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Abstract

:

A questionnaire on explanatory variables for each behavior of the 24-h movement behaviors (i.e., physical activity, sedentary behavior, sleep) was developed based on three levels of the socio-ecological model, i.e., the intrapersonal level, interpersonal level and the physical environmental level. Within these levels, different constructs were questioned, i.e., autonomous motivation, attitude, facilitators, internal behavioral control, self-efficacy, barriers, subjective norm, social modeling, social support, home environment, neighborhood, and work environment. The questionnaire was tested for test–retest reliability (i.e., intraclass correlation (ICC)) for each item and internal consistency for each construct (i.e., Cronbach’s Alpha Coefficient) among a group of 35 healthy adults with a mean age of 42.9 (±16.1) years. The total questionnaire contained 266 items, consisting of 14 items on general information, 70 items on physical activity, 102 items on sedentary behavior, 45 items on sleep and 35 items on the physical environment. Seventy-one percent of the explanatory items showed moderate to excellent reliability (ICC between 0.50 and 0.90) and a majority of constructs had a good homogeneity among items (Cronbach’s Alpha Coefficient ≥ 0.70). This newly developed and comprehensive questionnaire might be used as a tool to understand adults’ 24-h movement behaviors.
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1. Introduction


Healthy lifestyle behaviors (e.g., being physically active, interrupting sitting periods, optimal sleep pattern) have proven beneficial health effects in the prevention of numerous medical conditions such as diabetes, obesity, and cardiovascular diseases [1,2,3,4]. For a long time, these beneficial health effects have been investigated in health promotion research by focusing on one lifestyle behavior in isolation, e.g., moderate to vigorous physical activity (MVPA) [4,5]. However, a shift in research emphasizes the importance of considering all movement behaviors throughout a day, including PA, SB and sleep, as they are interconnected and mutually exclusive parts of a 24-h day [6]. This 24-h movement behavior paradigm recognizes that any change in time in one behavior inevitably leads to a change in time in one of the other behaviors [6,7,8]. While PA and SB are represented by their duration, achieving an optimal sleep pattern involves more than just duration, such as sleep timing and consistency [9].



Research on this 24-h movement behavior paradigm is rapidly expanding. A systematic review by Janssen and colleagues (2020) revealed associations between less optimal 24-h movement behavior compositions (i.e., high SB levels, low PA levels, non-optimal sleep duration) and all-cause mortality, cardiometabolic risk factors and adiposity among a general adult population [8]. Additionally, studies exploring associations between 24-h compositions and cardiometabolic health among healthy and clinical populations (e.g., diabetes) showed beneficial health effects when replacing small amounts of time (e.g., 10 min) from SB into more PA while preserving sleep duration. [10,11].



Therefore, a behavior change intervention to promote optimal 24-h movement behavior compositions holds great potential to improve health of general as well as clinical populations [7,8]. In order to obtain effective behavior change, it is fundamental to investigate all factors that determine and explain these behaviors (e.g., self-efficacy, attitude) [12]. An accurate assessment of these factors, also known as explanatory variables, allows for the development of tailored interventions targeting 24-h movement behaviors [12,13]. Questionnaires on explanatory variables of lifestyle behaviors in isolation already exist (e.g., Determinants of Physical Activity Questionnaire (DPAQ), the Sedentary Behavior Change Questionnaire). Until now, there has been no questionnaire conceptualized from a 24-h movement behavior perspective, including comparable explanatory variables for PA, SB, and complying with an optimal sleeping pattern [12,14,15]. Moreover, these existing questionnaires often lack reliability and do not incorporate a theoretical behavior change framework (e.g., Theory of Planned Behavior (TPB), Self-Determination Theory (SDT)) [14]. The main advantage of incorporating a theoretical framework is the potential to use this framework as an explorative as well as an evaluative tool for the development of health promotion interventions [16,17,18,19]. Additionally, incorporating a behavioral change framework might be more effective in promoting behavior change compared to approaches lacking a theoretical foundation [16].



Theoretical frameworks that have been used in behavior change interventions to promote PA, SB and/or sleep are mainly focused on psychological factors centered within the person (e.g., attitude, self-efficacy) [20,21,22,23]. Nevertheless, intrapersonal characteristics of behavior include only one level, whereas a socio-ecological model broadens this perspective to a multilevel analysis of behavior, including physical and socio-cultural surroundings [24,25]. An example of such a multilevel analysis model of behavior is the socio-ecological model of Bronfenbrenner (1977), consisting of four levels [26]. The intrapersonal level includes demographic characteristics as well as other personal psychological factors such as beliefs, barriers, attitudes [26]. The interpersonal level collects information on the social environment such as support of family and friends [26]. The physical environmental level explores the perceived physical environment of a person [26]. The fourth level is the policy level, which includes all laws and rules on a certain behavior [26]. Additionally, Sallis and colleagues (2006) added an extra dimension of different active living domains in which it is possible to be physically active, i.e., household, leisure time, transport and work [25]. Furthermore, existing research identified associations between socio-ecological levels and lifestyle behaviors. Therefore, combining personal and environmental characteristics might be key to gain a broader perspective of explanatory variables of adults’ 24-h movement behaviors [27,28,29].



In summary, literature dealing with the 24-h movement behavior paradigm is rapidly growing and promotes the interrelatedness between daily behaviors which brings new challenges for health promotion research. Therefore, it is valuable to develop a questionnaire to assess the underlying characteristics of the overall 24-h day focusing on PA, SB and complying with and optimal sleeping pattern. The aim of this study was to investigate the test–retest reliability and internal consistency of a newly developed questionnaire on explanatory variables of 24-h movement behaviors among adults, based on a socio-ecological model.




