

 415 

4 Discussion  416 

The present work sought to gain a better understanding of the relationship between the 417 

motivational types proposed within SDT and travel behavior in adolescents with emphasis on 418 

the distinction between girls and boys. Thus, we investigated sex/gender differences in 419 

behavioral regulation towards AT. To allow a more individualized perspective, we examined 420 

the relationship between behavioral regulations and AT behavior in adolescent boys and girls 421 

separately. 422 

Prior to proceeding to our main analyses, a CFA was conducted to evaluate the 423 

measurement model and to assess whether the responses to the questionnaire aligned with 424 

a simplex pattern of associations (i.e., reflective of the continuum of relative autonomy within 425 

SDT) (Flake et al., 2017). The obtained fit indices showed an acceptable model fit of the data 426 

to the model. Factor loadings were adequate with values ranging from .55 (item 7) to .89 427 

(item 10). Correlation values among the latent variables were consistent with the theoretical 428 

assumptions of the autonomy continuum from SDT (Ryan & Deci, 2017), supported by the 429 

presence of the proposed simplex structure of association (Ryan & Connell, 1989). This 430 

simplex structure is also evident in the original questionnaire concerned with behavioral 431 

regulation in exercise (Markland & Tobin, 2004; Wilson, Rodgers, Loitz, & Scime, 2006). 432 

Even though our results suggest high correlations between the three autonomous 433 



motivations, this is in line with the findings from the original BR-ACS by Burgueño et al. 434 

(2019) and with the Portuguese version of BR-ACS by Marques et al. (2022). Cronbach’s 435 

alpha and composite reliability values provided support for acceptable internal consistency. 436 

Even though AVE values fall below .50, convergent validity of the construct is still adequate 437 

since composite reliability is higher than .60 (Fornell & Larcker, 1981). Invariance analysis 438 

across sex/gender for the six-factor structure supports the use of the questionnaire to 439 

evaluate sex/gender differences in the behavioral regulations towards AT. This is in line with 440 

the original Spanish questionnaire (Burgueño et al., 2019). We conclude that the 441 

questionnaire applied in this study is appropriate to assess behavioral regulations towards 442 

AT in the sample of German speaking adolescent boys and girls. 443 

The examined sex/gender differences in behavioral regulation showed significantly higher 444 

levels of intrinsic motivation and significantly lower levels of amotivation in boys compared to 445 

girls. Additionally, boys reported significantly more trips for which they used an active mode 446 

of transport than girls. These results support the tenets within SDT that intrinsic motivation 447 

(or high quality motivation) is linked to the adoption and execution of the desired behavior 448 

whereas amotivation is rather detrimental (Ryan & Deci, 2017). To the best of our 449 

knowledge, no previous study has systematically examined sex/gender differences in the 450 

behavioral regulations towards the AT context. In the context of PA and exercise, some 451 

studies have investigated sex/gender differences (Gillison, Standage, & Skevington, 2006; 452 

Lauderdale, Yli-Piipari, Irwin, & Layne, 2015; Luque-Casado, Mayo, Lavín-Pérez, Jiménez, & 453 

Del Villar, 2021), however, evidence is rare. Similar to our results, a mixed-methods study 454 

based on SDT reported significantly lower levels of PA and autonomous forms of motivation 455 

in adolescent girls compared to boys (Luque-Casado et al., 2021). A study among British 456 

adolescents revealed that boys who reported significantly more leisure-time exercise than 457 

girls, also expressed more intrinsic goals for exercise participation while girls expressed 458 

more extrinsic goals (Gillison et al., 2006). In contrast, a study with college students found 459 

that, even though males reported more internal motives for PA engagement than females, 460 

PA levels were not significantly different between males and females (Lauderdale et al., 461 

2015). This study not only demonstrated sex/gender differences in the behavioral 462 

regulations, but also builds on the findings reported by Teixeira et al. (2012) that, depending 463 

on sex/gender, the individual regulations may cause different effects on the respecting 464 

behavior. In this sense, a study from Germany showed that different behavioral regulation 465 

profiles were associated with different PA levels: girls with a specific combination of intrinsic 466 

and external regulations had the highest moderate-to-vigorous PA levels in physical 467 

education (Bachner, Sturm, García-Massó, Molina-García, & Demetriou, 2020).  468 

Results from the regression analysis showed that intrinsic motivation had no significant 469 

association with AT in the total sample. Although somewhat contradictory to SDT, these 470 



findings might originate from the AT context. Specifically, traveling a distance to a certain 471 

location is mostly not performed for the pure interest and enjoyment of traveling nor does it 472 

offer other attributes inherent to intrinsic motivation (e.g., optimal challenge), yet merely to 473 

reach a destination. Thus, extrinsic forms of motivation are highly relevant and applicable to 474 

the AT context (e.g., only method of travel, because of health benefits). This issue was also 475 

considered by Burgueño et al. (2019) who found that integrated and identified regulation 476 

were more beneficial in promoting AT to/from school than intrinsic motivation. White et al. 477 

(2018) reported that 32% of students walk to school because they ‘have to’ as it is their only 478 

form of transport. These authors also found that approximately half of their sample reported 479 

experiencing negative affect, feeling forced into the action, and being bored in terms of AT. 480 

Such results are consistent with the notion that controlled (or poor quality) forms of 481 

motivation yield psychological costs. These issues withstanding, the non-significant 482 

relationship in the current work is surprising and should receive attention in further research. 483 