2. Materials and Methods


2.1. Participants


A sample size of 40 adults with a minimum age of 18 years old was recruited in Flanders, Belgium [30,31,32]. The sample size was calculated for test–retest reliability to detect at least an intraclass correlation coefficient (ICC) of 0.5 (cut-off for moderate reliability) and Cronbach’s Alpha Coefficient (α) of 0.7 (cut-off for sufficient homogeneity) [30,31,32]. A minimum of 30 participants for ICC and a minimum of 24 participants for Cronbach’s Alpha Coefficient was recommended: (1) ICC: observations = 2, R0 = 0, min. ICC = 0.5, power = 90%, alpha = 0.05; (2) Cronbach’s Alpha Coefficient: max. items/construct = 20, R0 = 0, min. α =0.7, power = 90%, alpha = 0.05. Due to the comprehensiveness of the questionnaire, a drop-out rate of 25 percent was included, which created a total sample size of 40 adults [30,31,32]. Participants were included when meeting the following criteria: (1) minimum age of 18 years; (2) working for at least 50 percent; (3) not having physical (e.g., amputations, paralysis)/cognitive (e.g., dementia)/medical (e.g., heart failure, chronical obstructive pulmonary diseases) conditions that affect daily functioning. By including participants working for at least 50 percent, the working adult population is covered and full-time students and retired adults were automatically excluded.



Participants were recruited by using convenience sampling within the researchers’ network. The study was approved by the Ethics Committee of Ghent University (BC-08622). Prior to the start of the study, informed consent was obtained, which was explained to and signed by all participants.




2.2. Questionnaire Development


The questionnaire was developed based on the socio-ecological model of Bronfenbrenner (1977) and the active living domains of Sallis et al. (2006) [25,26]. For each 24-h movement behavior, factors within three out of the four levels of the socio-ecological model were assessed, i.e., the intrapersonal, interpersonal and physical environmental level [33]. Questions on PA contained both questions on light PA (LPA) and MVPA. Questions on SB took into account periods of long and uninterrupted SB as well as breaks in SB. Sleep was questioned as the compliance with an optimal sleeping pattern which was defined as a sleep duration ranging from 7 to 9 h and consistent wake-up and go to bed times [7]. Within each of these behaviors, different constructs were questioned, e.g., attitude, social modeling. Items within these constructs were evaluated on a 5-point Likert scale (i.e., (1) strongly disagree–strongly agree, (2) never–always, or (3) less time–a lot of time), except for two constructs—attitude and electronic devices at home. Answers on the attitude construct scale were formulated on a slider Visual Analog Scale (0–100) with five different options: annoying–nice; frustrating–satisfying; unhealthy–healthy; unimportant–important; difficult–easy. The number of electronic devices at home was quantified. Figure 1 provides an overview of the different levels of the socio-ecological model accompanied with an example of an item from the questionnaire.




2.3. Intrapersonal Level


The following sociodemographic variables were examined as part of the intrapersonal level: age, sex, family situation, children, neighborhood, country of birth, native language, educational level, educational level partner, profession, profession partner, net family income per month, smoking, and medication intake [34]. The combination of the net family income per month, educational level (yourself and partner) and profession (yourself and partner) provide an estimation of the socio-economic status of the participant. Other explanatory variables within the intrapersonal level are based on the integrated behavioral change (IBC) model [35]. The IBC model combines psychological factors from different behavior change theories including the TPB, SDT, Dual System Theory, and Social Cognitive Theory (SCT)) [35]. This resulted in the following psychological constructs being included in the questionnaire: autonomous motivation (Theory: SDT), attitude (Theory: TPB, SCT), internal behavioral control such as habits, routines (Theory: Dual System Theory), self-efficacy/perceived behavioral control (Theory: SCT, TPB, SDT) and external behavioral control such as barriers and facilitators (Theory: Dual System Theory) [35].



2.3.1. Interpersonal Level


The interpersonal level represents the social environment and contains three constructs, i.e., subjective norm (Theory: TPB), social modeling (Theory: SCT) and social support (Theory: SDT) [25,26].




2.3.2. Physical Environmental Level


The physical environmental factors reflect participants’ perceived environment and are structured within four constructs: the sleep environment within the home environment, electronic devices within the home environment, the neighborhood and the work environment [25,26].





2.4. Procedure


This questionnaire was built in REDCap, which is a secure, web-based software platform for data collection and management developed by Vanderbilt University (Nashville, TN, USA) [36]. This electronic data capture tool is hosted by the Health Innovation and Research Institute of Ghent University Hospital [36]. A digital version of the questionnaire was completed online by the participants. All questionnaires were completed in Dutch. The participants had to fill in the questionnaire twice, once at baseline (Timepoint T1; test) and once 14 days later (Timepoint T2; retest), which is a recommended time frame to assess test–retest reliability [37,38]. Two days prior to T2, a reminder was sent to fill in the questionnaire for the second time on the 14th day.




2.5. Statistical Analyses


All sample characteristics were categorical variables which are expressed as a percentage of the total sample size, except age and the time interval between T1 and T2, which is expressed as a mean with standard deviation. The test–retest reliability was examined calculating the ICC and the respective 95% confidence intervals. The ICC and their 95% confidence intervals were calculated based on a single measurement, absolute agreement, and two-way mixed effects [39]. An ICC higher than 0.90 represented excellent reliability, an ICC between 0.75 and 0.90 represented a good reliability, an ICC between 0.50 and 0.75 represented a moderate reliability, and an ICC lower than 0.5 represented a poor reliability [39]. The internal consistency between items within constructs was assessed by using the Cronbach’s Alpha Coefficient. A Cronbach’s Alpha Coefficient higher than 0.70 indicated sufficient homogeneity among items [40]. If the Cronbach’s Alpha Coefficient of a construct was below 0.70, the homogeneity among items was considered insufficient. Consequently, an evaluation of deleting specific items within the construct was done to check the homogeneity again [40]. If the homogeneity could not be improved, it was recommended to interpret every item separately with exclusion of items identified as poor reliable. All statistical tests were calculated using SPSS statistical package version 27 [41].





3. Results


3.1. Sample Characteristics


Table 1 gives an overview of the sample characteristics. Of the 40 participants who consented to participate, everyone completed the questionnaire at T1 and a total of 35 participants filled in the questionnaire at both time points. The reason for drop out was lack of time to fill in the questionnaire at T2. The 35 included participants had a mean age of 42.94 years (±16.07), and 60 percent were women. All participants were native Dutch speakers. The socio-economic status of the participants was high, as most participants had a high educational level (diploma higher then secondary school), a net family income of >2000 EUR/month, and were employed. The average time interval between T1 and T2 was 15.82 days (±2.00). The average response time to fill in the online questionnaire was subjectively reported as ranging from 30 min to 50 min.