Looking at girls and boys separately, the association remains non-significant. This is an 484 

important finding that should be considered for intervention development: promoting intrinsic 485 

motivation for AT in adolescents might not result in a change of travel behavior. 486 

In contrast to intrinsic motivation, integrated regulation significantly increased the odds for AT 487 

in the total sample (15.8%), which is in line with SDT (Ryan & Deci, 2000). Burgueño et al. 488 

(2019) also reported strong positive associations between integrated regulation and AT 489 

behavior in adolescence. In our study, integrated regulation in girls showed the strongest 490 

positive relation with AT behavior (25.3%) but only a small and non-significant relationship in 491 

boys. This suggests that adolescent girls are more likely to travel actively when they consider 492 

themselves as ‘that type of person who travels actively’ because it fits their values and needs 493 

(integrated regulation). Thus, in contrast to boys, it seems important that girls internalize this 494 

activity as part of their own identity.  495 

Similar to integrated regulation, and again consistent with SDT, identified regulation 496 

significantly increased the odds for AT (20.3%) when analyzing the total sample. In the 497 

separate analyses for boys and girls, the increase in the odds for AT was significant only in 498 

boys (40.2%). Providing a meaningful rationale for AT could be a particularly effective 499 

strategy (see SDT behavior change techniques by Teixeira et al. (2020) for more strategies) 500 

to increase AT among boys because they are more likely to use an active mode of transport 501 

when they personally value its importance. However, based on our results, this strategy 502 

would have no effect on AT in girls. 503 

Introjected regulation showed no significant association in the whole sample or in either of 504 

the sex/gender subsamples. Considering the theoretic origin of the desire to avoid failure and 505 

the resulting wording of the items (see Supplementary 1) to capture introjected regulation, 506 



this result might also be attributed to AT in adolescence. As described above, traveling 507 

includes the non-optional component of ‘must arrive somewhere’. Additionally, adolescents 508 

seem to be mostly unaware, on how much PA is needed to achieve a healthy lifestyle (Lago-509 

Ballesteros, García-Pascual, González-Valeiro, & Fernández-Villarino, 2021). Thus, if one 510 

manages to reach a destination somehow, adolescents might not perceive choosing a 511 

passive mode of transport as ‘failure’ because one still has achieved to arrive at the desired 512 

destination. It should be considered that introjected regulation reached a low AVE value of 513 

.37, which is still acceptable with a composite reliability value over .50, however, this might 514 

have contributed to the null finding. 515 

External regulation showed no significant association with AT in the total sample. This was 516 

also found in boys. In girls, external regulation increased the odds for AT by 20.3%. These 517 

results suggest that adolescent girls are more likely to travel actively when they are 518 

influenced or feel pressured by other people (i.e., feeling forced to undertake the behavior). 519 

As they tend to evaluate negative interpersonal responses as more stressful than boys 520 

(Rudolph, 2002), the strong relationship of external regulation and AT behavior in order to 521 

please others or avoid conflicts, seems plausible. However, the positive relationship between 522 

external regulation and AT behavior is contradictory to SDT. Previous research has also 523 

reported a non-significant relationship of external regulation and AT to/from school, which is 524 

commensurate with our findings from the analysis of the total sample (Burgueño et al., 2019). 525 

Again, this emphasizes the importance of sex/gender-sensitive analysis.  526 

In accordance with SDT, amotivation showed the strongest negative association with AT 527 

behavior. This association was present in all three regression analyses (total sample: -528 

23.0%; boys:-18.8%; girls:-26.6%). From a theoretical perspective, the negative association 529 

of amotivation and AT behavior makes logical sense, as amotivation describes the absence 530 

of motivation (Ryan & Deci, 2017). Nevertheless, in previous research, such a relation was 531 

not observed (Burgueño et al., 2019). 532 

In summary, the results from the regression analyses emphasize the importance of 533 

sex/gender-sensitive analyses. Analyzing the associations of the single behavioral 534 

regulations only for the total sample, without differentiating between boys and girls, would 535 

have masked the fact that some behavioral regulations are beneficial or disadvantageous for 536 

girls but not for boys and vice versa. This suggests that the promotion of some behavioral 537 

regulations might not be equally effective among adolescent girls and boys. However, this is 538 

the first study to address this issue and the results provide initial indications that need to be 539 

further explored.  540 

Meanwhile, our findings have important implications for the development of interventions to 541 

promote AT among adolescents. First, interventions should incorporate a sex/gender-542 



sensitive development. Second, interventions concerning AT promotion among adolescent 543 

boys should aim to establish AT as a meaningful and important opportunity (identified 544 

regulation). Third, interventions designed for adolescent girls should mainly focus on 545 

integrating AT as an important part of their personality (integrated regulation). Lastly, external 546 

encouragement, especially from family and friends (external regulation), should be 547 

considered when designing interventions for girls. With these findings in mind, and in the 548 

context of SDT (Ryan & Deci, 2017), it would be interesting to examine whether external 549 

regulation yields poor quality experience and wellbeing outcomes in the AT context prior to 550 

promoting such contingencies via intervention.    551 

This study has several strengths worth mentioning. First, our study included a nationwide 552 

sample of adolescents in Germany, who are under-researched compared to younger 553 

populations and at a high risk regarding physical inactivity. Second, we aimed for a 554 

comprehensive analysis of travel behavior among adolescents and covered several 555 

important destinations e.g. friends/relatives or shopping destinations, rather than focusing 556 

only on the school setting. Third, when analyzing the behavioral regulations, we decided not 557 

to collapse single regulations into aggregated measures of controlled and autonomous 558 

motivation to allow rich interpretations with great opportunities for tailored interventions. 559 

Lastly, we used a questionnaire which was previously proven to be valid in the adolescent 560 

population (Burgueño et al., 2019). Because we translated and slightly adapted this 561 

questionnaire, we additionally examined the psychometric properties of this tool.  562 

Nevertheless, the study has limitations that need to be addressed. The present investigation 563 

is of cross-sectional design and, thus, does not allow conclusions about causation. Further, 564 

the purposeful sampling method prevents generalizability of the results. Along with this 565 

limitation, a further problem may arise from performing the validation in a single data set, an 566 

issue that which has been discussed previously as a limitation by work (Bujang et al., 2018) 567 

that our study followed as a guideline. In terms of the CFA, the sample size of 517 568 

participants might have compromised the results somewhat, because a ratio of at least 10 569 

cases per parameter is recommended (Kline, 2015). Nevertheless, the study’s sample size 570 

exceeds those of comparable studies in this field (e.g., Burgueño et al., 2019; Marques et al., 571 

2022). Further, the assessment of AT behavior was based on the usual mode of transport to 572 

the described destinations, which does not account for the frequency these ways were 573 

undertaken. Additionally, the assessments were based on self-reported data, which are 574 

prone to bias due to its subjective nature and the corresponding issues of social desirability 575 

and recall bias. The aspect of common-method variance should also be kept in mind. 576 

Another critical aspect concerns the data collection which took place during the COVID-19 577 

pandemic. We cannot estimate the extent to which the COVID-regulations might have 578 



impacted the usual choice of transportation mode, however, data collection was conducted in 579 

June 2021 when restrictions were low.  580 

Conclusion 581 

Sex/gender differences in AT behavior and behavioral regulations for AT reflected SDT 582 

assumptions that more autonomous forms of motivation support the adoption and execution 583 

of the respective behavior. However, when examining the relationships of the individual 584 

behavioral regulation types with AT in adolescents, results were brought to light that do not 585 

completely match the SDT. Presumably, the context of AT is responsible for these results. 586 

When designing interventions or assessing motivational constructs concerning AT promotion, 587 

further research should take these findings into account by acknowledging the purpose of AT 588 

to reach a destination. Further, the disparities found between adolescent boys and girls in the 589 

association of the individual behavioral regulations on AT are particularly noteworthy. These 590 

results emphasize the need to develop tailored interventions that address to the different 591 

needs of girls and boys. This could substantially contribute to developing effective and target 592 

group specific interventions to promote AT among adolescent boys and girls.  593 

Declaration of Competing Interest  594 

The authors declare that they have no competing interests. 595 

Author contributions 596 

Denise Renninger: Conceptualization; Methodology; Formal Analysis; Writing – original draft; 597 
Writing – review & editing; Anne Kelso: Methodology; Writing – review & editing; Anne K. 598 
Reimers:  Methodology; Writing – review & editing; Project administration; Isabel Marzi: 599 
Methodology; Writing – review & editing; Franziska Beck: Methodology; Writing – review & 600 

editing; Eliane S. Engels: Methodology; Writing – review & editing; Martyn Standage: 601 
Methodology; Writing – review & editing; Yolanda Demetriou: Conceptualization; 602 
Methodology; Writing – review & editing; Supervision; Project administration 603 

Acknowledgments  604 

The authors would like to express special thank for the insightful and constructive exchange 605 

on statistical data analysis with Stephan Haug.  606 

Funding 607 

This research did not receive any specific grant from funding agencies in the public, 608 

commercial, or not-for-profit sectors.   609 



References 610 

Aranda-Balboa, M. J., Huertas-Delgado, F. J., Herrador-Colmenero, M., Cardon, G., & Chillón, P. 611 
(2020). Parental barriers to active transport to school: a systematic review. International 612 
Journal of Public Health, 65(1), 87-98. https://doi.org/10.1007/s00038-019-01313-1 613 

Bachner, J., Sturm, D. J., García-Massó, X., Molina-García, J., & Demetriou, Y. (2020). Physical Activity-614 
Related Profiles of Female Sixth-Graders Regarding Motivational Psychosocial Variables: A 615 
Cluster Analysis Within the CReActivity Project. Frontiers in Psychology, 11(3151). 616 
https://doi.org/10.3389/fpsyg.2020.580563 617 

Blanz, M. (2021). Forschungsmethoden und Statistik für die Soziale Arbeit: Grundlagen und 618 
Anwendungen (2 ed.). Stuttgart: Kohlhammer Verlag. 619 

Bujang, M. A., Sa'at, N., Sidik, T. M. I. T. A. B., & Joo, L. C. (2018). Sample Size Guidelines for Logistic 620 
Regression from Observational Studies with Large Population: Emphasis on the Accuracy 621 
Between Statistics and Parameters Based on Real Life Clinical Data. The Malaysian journal of 622 
medical sciences : MJMS, 25(4), 122-130. https://doi.org/10.21315/mjms2018.25.4.12 623 

Bull, F. C., Al-Ansari, S. S., Biddle, S., Borodulin, K., Buman, M. P., Cardon, G., . . . Willumsen, J. F. 624 
(2020). World Health Organization 2020 guidelines on physical activity and sedentary 625 
behaviour. Br J Sports Med, 54(24), 1451-1462. https://doi.org/10.1136/bjsports-2020-626 
102955 627 