3.2. Test–Retest Reliability


The total questionnaire contains 266 items, consisting of 14 items on general information, 70 items on physical activity, 102 items on sedentary behavior, 45 items on sleep and 35 items on the physical environment. Table 2 provides a detailed description of the ICC-range per construct in the questionnaire. Table S1 in the Supplementary Material provides the test–retest reliability of each questionnaire item separately, i.e., ICC, lower bound and upper bound (see Supplementary Material Table S1).



All the sociodemographic items showed good to excellent reliability, i.e., 14 items (100.00%). Of the 70 items regarding PA, 40 items (57.14%) showed a moderate to good test–retest reliability, and 30 items (42.86%) showed poor reliability. Within the intrapersonal level, the number of items with moderate to good reliability were one item within the autonomous motivation construct (50.00%), three items within the attitude construct (30.00%), three items within the facilitators construct (21.43%), one item within the internal behavioral control construct (50.00%), eight items within the self-efficacy construct (80.00%), and 11 items within the barriers construct (68.75%). Within the interpersonal level, all three constructs showed a moderate to good reliability for most of their items, i.e., subjective norm (four items, 80.00%), social modeling (five items, 100.00%), social support (four items, 66.66%).



Out of the 102 items regarding SB, 71 (69.61%) items had a good to excellent test–retest reliability and 31 items (30.39%) showed poor reliability. Within the intrapersonal level, the number of items with moderate to good reliability were one item within the autonomous motivation construct (50.00%), three items within the construct on attitude regarding a long sitting period (60.00%), two items within the attitude regarding interrupting sitting construct (40.00%), seven items within the facilitators construct (87.50%), three items within the internal behavioral control construct (60.00%), nine items within the self-efficacy construct (52.94%), and nine items within barriers construct (56.25%). In addition, each of these overall constructs was divided into subconstructs based on the active living domains. See Table 2 for the reliability levels of each of these subconstructs.



Within the interpersonal level, all three constructs showed a moderate to good reliability for a majority of items, i.e., subjective norm (eight items, 66.67%), social modeling (18 items, 90.00%), social support (11 items, 91.67%). Again, each of these overall constructs was divided into subconstructs based on the active living domains. See Table 2 for the ICC and internal consistency of these subconstructs.



Of the forty-five items on sleep, 30 items (66.67%) were classified as moderate to good reliable and 15 items (33.33%) as poor reliable. Within the intrapersonal level, the items with moderate to good reliability corresponded to five items within the attitude construct (50.00%), three items within the facilitators construct (50.00%), two items within the internal behavioral control construct (100.00%), four items within the self-efficacy construct (66.67%), and 10 items within barriers construct (83.33%). All items within autonomous motivation had a poor reliability (100.00%). Within the interpersonal level, all three constructs showed a moderate to good reliability for most of their items, i.e., subjective norm (two items, 100.00%), social modeling (three items, 100.00%), and social support (one item, 50.00%).



Last, the physical environmental level contains four constructs. All items within the electronic devices within the home environment showed a moderate to good reliability (10 items, 100.00%). The sleep environment within the home environment contained six items with a moderate to good reliability (85.71%). The construct neighborhood consisted of 12 items with a moderate to excellent reliability (92.31%) and one item with a poor reliability (7.69%). Finally, all work environment items (five items, 100.00%) showed good to excellent reliability.




3.3. Internal Consistency


Table 2 represents all Cronbach’s Alpha Coefficients per construct. All PA constructs, except for autonomous motivation (α = 0.585), social modeling (α = 0.561) and social support (α = 0.623), showed sufficient homogeneity among items (α > 0.700). All SB constructs, except for attitude regarding long sitting periods (α = 0.695), internal behavioral control (α = 0.389), self-efficacy regarding sitting during household tasks (α = 0.533), subjective norm regarding passive transport (α = 0.638), and social support regarding sitting during household tasks (α = 0.645), demonstrated a sufficient homogeneity among items (α > 0.700). Additionally, all sleep constructs, except for social support (α = 0.687), resulted in a sufficient homogeneity among items (α > 0.700). Last, the neighborhood construct and the work environment construct showed a sufficient homogeneity among items (α > 0.700). The sleep environment and electronic devices within the home environment resulted in low Cronbach’s Alpha Coefficients (α = 0.526, α = 0.664). No improvement in homogeneity among items was achieved by deleting items within any of the above-mentioned constructs.





4. Discussion


The main aim of this study was to assess the test–retest reliability and the internal consistency of a questionnaire on explanatory variables of 24-h movement behaviors among adults. Overall, this study showed a moderate to excellent test–retest reliability for items belonging to different constructs and a good internal consistency among these constructs.



Seventy-one percent of all explanatory items showed a moderate to excellent reliability (188 out of 266 items). However, 29 percent of the items had a poor reliability. This could possibly be explained by biases linked with test–retest reliability research, i.e., “recall bias” and the “question behavior effect”. Recall bias, also known as response bias, refers to various conditions that lead to participants inaccurately responding to questions [38]. To overcome this bias, the time period of test–retest reliability studies should be optimal [37,38]. When this time period is too short, the respondents will remember their answers to questions [37,38]. When the period is too long, participants’ behavior may have changed over time. However, the time interval in this study, i.e., 14 days, is generally considered to be adequate [37,38]. Additionally, it is possible that participants focus more on their lifestyle behaviors within a period of 14 days, as they are more aware of these behaviors as a result of filling in the questionnaire. This awareness might induce subsequent behavior change, which is called the “question behavior effect” [42,43]. This can potentially explain the poor reliability scores, as participants think about their lifestyle behaviors and change their minds and feelings after filling in the questionnaire for the first time [42,43]. Moreover, a meta-analysis by Wilding et al. (2016) showed stronger “Question Behavior Effects” for the promotion of protective behaviors than for reducing risk behaviors [42]. This could be a possible explanation why questions regarding PA showed a higher number of low-reliability items compared to questions regarding SB or sleep. Questions on PA can be interpreted as promoting protective behavior (i.e., promotion of being active), whereas questions on SB or sleep can be interpreted as reducing risky behavior (i.e., reducing inactive behavior, reducing inconsistency in sleeping patterns).



Almost all explanatory constructs showed a good homogeneity. This means that items related to a specific construct can be combined and summed up in a single construct score. For some constructs, an insufficient Cronbach’s Alpha Coefficient was found, which indicates that caution should be taken when combining the items into one overall construct (i.e., autonomous motivation regarding PA, social modeling regarding PA, social support regarding PA, attitude regarding long sitting periods, internal behavioral control regarding sedentary behavior, self-efficacy regarding sitting time during household tasks, social support regarding limiting sedentary time during household tasks, social support regarding sleep, electronic devices and sleep environment in the home environment). A possible solution for dealing with these lower homogeneity scores is to delete specific items within each construct to create a better homogeneity among items [40]. However, deleting items within constructs did not improve the homogeneity scores, so none of the items were deleted. Another possibility is to combine subconstructs within the overall construct. For example, self-efficacy regarding limiting SB has different subconstructs for each active living domain, i.e., work, household, leisure time, and transport. When combining all items into the overarching “self-efficacy regarding limiting SB construct” there is sufficient homogeneity between items. Nevertheless, this will create a loss in detailed information on active living domains [40]. In order to not lose this information, every question can be interpreted separately, except for the items with poor reliability, which should not be used. For example, the “internal behavior control” construct regarding SB had a low homogeneity among items (α = 0.398). Deleting items within this construct did not improve the homogeneity of the construct. Therefore, it is recommended to not combine the items in an overall “internal behavior control” construct regarding SB, but to only use the items with moderate, good or excellent reliability as separate indicators of “internal behavior control”. It is suggested to do further research on constructs where the majority of items had a poor reliability. A recommendation could be to set up focus groups to test if these items and constructs are understandable and correctly interpreted by the target group.



One might question whether it is necessary to develop another questionnaire, since some questionnaires already exist that assess explanatory variables of lifestyle behaviors in isolation [12,15]. There are questionnaires to measure the explanatory variables of PA and SB, such as the DPAQ, and the Sedentary Behavior Change Questionnaire [12,15]. The DPAQ is a questionnaire with a good discriminant validity, test–retest reliability and a reasonable to good internal consistency for most determinant areas [12]. This questionnaire is based on the theoretical domains framework (TDF) which is a practical guide to identifying determinants to explain current behaviors [12,44,45]. Nevertheless, this theoretical framework is a pragmatic framework and does not rely upon a behavior change theory where the relation between determinant constructs and behavior intention is lacking [12,46]. However, using behavior change techniques out of the TDF as mediators to translate the behavior change theory into practice seems promising for promoting motivation for behavior change [23,47]. The Sedentary Behavior Change Questionnaire is a questionnaire (2019) based on the constructs of the SCT (i.e., self-efficacy, outcome expectations, goals setting, planning, and barriers) [15]. Moreover, this questionnaire is not optimally transferrable among other groups, as it was developed within a group of adults with multiple sclerosis [15]. This questionnaire reported some preliminary support for structural validity and internal consistency [15]. Additionally, there are different questionnaires on explanatory variables of sleep such as the Sleep Practices and Attitudes Questionnaire, or the Dysfunctional Beliefs and Attitudes about Sleep Scale (specific for insomnia), and the Sleep Beliefs Scale [48,49,50]. Most of these questionnaires investigate explanatory variables, which often lacks the link with a behavior change theory [48,49,50]. Moreover, none of these questionnaires addressed multiple behaviors such as 24-h movement behaviors, whereas this newly developed questionnaire does.



As the evidence on 24-h movement behavior paradigm is rapidly expanding, new challenges exist regarding the inclusion of this paradigm into health promotion research. Therefore, the main strength of this study is that this is the first questionnaire assessing the explanatory variables of all behaviors from the perspective of an entire day based on a theoretical framework, i.e., the socio-ecological model in combination of the IBC model embedded within the intrapersonal level. The IBC model is a behavior change model that integrates different psychological constructs from different behavior change theories, i.e., TPB, SCT, Dual System theory, and SDT [35]. The strength of using this theoretical framework is the ability to focus on the most important key constructs for behavior change [35]. Moreover, it showed a good fit with predicting PA behavior within a group of adults and older adults [20]. The key constructs of the TPB, SCT, SDT were mostly positively correlated with behavior intention [22,23,47]. However, in these behavior change theories, the behavior change intentions were often not sufficient to prompt effective changes, which can be explained by the weak links between key constructs or a disrupted link between intention and behavior change, also known as the intention behavior gap [35,51,52]. To bridge this gap, the IBC model integrated some constructs from the previously mentioned behavior change theories (TPB, SDT, SCT) with constructs of the Dual System theory (motivational phase, volitional phase) [20,35,52]. Additionally, as this newly developed questionnaire is a comprehensive assessment of different explanatory variables for all 24-h movement behaviors, it is possible to select a specific behavior of interest in combination with the construct of interest (e.g., self-efficacy regarding PA). However, it remains recommended to use the questionnaire in its entirety, as it provides the most valuable insights into behaviors across a total day. Additionally, this questionnaire has its fundaments in a behavior change theory that can lay the foundation for personalizing interventions in the future [53].