Burchartz, A., Oriwol, D., Kolb, S., Schmidt, S. C. E., Wunsch, K., Manz, K., . . . Woll, A. (2021). 628 
Comparison of self-reported & device-based, measured physical activity among children in 629 
Germany. BMC Public Health, 21(1), 1081. https://doi.org/10.1186/s12889-021-11114-y 630 

Burgueño, R., González-Cutre, D., Sevil-Serrano, J., Herrador-Colmenero, M., Segura-Díaz, J. M., 631 
Medina-Casaubón, J., & Chillón, P. (2019). Understanding the motivational processes 632 
involved in adolescents’ active commuting behaviour: Development and validation of the 633 
Behavioural Regulation in Active Commuting to and from School (BR-ACS) Questionnaire. 634 
Transportation Research Part F: Traffic Psychology and Behaviour, 62, 615-625. 635 
https://doi.org/10.1016/j.trf.2019.02.016 636 

Burgueño, R., González-Cutre, D., Sevil-Serrano, J., Herrador-Colmenero, M., Segura-Díaz, J. M., 637 
Medina-Casaubón, J., & Chillón, P. (2020). Validation of the Basic Psychological Need 638 
Satisfaction in Active Commuting to and from School (BPNS-ACS) Scale in Spanish young 639 
people. Journal of Transport & Health, 16, 100825. 640 
https://doi.org/10.1016/j.jth.2020.100825 641 

Carlin, A., Murphy, M. H., & Gallagher, A. M. (2016). Do Interventions to Increase Walking Work? A 642 
Systematic Review of Interventions in Children and Adolescents. Sports medicine (Auckland, 643 
N.Z.), 46(4), 515-530. https://doi.org/10.1007/s40279-015-0432-6 644 

Chen, F. F. (2007). Sensitivity of Goodness of Fit Indexes to Lack of Measurement Invariance. 645 
Structural Equation Modeling: A Multidisciplinary Journal, 14(3), 464-504. 646 
https://doi.org/10.1080/10705510701301834 647 

Corder, K., Winpenny, E., Love, R., Brown, H. E., White, M., & Sluijs, E. v. (2019). Change in physical 648 
activity from adolescence to early adulthood: a systematic review and meta-analysis of 649 
longitudinal cohort studies. British Journal of Sports Medicine, 53(8), 496. 650 
https://doi.org/10.1136/bjsports-2016-097330 651 

Costa, J., Adamakis, M., O'Brien, W., & Martins, J. (2020). A Scoping Review of Children and 652 
Adolescents' Active Travel in Ireland. International journal of environmental research and 653 
public health, 17(6), 2016. https://doi.org/10.3390/ijerph17062016 654 

Eggs, J., Follmer, R., Gruschwitz, D., Nobis, C., Bäumer, M., & Pfeiffer, M. (2018). Mobilität in 655 
Deutschland - MiD Methodenbericht. Studie vom infas, DLR, IVT und infas 360 im Auftrag des 656 
Bundesministers für Verkehr und digitale Infrastruktur. Bonn, Berlin: www.mobilität-in-657 
deutschland.de Retrieved from www.mobilität-in-deutschland.de 658 

Flake, J. K., Pek, J., & Hehman, E. (2017). Construct Validation in Social and Personality Research: 659 
Current Practice and Recommendations. Social Psychological and Personality Science, 8(4), 660 
370-378. https://doi.org/10.1177/1948550617693063 661 

https://doi.org/10.1007/s00038-019-01313-1
https://doi.org/10.3389/fpsyg.2020.580563
https://doi.org/10.21315/mjms2018.25.4.12
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1186/s12889-021-11114-y
https://doi.org/10.1016/j.trf.2019.02.016
https://doi.org/10.1016/j.jth.2020.100825
https://doi.org/10.1007/s40279-015-0432-6
https://doi.org/10.1080/10705510701301834
https://doi.org/10.1136/bjsports-2016-097330
https://doi.org/10.3390/ijerph17062016
file://///nas.ads.mwn.de/ga24rol/Dokumente/01%20ARRIVE%20forsa/00%20Paper/RQ%201.1%20motivation%20gender/review%203/www.mobilit
file://///nas.ads.mwn.de/ga24rol/Dokumente/01%20ARRIVE%20forsa/00%20Paper/RQ%201.1%20motivation%20gender/review%203/www.mobilit
https://doi.org/10.1177/1948550617693063


Fornell, C., & Larcker, D. F. (1981). Evaluating structural equation models with unobservable variables 662 
and measurement error. Journal of marketing research, 18(1), 39-50.  663 

Fox, J., & Weisberg, S. (2019). An R Companion to Applied Regression (Third ed.). Thousand Oaks, CA: 664 
sage. 665 

Gillison, F. B., Standage, M., & Skevington, S. (2006). Relationships among adolescents' weight 666 
perceptions, exercise goals, exercise motivation, quality of life and leisure-time exercise 667 
behaviour: a self-determination theory approach. Health Education Research, 21(6), 836-847. 668 
https://doi.org/10.1093/her/cyl139 669 

Guthold, R., Stevens, G. A., Riley, L. M., & Bull, F. C. (2020). Global trends in insufficient physical 670 
activity among adolescents: a pooled analysis of 298 population-based surveys with 1.6 671 
million participants. The Lancet Child & Adolescent Health, 4(1), 23-35. 672 
https://doi.org/10.1016/S2352-4642(19)30323-2 673 

Hair, J. F., Anderson, R. E., Babin, B. J., & Black, W. C. (2010). Multivariate data analysis: A global 674 
perspective (Vol. 7). Upper Saddle River: Pearson. 675 

Haug, E., Smith, O. R. F., Bucksch, J., Brindley, C., Pavelka, J., Hamrik, Z., . . . Sigmundová, D. (2021). 676 
12-Year Trends in Active School Transport across Four European Countries—Findings from 677 
the Health Behaviour in School-Aged Children (HBSC) Study. International journal of 678 
environmental research and public health, 18(4), 2118. 679 
https://doi.org/10.3390/ijerph18042118 680 

Henriques-Neto, D., Peralta, M., Garradas, S., Pelegrini, A., Pinto, A. A., Sánchez-Miguel, P. A., & 681 
Marques, A. (2020). Active Commuting and Physical Fitness: A Systematic Review. 682 
International journal of environmental research and public health, 17(8), 2721. 683 
https://doi.org/10.3390/ijerph17082721 684 

Howard, J. L., Gagné, M., Van den Broeck, A., Guay, F., Chatzisarantis, N., Ntoumanis, N., & Pelletier, 685 
L. G. (2020). A review and empirical comparison of motivation scoring methods: An 686 
application to self-determination theory. Motivation and Emotion, 44(4), 534-548. 687 
https://doi.org/10.1007/s11031-020-09831-9 688 

Hu, L. t., & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure analysis: 689 
Conventional criteria versus new alternatives. Structural Equation Modeling: A 690 
Multidisciplinary Journal, 6(1), 1-55. https://doi.org/10.1080/10705519909540118 691 

Janssen, I., & LeBlanc, A. G. (2010). Systematic review of the health benefits of physical activity and 692 
fitness in school-aged children and youth. International Journal of Behavioral Nutrition and 693 
Physical Activity, 7(1), 40. https://doi.org/10.1186/1479-5868-7-40 694 

Kek, C. C., García Bengoechea, E., Spence, J. C., & Mandic, S. (2019). The relationship between 695 
transport-to-school habits and physical activity in a sample of New Zealand adolescents. 696 
Journal of Sport and Health Science, 8(5), 463-470. 697 
https://doi.org/10.1016/j.jshs.2019.02.006 698 

Kelso, A., Linder, S., Reimers, A. K., Klug, S. J., Alesi, M., Scifo, L., . . . Demetriou, Y. (2020). Effects of 699 
school-based interventions on motivation towards physical activity in children and 700 
adolescents: A systematic review and meta-analysis. Psychology of Sport and Exercise, 51, 701 
101770. https://doi.org/10.1016/j.psychsport.2020.101770 702 

Kleszczewska, D., Mazur, J., Bucksch, J., Dzielska, A., Brindley, C., & Michalska, A. (2020). Active 703 
Transport to School May Reduce Psychosomatic Symptoms in School-Aged Children: Data 704 
from Nine Countries. International journal of environmental research and public health, 705 
17(23), 8709. https://doi.org/10.3390/ijerph17238709 706 

Kline, R. B. (2015). Principles and practice of structural equation modeling (4th ed.). New York: The 707 
Guilford Press. 708 

Lago-Ballesteros, J., García-Pascual, M., González-Valeiro, M. Á., & Fernández-Villarino, M. Á. (2021). 709 
Gender Influences on Physical Activity Awareness of Adolescents and Their Parents. 710 
International journal of environmental research and public health, 18(11), 5707. 711 
https://doi.org/10.3390/ijerph18115707 712 

Larouche, R. (2018). Last Child Walking?—Prevalence and Trends in Active Transportation. In R. 713 
Larouche (Ed.), Children's Active Transportation (pp. 53-75): Elsevier. 714 

https://doi.org/10.1093/her/cyl139
https://doi.org/10.1016/S2352-4642(19)30323-2
https://doi.org/10.3390/ijerph18042118
https://doi.org/10.3390/ijerph17082721
https://doi.org/10.1007/s11031-020-09831-9
https://doi.org/10.1080/10705519909540118
https://doi.org/10.1186/1479-5868-7-40
https://doi.org/10.1016/j.jshs.2019.02.006
https://doi.org/10.1016/j.psychsport.2020.101770
https://doi.org/10.3390/ijerph17238709
https://doi.org/10.3390/ijerph18115707


Larouche, R., & Ghekiere, A. (2018). An Ecological Model of Active Transportation. In R. Larouche 715 
(Ed.), Children's Active Transportation (pp. 93-103): Elsevier. 716 

Larouche, R., Saunders, T. J., Faulkner, G. E. J., Colley, R., & Tremblay, M. (2014). Associations 717 
Between Active School Transport and Physical Activity, Body Composition, and 718 
Cardiovascular Fitness: A Systematic Review of 68 Studies. Journal of Physical Activity and 719 
Health, 11(1), 206. https://doi.org/10.1123/jpah.2011-0345 720 

Lauderdale, M. E., Yli-Piipari, S., Irwin, C. C., & Layne, T. E. (2015). Gender Differences Regarding 721 
Motivation for Physical Activity Among College Students: A Self-Determination Approach. 722 
2015, 72(5). https://doi.org/10.18666/tpe-2015-v72-i5-4682 723 

Leslie, E., Kremer, P., Toumbourou, J. W., & Williams, J. W. (2010). Gender differences in personal, 724 
social and environmental influences on active travel to and from school for Australian 725 
adolescents. Journal of Science and Medicine in Sport, 13(6), 597-601. 726 
https://doi.org/10.1016/j.jsams.2010.04.004 727 