This study also has some limitations. First, this study used a convenience sampling method within the researchers’ network. Moreover, one of the inclusion criteria was formulated as working for at least 50 percent, because behaviors at work were addressed by questions in this questionnaire. This might not be representative for lower SES groups. Further studies are required to test this questionnaire within a group with lower SES. Second, this questionnaire was developed in Dutch and conducted in Flanders (Belgium). There is an English translation of questions available in the Supplementary Materials; however, this English translation has not been tested. Third, this study was conducted within a general healthy adult population. Although, it is possible to add and test disease-specific items to each construct. For example, a question addressing barriers to performing PA among participants with diabetes may take a form such as “controlling my glucose level is a barrier to performing physical activity”. Last, this questionnaire included some poor-reliability questions as well as constructs with low homogeneity among items. It is recommended to use these questions and constructs with caution. Supplementary File provides a detailed description of each question with the corresponding ICC, and the lower and upper bound. This creates the opportunity to use questions or constructs independently of the total questionnaire, as well as to adjust or further develop poor reliable questions and constructs. An additional recommendation for future research is to combine the assessment of this questionnaire with an objective assessment of 24-h movement behaviors (e.g., using an accelerometer). By collecting adults’ 24-h movement behaviors, these behaviors can be associated with the explanatory variables to provide a detailed assessment of lifestyle behaviors and to provide direction for the development of tailored interventions. Combining both objective and subjective assessment methods will provide the most complete information as both methods measure different aspects of behaviors (i.e., objectively measured behaviors, context, and explanatory variables).




5. Conclusions


This newly developed questionnaire on explanatory variables for 24-h movement behavior showed a moderate to excellent test–retest reliability for a majority of items and a good homogeneity among items for a majority of constructs. This comprehensive questionnaire, which collects a broad range of explanatory variables of all behaviors performed in a 24-h day, might be a valuable tool for future research to improve the understanding of adults’ 24-h movement behaviors. Hence, constructs with poor-reliability questions should be interpreted with caution, and it is recommended that, for constructs with an insufficient homogeneity among items, the items should be interpreted separately. Further research is recommended to fine tune poor-reliability questions or insufficiently homogenous constructs, as well as to adapt and test this questionnaire for use in clinical populations.








Supplementary Materials


The following supporting information can be downloaded at https://www.mdpi.com/article/10.3390/ijerph20054407/s1, Table S1: Test–retest reliability of each questionnaire item separately.





Author Contributions


Conceptualization, I.W., V.V. and M.D.C.; methodology, I.W.; formal analysis, I.W.; writing—original draft preparation, I.W.; writing—review and editing, I.W., V.V., P.C., B.L. and M.D.C.; visualization, I.W.; supervision, M.D.C. All authors have read and agreed to the published version of the manuscript.




Funding


Iris Willems was funded by Research Foundation Flanders (Fonds voor Wetenschappelijk Onderzoek), grant number 11N0422N.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the Ethics Committee of Ghent University Hospital (protocol code BC-08622 and date of approval 2 December 2020).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data sharing is applicable upon request.




Conflicts of Interest


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




References


	



Itani, O.; Jike, M.; Watanabe, N.; Kaneita, Y. Short sleep duration and health outcomes: A systematic review, meta-analysis, and meta-regression. Sleep Med. 2017, 32, 246–256. [Google Scholar] [CrossRef] [PubMed]

	



Jike, M.; Itani, O.; Watanabe, N.; Buysse, D.J.; Kaneita, Y. Long sleep duration and health outcomes: A systematic review, meta-analysis and meta-regression. Sleep Med. Rev. 2018, 39, 25–36. [Google Scholar] [CrossRef] [PubMed]

	



Ekelund, U.; Brown, W.J.; Steene-Johannessen, J.; Fagerland, M.W.; Owen, N.; Powell, K.E.; Bauman, A.E.; Lee, I.M. Do the associations of sedentary behaviour with cardiovascular disease mortality and cancer mortality differ by physical activity level? A systematic review and harmonised meta-analysis of data from 850,060 participants. Br. J. Sport. Med. 2019, 53, 886–894. [Google Scholar] [CrossRef] [PubMed]

	



Kraus, W.E.; Powell, K.E.; Haskell, W.L.; Janz, K.F.; Campbell, W.W.; Jakicic, J.M.; Troiano, R.P.; Sprow, K.; Torres, A.; Piercy, K.L. Physical Activity, All-Cause and Cardiovascular Mortality, and Cardiovascular Disease. Med. Sci. Sport. Exerc. 2019, 51, 1270–1281. [Google Scholar] [CrossRef]

	



Battista, F.; Ermolao, A.; van Baak, M.A.; Beaulieu, K.; Blundell, J.E.; Busetto, L.; Carraça, E.V.; Encantado, J.; Dicker, D.; Farpour-Lambert, N.; et al. Effect of exercise on cardiometabolic health of adults with overweight or obesity: Focus on blood pressure, insulin resistance, and intrahepatic fat—A systematic review and meta-analysis. Obes. Rev. 2021, 22 (Suppl. 4), e13269. [Google Scholar] [CrossRef]

	



Dumuid, D.; Pedišić, Ž.; Palarea-Albaladejo, J.; Martín-Fernández, J.A.; Hron, K.; Olds, T. Compositional data analysis in time-use epidemiology. In Advances in Compositional Data Analysis: Festschrift in Honour of Vera Pawlowsky-Glahn; Filzmoser, P., Hron, K., Martín-Fernández, J.A., Palarea-Albaladejo, J., Eds.; Springer International Publishing: Cham, Switzerland, 2021; pp. 383–404. [Google Scholar] [CrossRef]

	



Ross, R.; Chaput, J.P.; Giangregorio, L.M.; Janssen, I.; Saunders, T.J.; Kho, M.E.; Poitras, V.J.; Tomasone, J.R.; El-Kotob, R.; McLaughlin, E.C.; et al. Canadian 24-Hour Movement Guidelines for Adults aged 18–64 years and Adults aged 65 years or older: An integration of physical activity, sedentary behaviour, and sleep. Appl. Physiol. Nutr. Metab. 2020, 45, S57–S102. [Google Scholar] [CrossRef]

	



Janssen, I.; Clarke, A.E.; Carson, V.; Chaput, J.P.; Giangregorio, L.M.; Kho, M.E.; Poitras, V.J.; Ross, R.; Saunders, T.J.; Ross-White, A.; et al. A systematic review of compositional data analysis studies examining associations between sleep, sedentary behaviour, and physical activity with health outcomes in adults. Appl. Physiol. Nutr. Metab. 2020, 45, S248–S257. [Google Scholar] [CrossRef]

	



Chaput, J.P.; Dutil, C.; Featherstone, R.; Ross, R.; Giangregorio, L.; Saunders, T.J.; Janssen, I.; Poitras, V.J.; Kho, M.E.; Ross-White, A.; et al. Sleep timing, sleep consistency, and health in adults: A systematic review. Appl. Physiol. Nutr. Metab. 2020, 45, S232–S247. [Google Scholar] [CrossRef]

	



Rossen, J.; Von Rosen, P.; Johansson, U.B.; Brismar, K.; Hagströmer, M. Associations of physical activity and sedentary behavior with cardiometabolic biomarkers in prediabetes and type 2 diabetes: A compositional data analysis. Phys. Sportsmed. 2020, 48, 222–228. [Google Scholar] [CrossRef]

	



Swindell, N.; Rees, P.; Fogelholm, M.; Drummen, M.; MacDonald, I.; Martinez, J.A.; Navas-Carretero, S.; Handjieva-Darlenska, T.; Boyadjieva, N.; Bogdanov, G.; et al. Compositional analysis of the associations between 24-h movement behaviours and cardio-metabolic risk factors in overweight and obese adults with pre-diabetes from the PREVIEW study: Cross-sectional baseline analysis. Int. J. Behav. Nutr. Phys. Act. 2020, 17, 29. [Google Scholar] [CrossRef]

	



Taylor, N.; Lawton, R.; Conner, M. Development and initial validation of the determinants of physical activity questionnaire. Int. J. Behav. Nutr. Phys. Act. 2013, 10, 74. [Google Scholar] [CrossRef]

	



Eldredge, L.K.B.; Markham, C.M.; Ruiter, R.A.; Fernández, M.E.; Kok, G.; Parcel, G.S. Planning Health Promotion Programs: An Intervention Mapping Approach; John Wiley & Sons: Hoboken, NJ, USA, 2016. [Google Scholar]

	



Oluka, O.C.; Nie, S.; Sun, Y. Quality assessment of TPB-based questionnaires: A systematic review. PLoS ONE 2014, 9, e94419. [Google Scholar] [CrossRef]

	



Motl, R.W.; Sasaki, J.E.; Cederberg, K.L.; Jeng, B. Social-cognitive theory variables as correlates of sedentary behavior in multiple sclerosis: Preliminary evidence. Disabil. Health J. 2019, 12, 622–627. [Google Scholar] [CrossRef]

	



Duan, Y.; Shang, B.; Liang, W.; Du, G.; Yang, M.; Rhodes, R.E. Effects of eHealth-Based Multiple Health Behavior Change Interventions on Physical Activity, Healthy Diet, and Weight in People with Noncommunicable Diseases: Systematic Review and Meta-analysis. J. Med. Internet Res. 2021, 23, e23786. [Google Scholar] [CrossRef]

	



Gardner, B.; Smith, L.; Lorencatto, F.; Hamer, M.; Biddle, S.J. How to reduce sitting time? A review of behaviour change strategies used in sedentary behaviour reduction interventions among adults. Health Psychol. Rev. 2016, 10, 89–112. [Google Scholar] [CrossRef]

	



Connell, L.E.; Carey, R.N.; de Bruin, M.; Rothman, A.J.; Johnston, M.; Kelly, M.P.; Michie, S. Links Between Behavior Change Techniques and Mechanisms of Action: An Expert Consensus Study. Ann. Behav. Med. 2019, 53, 708–720. [Google Scholar] [CrossRef]

	



Curran, F.; Blake, C.; Cunningham, C.; Perrotta, C.; van der Ploeg, H.; Matthews, J.; O’Donoghue, G. Efficacy, characteristics, behavioural models and behaviour change strategies, of non-workplace interventions specifically targeting sedentary behaviour; a systematic review and meta-analysis of randomised control trials in healthy ambulatory adults. PLoS ONE 2021, 16, e0256828. [Google Scholar] [CrossRef]

	



Galli, F.; Chirico, A.; Mallia, L.; Girelli, L.; De Laurentiis, M.; Lucidi, F.; Giordano, A.; Botti, G. Active lifestyles in older adults: An integrated predictive model of physical activity and exercise. Oncotarget 2018, 9, 25402–25413. [Google Scholar] [CrossRef]

	



Hagger, M.S.; Chatzisarantis, N.L. Integrating the theory of planned behaviour and self-determination theory in health behaviour: A meta-analysis. Br. J. Health Psychol. 2009, 14, 275–302. [Google Scholar] [CrossRef]

	



Young, M.D.; Plotnikoff, R.C.; Collins, C.E.; Callister, R.; Morgan, P.J. Social cognitive theory and physical activity: A systematic review and meta-analysis. Obes. Rev. 2014, 15, 983–995. [Google Scholar] [CrossRef]

	



Gillison, F.B.; Rouse, P.; Standage, M.; Sebire, S.J.; Ryan, R.M. A meta-analysis of techniques to promote motivation for health behaviour change from a self-determination theory perspective. Health Psychol. Rev. 2019, 13, 110–130. [Google Scholar] [CrossRef] [PubMed]

	



Rodrigues, F.; Bento, T.; Cid, L.; Pereira Neiva, H.; Teixeira, D.; Moutão, J.; Almeida Marinho, D.; Monteiro, D. Can Interpersonal Behavior Influence the Persistence and Adherence to Physical Exercise Practice in Adults? A Systematic Review. Front. Psychol. 2018, 9, 2141. [Google Scholar] [CrossRef] [PubMed]

	



Sallis, J.; Cervero, R.; Ascher, W.; Henderson, K.; Kraft, M.; Kerr, J. An Ecological Approach to Creating More Physically Active Communities. Annu. Rev. Public Health 2006, 27, 297–322. [Google Scholar] [CrossRef] [PubMed]

	



Bronfenbrenner, U. Toward an experimental ecology of human development. Am. Psychol. 1977, 32, 513–531. [Google Scholar] [CrossRef]

	