Luque-Casado, A., Mayo, X., Lavín-Pérez, A. M., Jiménez, A., & Del Villar, F. (2021). Understanding 728 
Behavioral Regulation Towards Physical Activity Participation: Do We Need a Paradigm Shift 729 
to Close the Gender Gap? Sustainability, 13(4), 1683. https://doi.org/10.3390/su13041683 730 

Markland, D., & Tobin, V. (2004). A Modification to the Behavioural Regulation in Exercise 731 
Questionnaire to Include an Assessment of Amotivation. Journal of Sport and Exercise 732 
Psychology, 26(2), 191-196. https://doi.org/10.1123/jsep.26.2.191 733 

Marques, A., Santos, T., Demetriou, Y., Schönbach, D. M. I., Peralta, M., Lagestad, P., . . . Gouveia, É. 734 
R. (2022). Adaptation of the Behavioural Regulation in Active Commuting to School (BR-ACS) 735 
Questionnaire in Portuguese Youth. Children, 9(2), 182. Retrieved from 736 
https://www.mdpi.com/2227-9067/9/2/182 737 

Marques, A., Santos, T., Gouveia, É. R., Demetriou, Y., Schönbach, D. M. I., Ferrari, G., . . . Peralta, M. 738 
(2021). Translation and Validation of the Basic Psychological Need Satisfaction in Active 739 
Commuting to and from School (BPNS-ACS) Scale in Young Portuguese Students. 740 
International journal of environmental research and public health, 18(24), 13091. 741 
https://doi.org/10.3390/ijerph182413091 742 

Marzi, I., Emmerling, S., Demetriou, Y., Bucksch, J., Schulze, C., Brindley, C., & Reimers, A. K. (2020). 743 
Interventions Aiming to Promote Active Commuting in Children and Adolescents: An 744 
Evaluation From a Sex/Gender Perspective. Frontiers in Sports and Active Living, 2(184). 745 
https://doi.org/10.3389/fspor.2020.590857 746 

Mikkelsen, B., Williams, J., Rakovac, I., Wickramasinghe, K., Hennis, A., Shin, H.-R., . . . Breda, J. 747 
(2019). Life course approach to prevention and control of non-communicable diseases. BMJ, 748 
364, l257. https://doi.org/10.1136/bmj.l257 749 

Milfont, T. L., & Fischer, R. (2010). Testing measurement invariance across groups: applications in 750 
cross-cultural research. International Journal of Psychological Research, 3(1), 111-130. 751 
https://doi.org/10.21500/20112084.857 752 

Ng, J. Y. Y., Ntoumanis, N., Thøgersen-Ntoumani, C., Deci, E. L., Ryan, R. M., Duda, J. L., & Williams, G. 753 
C. (2012). Self-Determination Theory Applied to Health Contexts: A Meta-Analysis. 754 
Perspectives on Psychological Science, 7(4), 325-340. 755 
https://doi.org/10.1177/1745691612447309 756 

Nobis, C., & Kuhnimhof, T. (2018). Mobilität in Deutschland – MiD Ergebnisbericht.  Studie von infas, 757 
DLR, IVT und infas 360 im Auftrag des Bundesministers für Verkehr und digitale Infrastruktur  758 
(FE-Nr. 70.904/15). Retrieved from Bonn, Berlin: www.mobilitaet-in-deutschland.de 759 

Ntoumanis, N., Ng, J. Y. Y., Prestwich, A., Quested, E., Hancox, J. E., Thøgersen-Ntoumani, C., . . . 760 
Williams, G. C. (2021). A meta-analysis of self-determination theory-informed intervention 761 
studies in the health domain: effects on motivation, health behavior, physical, and 762 
psychological health. Health Psychology Review, 15(2), 214-244. 763 
https://doi.org/10.1080/17437199.2020.1718529 764 

Owen, K. B., Smith, J., Lubans, D. R., Ng, J. Y. Y., & Lonsdale, C. (2014). Self-determined motivation 765 
and physical activity in children and adolescents: A systematic review and meta-analysis. 766 
Preventive Medicine, 67, 270-279. https://doi.org/10.1016/j.ypmed.2014.07.033 767 

https://doi.org/10.1123/jpah.2011-0345
https://doi.org/10.18666/tpe-2015-v72-i5-4682
https://doi.org/10.1016/j.jsams.2010.04.004
https://doi.org/10.3390/su13041683
https://doi.org/10.1123/jsep.26.2.191
https://www.mdpi.com/2227-9067/9/2/182
https://doi.org/10.3390/ijerph182413091
https://doi.org/10.3389/fspor.2020.590857
https://doi.org/10.1136/bmj.l257
https://doi.org/10.21500/20112084.857
https://doi.org/10.1177/1745691612447309
file://///nas.ads.mwn.de/ga24rol/Dokumente/01%20ARRIVE%20forsa/00%20Paper/RQ%201.1%20motivation%20gender/review%203/www.mobilitaet-in-deutschland.de
https://doi.org/10.1080/17437199.2020.1718529
https://doi.org/10.1016/j.ypmed.2014.07.033


Panter, J. R., Jones, A. P., & van Sluijs, E. M. (2008). Environmental determinants of active travel in 768 
youth: a review and framework for future research. The international journal of behavioral 769 
nutrition and physical activity, 5, 34. https://doi.org/10.1186/1479-5868-5-34 770 

Pavelka, J., Sigmundova, D., Hamrik, Z., Kalman, M., Sigmund, E., & Mathisen, F. (2017). Trends in 771 
Active Commuting to School among Czech Schoolchildren from 2006 to 2014. Central 772 
European Journal of Public Health, 25 Suppl 1, S21-s25. 773 
https://doi.org/10.21101/cejph.a5095 774 