Lee, Y.; Park, S. Understanding of Physical Activity in Social Ecological Perspective: Application of Multilevel Model. Front. Psychol. 2021, 12, 622929. [Google Scholar] [CrossRef]

	



Mullane, S.L.; Toledo, M.J.L.; Rydell, S.A.; Feltes, L.H.; Vuong, B.; Crespo, N.C.; Pereira, M.A.; Buman, M.P. Social ecological correlates of workplace sedentary behavior. Int. J. Behav. Nutr. Phys. Act. 2017, 14, 117. [Google Scholar] [CrossRef]

	



Grandner, M.A. (Ed.) Chapter 5—Social-ecological model of sleep health. In Sleep and Health; Academic Press: Cambridge, MA, USA, 2019; pp. 45–53. [Google Scholar] [CrossRef]

	



Bujang, M.A.; Baharum, N. A simplified guide to determination of sample size requirements for estimating the value of intraclass correlation coefficient: A review. Arch. Orofac. Sci. 2017, 12, 1–11. [Google Scholar]

	



Yurdugül, H. Minimum Sample Size for Cronbach’s Coefficient Alpha: A Monte-Carlo Study. Acettepe Univ. J. Educ. 2008, 35, 397–405. [Google Scholar]

	



Bujang, M.A.; Omar, E.D.; Baharum, N.A. A Review on Sample Size Determination for Cronbach’s Alpha Test: A Simple Guide for Researchers. Malays. J. Med. Sci. 2018, 25, 85–99. [Google Scholar] [CrossRef]

	



McLeroy, K.R.; Bibeau, D.; Steckler, A.; Glanz, K. An ecological perspective on health promotion programs. Health Educ. Q. 1988, 15, 351–377. [Google Scholar] [CrossRef]

	



Pinchevsky, Y.; Butkow, N.; Raal, F.J.; Chirwa, T.; Rothberg, A. Demographic and Clinical Factors Associated with Development of Type 2 Diabetes: A Review of the Literature. Int. J. Gen. Med. 2020, 13, 121–129. [Google Scholar] [CrossRef]

	



Hagger, M.S.; Chatzisarantis, N.L.D. An Integrated Behavior Change Model for Physical Activity. Exerc. Sport Sci. Rev. 2014, 42, 62–69. [Google Scholar] [CrossRef]

	



Harris, P.A.; Taylor, R.; Thielke, R.; Payne, J.; Gonzalez, N.; Conde, J.G. Research electronic data capture (REDCap)—A metadata-driven methodology and workflow process for providing translational research informatics support. J. Biomed. Inform. 2009, 42, 377–381. [Google Scholar] [CrossRef]

	



Park, M.S.; Kang, K.J.; Jang, S.J.; Lee, J.Y.; Chang, S.J. Evaluating test-retest reliability in patient-reported outcome measures for older people: A systematic review. Int. J. Nurs. Stud. 2018, 79, 58–69. [Google Scholar] [CrossRef]

	



Streiner, D.L.; Norman, G.R.; Cairney, J. Health Measurement Scales: A Practical Guide to Their Development and Use, 5th ed.; Oxford University Press: Oxford, UK, 2014. [Google Scholar] [CrossRef]

	



Koo, T.K.; Li, M.Y. A Guideline of Selecting and Reporting Intraclass Correlation Coefficients for Reliability Research. J. Chiropr. Med. 2016, 15, 155–163. [Google Scholar] [CrossRef]

	



Taber, K.S. The Use of Cronbach’s Alpha When Developing and Reporting Research Instruments in Science Education. Res. Sci. Educ. 2018, 48, 1273–1296. [Google Scholar] [CrossRef]

	



IBM Corp. Released 2020. IBM SPSS Statistics for Windows; Version 27.0; IBM Corp: Armonk, NY, USA.

	



Wilding, S.; Conner, M.; Sandberg, T.; Prestwich, A.; Lawton, R.; Wood, C.; Miles, E.; Godin, G.; Sheeran, P. The question-behaviour effect: A theoretical and methodological review and meta-analysis. Eur. Rev. Soc. Psychol. 2016, 27, 196–230. [Google Scholar] [CrossRef]

	



Wood, C.; Conner, M.; Miles, E.; Sandberg, T.; Taylor, N.; Godin, G.; Sheeran, P. The Impact of Asking Intention or Self-Prediction Questions on Subsequent Behavior: A Meta-Analysis. Pers. Soc. Psychol. Rev. 2016, 20, 245–268. [Google Scholar] [CrossRef]

	



Phillips, C.J.; Marshall, A.P.; Chaves, N.J.; Jankelowitz, S.K.; Lin, I.B.; Loy, C.T.; Rees, G.; Sakzewski, L.; Thomas, S.; To, T.P.; et al. Experiences of using the Theoretical Domains Framework across diverse clinical environments: A qualitative study. J. Multidiscip. Healthc. 2015, 8, 139–146. [Google Scholar] [CrossRef]

	



Cane, J.; O’Connor, D.; Michie, S. Validation of the theoretical domains framework for use in behaviour change and implementation research. Implement. Sci. 2012, 7, 37. [Google Scholar] [CrossRef]

	



Ajzen, I. The theory of planned behavior. Organ. Behav. Hum. Decis. Process. 1991, 50, 179–211. [Google Scholar] [CrossRef]

	



Senkowski, V.; Gannon, C.; Branscum, P. Behavior Change Techniques Used in Theory of Planned Behavior Physical Activity Interventions among Older Adults: A Systematic Review. J. Aging Phys. Act. 2019, 27, 746–754. [Google Scholar] [CrossRef] [PubMed]

	



Grandner, M.A.; Jackson, N.; Gooneratne, N.S.; Patel, N.P. The development of a questionnaire to assess sleep-related practices, beliefs, and attitudes. Behav. Sleep Med. 2014, 12, 123–142. [Google Scholar] [CrossRef] [PubMed]

	



Edinger, J.D.; Wohlgemuth, W.K. Psychometric comparisons of the standard and abbreviated DBAS-10 versions of the dysfunctional beliefs and attitudes about sleep questionnaire. Sleep Med. 2001, 2, 493–500. [Google Scholar] [CrossRef]