Poitras, V. J., Gray, C. E., Borghese, M. M., Carson, V., Chaput, J.-P., Janssen, I., . . . Tremblay, M. S. 775 
(2016). Systematic review of the relationships between objectively measured physical 776 
activity and health indicators in school-aged children and youth. Applied Physiology, 777 
Nutrition, and Metabolism, 41(6 (Suppl. 3)), 197-239. https://doi.org/10.1139/apnm-2015-778 
0663 779 

R Core Team. (2020). R: A Language and Environment for Statistical Computing. Vienna, Austria. 780 
Retrieved from https://www.R-project.org/ 781 

Reimers, A. K., Marzi, I., Beck, F., Engels, E., Renninger, D., Buttazzoni, A., . . . Demetriou, Y. (2022). 782 
Active travel behaviour in the family environment: protocol for the mixed-methods cross-783 
sectional ARRIVE study. BMJ open, 12(2), e056383. https://doi.org/10.1136/bmjopen-2021-784 
056383 785 

Reimers, A. K., Marzi, I., Schmidt, S. C. E., Niessner, C., Oriwol, D., Worth, A., & Woll, A. (2020). Trends 786 
in active commuting to school from 2003 to 2017 among children and adolescents from 787 
Germany: the MoMo Study. European Journal of Public Health, 31(2), 373-378. 788 
https://doi.org/10.1093/eurpub/ckaa141 789 

Revelle, W. (2021). psych: Procedures for Psychological, Psychometric, and Personality Research. 790 
Retrieved from Evanston, Illinois: https://CRAN.R-project.org/package=psych 791 

Rudolph, K. D. (2002). Gender differences in emotional responses to interpersonal stress during 792 
adolescence. Journal of Adolescent Health, 30(4), 3-13. https://doi.org/10.1016/S1054-793 
139X(01)00383-4 794 

Ryan, R. M., & Connell, J. P. (1989). Perceived locus of causality and internalization: Examining 795 
reasons for acting in two domains. Journal of Personality and Social Psychology, 57(5), 749-796 
761. https://doi.org/10.1037/0022-3514.57.5.749 797 

Ryan, R. M., & Deci, E. L. (2000). Self-determination theory and the facilitation of intrinsic motivation, 798 
social development, and well-being. American Psychologist, 55(1), 68-78. 799 
https://doi.org/10.1037/0003-066X.55.1.68 800 

Ryan, R. M., & Deci, E. L. (2017). Self-determination theory: Basic psychological needs in motivation, 801 
development, and wellness: Guilford Publications. 802 

Schlund, A., Reimers, A. K., Bucksch, J., Brindley, C., Schulze, C., Puil, L., . . . Demetriou, Y. (2021). Do 803 
Intervention Studies to Promote Physical Activity and Reduce Sedentary Behavior in Children 804 
and Adolescents Take Sex/Gender Into Account? A Systematic Review. Journal of Physical 805 
Activity and Health, 18(4), 461-468. https://doi.org/10.1123/jpah.2020-0666 806 

Schoeppe, S., Duncan, M. J., Badland, H., Oliver, M., & Curtis, C. (2013). Associations of children's 807 
independent mobility and active travel with physical activity, sedentary behaviour and 808 
weight status: a systematic review. J Sci Med Sport, 16(4), 312-319. 809 
https://doi.org/10.1016/j.jsams.2012.11.001 810 

Schönbach, D. M. I., Altenburg, T. M., Marques, A., Chinapaw, M. J. M., & Demetriou, Y. (2020). 811 
Strategies and effects of school-based interventions to promote active school transportation 812 
by bicycle among children and adolescents: a systematic review. International Journal of 813 
Behavioral Nutrition and Physical Activity, 17(1), 138. https://doi.org/10.1186/s12966-020-814 
01035-1 815 

Schönbach, D. M. I., Brindley, C., Reimers, A. K., Marques, A., & Demetriou, Y. (2020). Socio-816 
Demographic Correlates of Cycling to School among 12-to 15-Year Olds in Southern 817 
Germany. International journal of environmental research and public health, 17(24), 9269. 818 
https://doi.org/10.3390/ijerph17249269 819 

https://doi.org/10.1186/1479-5868-5-34
https://doi.org/10.21101/cejph.a5095
https://doi.org/10.1139/apnm-2015-0663
https://doi.org/10.1139/apnm-2015-0663
https://www.r-project.org/
https://doi.org/10.1136/bmjopen-2021-056383
https://doi.org/10.1136/bmjopen-2021-056383
https://doi.org/10.1093/eurpub/ckaa141
https://cran.r-project.org/package=psych
https://doi.org/10.1016/S1054-139X(01)00383-4
https://doi.org/10.1016/S1054-139X(01)00383-4
https://doi.org/10.1037/0022-3514.57.5.749
https://doi.org/10.1037/0003-066X.55.1.68
https://doi.org/10.1123/jpah.2020-0666
https://doi.org/10.1016/j.jsams.2012.11.001
https://doi.org/10.1186/s12966-020-01035-1
https://doi.org/10.1186/s12966-020-01035-1
https://doi.org/10.3390/ijerph17249269


Schönbach, D. M. I., Vondung, C., Hidding, L. M., Altenburg, T. M., Chinapaw, M. J. M., & Demetriou, 820 
Y. (2020). Gender Influence on Students, Parents, and Teachers’ Perceptions of What 821 
Children and Adolescents in Germany Need to Cycle to School: A Concept Mapping Study. 822 
International journal of environmental research and public health, 17(18), 6872. 823 
https://doi.org/10.3390/ijerph17186872 824 

Segura-Diaz, J. M., Rojas-Jimenez, A., Barranco-Ruiz, Y., Murillo-Pardo, B., Saucedo-Araujo, R. G., 825 
Aranda-Balboa, M. J., . . . Chillon, P. (2020). Feasibility and Reliability of a Questionnaire to 826 
Assess the Mode, Frequency, Distance and Time of Commuting to and from School: The 827 
PACO Study. International journal of environmental research and public health, 17(14). 828 
https://doi.org/10.3390/ijerph17145039 829 

Sex/Gender Methods Group. Why sex and gender matter in health research synthesis. Retrieved 830 
from http://methods.cochrane.org/equity/sex-andgender-analysis 831 

Smith, M., Ikeda, E., Duncan, S., Maddison, R., Hinckson, E., Meredith-Jones, K., . . . Mandic, S. (2019). 832 
Trends and measurement issues for active transportation in New Zealand's physical activity 833 
report cards for children and youth. Journal of Transport & Health, 15, 789-789. 834 
https://doi.org/10.1016/j.jth.2019.100789 835 

Springer, K. W., Mager Stellman, J., & Jordan-Young, R. M. (2012). Beyond a catalogue of differences: 836 
A theoretical frame and good practice guidelines for researching sex/gender in human 837 
health. Social Science & Medicine, 74(11), 1817-1824. 838 
https://doi.org/10.1016/j.socscimed.2011.05.033 839 

Steene-Johannessen, J., Hansen, B. H., Dalene, K. E., Kolle, E., Northstone, K., Møller, N. C., . . . 840 
Consortium, H. (2020). Variations in accelerometry measured physical activity and sedentary 841 
time across Europe – harmonized analyses of 47,497 children and adolescents. International 842 
Journal of Behavioral Nutrition and Physical Activity, 17(1), 38. 843 
https://doi.org/10.1186/s12966-020-00930-x 844 

Szumilas, M. (2010). Explaining odds ratios. Journal of the Canadian Academy of Child and Adolescent 845 
Psychiatry, 19(3), 227-229.  846 

Teixeira, P. J., Carraça, E. V., Markland, D., Silva, M. N., & Ryan, R. M. (2012). Exercise, physical 847 
activity, and self-determination theory: A systematic review. International Journal of 848 
Behavioral Nutrition and Physical Activity, 9(1), 78. https://doi.org/10.1186/1479-5868-9-78 849 

Teixeira, P. J., Marques, M. M., Silva, M. N., Brunet, J., Duda, J. L., Haerens, L., . . . Hagger, M. S. 850 
(2020). A classification of motivation and behavior change techniques used in self-851 
determination theory-based interventions in health contexts. Motivation Science, 6(4), 438-852 
455. https://doi.org/10.1037/mot0000172 853 

Telama, R., Yang, X., Leskinen, E., KankaanpÄÄ, A., Hirvensalo, M., Tammelin, T., . . . Raitakari, O. T. 854 
(2014). Tracking of Physical Activity from Early Childhood through Youth into Adulthood. 855 
Medicine & Science in Sports & Exercise, 46(5). 856 
https://doi.org/10.1249/MSS.0000000000000181 857 

Vasconcellos, D., Parker, P. D., Hilland, T., Cinelli, R., Owen, K. B., Kapsal, N., . . . Lonsdale, C. (2020). 858 
Self-determination theory applied to physical education: A systematic review and meta-859 
analysis. Journal of Educational Psychology, 112(7), 1444-1469. 860 
https://doi.org/10.1037/edu0000420 861 

White, R. L., Parker, P. D., Lubans, D. R., MacMillan, F., Olson, R., Astell-Burt, T., & Lonsdale, C. (2018). 862 
Domain-specific physical activity and affective wellbeing among adolescents: an 863 
observational study of the moderating roles of autonomous and controlled motivation. 864 
International Journal of Behavioral Nutrition and Physical Activity, 15(1), 87. 865 
https://doi.org/10.1186/s12966-018-0722-0 866 

WHO. (2020). WHO guidelines on physical activity and sedentary behaviour. Retrieved from Genva: 867 
https://www.who.int/publications/i/item/9789240015128 868 

Wilson, P. M., Rodgers, W. M., Loitz, C. C., & Scime, G. (2006). “It's Who I Am … Really!’ The 869 
Importance of Integrated Regulation in Exercise Contexts1. Journal of Applied Biobehavioral 870 
Research, 11(2), 79-104. https://doi.org/10.1111/j.1751-9861.2006.tb00021.x 871 

https://doi.org/10.3390/ijerph17186872
https://doi.org/10.3390/ijerph17145039
http://methods.cochrane.org/equity/sex-andgender-analysis
https://doi.org/10.1016/j.jth.2019.100789
https://doi.org/10.1016/j.socscimed.2011.05.033
https://doi.org/10.1186/s12966-020-00930-x
https://doi.org/10.1186/1479-5868-9-78
https://doi.org/10.1037/mot0000172
https://doi.org/10.1249/MSS.0000000000000181
https://doi.org/10.1037/edu0000420
https://doi.org/10.1186/s12966-018-0722-0
https://www.who.int/publications/i/item/9789240015128
https://doi.org/10.1111/j.1751-9861.2006.tb00021.x


 872 