	



Adan, A.; Fabbri, M.; Natale, V.; Prat, G. Sleep Beliefs Scale (SBS) and circadian typology. J. Sleep Res. 2006, 15, 125–132. [Google Scholar] [CrossRef]

	



Rhodes, R.E.; Boudreau, P.; Josefsson, K.W.; Ivarsson, A. Mediators of physical activity behaviour change interventions among adults: A systematic review and meta-analysis. Health Psychol. Rev. 2021, 15, 272–286. [Google Scholar] [CrossRef]

	



Rhodes, R.E.; Cox, A.; Sayar, R. What Predicts the Physical Activity Intention-Behavior Gap? A Systematic Review. Ann. Behav. Med. 2022, 56, 1–20. [Google Scholar] [CrossRef]

	



Hardeman, W.; Houghton, J.; Lane, K.; Jones, A.; Naughton, F. A systematic review of just-in-time adaptive interventions (JITAIs) to promote physical activity. Int. J. Behav. Nutr. Phys. Act. 2019, 16, 31. [Google Scholar] [CrossRef]








[image: Ijerph 20 04407 g001 550] 





Figure 1. Questionnaire items within the socio-ecological model. The orange zone represents the intrapersonal level. The yellow zone represents the interpersonal level. The green zone represents the environmental level. The blue zone represents the four active living domains. The grey zone represents the 24-h movement behaviors including sleep, sedentary behavior, light physical activity and moderate to vigorous physical activity. The psychological factors questioned in the intra- and interpersonal level are part of a behavior change theory: Theory of Planned Behavior a, Self-Determination Theory b, Dual System Theory c, Social Cognitive Theory d. 
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Table 1. Sample characteristics.






Table 1. Sample characteristics.





	Sample Characteristics
	Descriptive Numbers





	Total sample size recruited (#)
	40



	Drop out (#)
	5



	Total sample size participated (#)
	35



	Age in years (mean (SD))
	42.94 (±16.07)



	Sex: female (# (%))
	21 (60.00)



	Unemployed (# (%))
	3 (8.57)



	Early retired/retired (# (%))
	4 (11.43)



	High educational level (# (%))
	23 (65.70)



	Net family income >2000 euro/month (# (%))
	28 (80.00)



	Average time between T1–T2 (mean in days (SD))
	15.82 (±2.00)







#: number of participants, SD: standard deviation, T1: timepoint 1, T2: timepoint 2.
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Table 2. Summary of test–retest reliability questionnaire items and internal consistency of explanatory variable constructs.






Table 2. Summary of test–retest reliability questionnaire items and internal consistency of explanatory variable constructs.





	
Explanatory Variable Constructs

	
Items

	
Test–Retest Reliability (ICC)

	
IC (α)




	

	

	

	
Excellent

	
Good

	
Moderate

	
Poor

	




	

	
n

	
ICC-Range

	
n (%)

	
n (%)

	
n (%)

	
n (%)

	
α






	
General information




	
Intrapersonal level




	
Sociodemographic variables

	
14

	
0.758–1.000

	
13 (92.86)

	
1 (7.14)

	
0

	
0

	
NA




	
Physical activity




	
Intrapersonal level




	
Autonomous motivation

	
2

	
0.322–0.577

	
0

	
0

	
1 (50.00)

	
1 (50.00)

	
0.585




	
Attitude: Overall

	
10

	
0.071–0.616

	
0

	
0

	
3 (30.00)

	
7 (70.00)

	
0.840




	
Attitude LPA

	
5

	
0.193–0.616

	
0

	
0

	
1 (20.00)

	
4 (80.00)

	
0.861




	
Attitude MVPA

	
5

	
0.071–0.571

	
0

	
0

	
2 (40.00)

	
3 (60.00)

	
0.811




	
Facilitators

	
14

	
0.141–0.654

	
0

	
0

	
3 (21.43)

	
11 (78.57)

	
0.769




	
Internal behavioral control

	
2

	
0.344–0.781

	
0

	
1 (50.00)

	
0

	
1 (50.00)

	
0.772




	
Self-efficacy

	
10

	
0.443–0.763

	
0

	
1 (10.00)

	
7 (70.00)

	
2 (20.00)

	
0.896




	
Barriers

	
16

	
0.054–0.821

	
0

	
3 (18.75)

	
8 (50.00)

	
5 (31.25)

	
0.942




	
Interpersonal level




	
Subjective norm

	
5

	
0.416–0.851

	
0

	
1 (20.00)

	
3 (60.00)

	
1 (20.00)

	
0.869




	
Social modeling

	
5

	
0.693–0.849

	
0

	
4 (80.00)

	
1 (20.00)

	
0

	
0.561




	
Social support

	
6

	
0.071–0.826

	
0

	
2 (33.33)

	
2 (33.33)

	
2 (33.33)

	
0.623




	
Summary physical activity

	
70

	
0.054–0.851

	
0

	
12 (17.14)

	
28 (40.00)

	
30 (42.86)

	




	
Sedentary behavior




	
Intrapersonal level




	
Autonomous motivation

	
2

	
0.218–0.554

	
0

	
0

	
1 (50.00)

	
1 (50.00)

	
0.789




	
Attitude:

Long sitting period

	
5

	
0.106–0.720

	
0

	
0

	
3 (60.00)

	
2 (40.00)

	
0.695




	
Attitude:

Interrupting sitting period

	
5

	
0.159–0.724

	
0

	
0

	
2 (40.00)

	
3 (60.00)

	
0.804




	
Facilitators: Overall

	
8

	
0.485–0.846

	
0

	
2 (25.00)

	
5 (62.50)

	
1 (12.50)

	
0.788




	
Leisure time

	
4

	
0.485–0.766

	
0

	
1 (25.00)

	
2 (50.00)

	
1 (25.00)

	
0.722




	
Work

	
2

	
0.561 −0.744

	
0

	
0

	
2 (100.00)

	
0

	
0.876




	
Household

	
2

	
0.670–0.846

	
0

	
1(50)

	
1 (50.00)

	
0

	
0.910




	
Internal behavioral control

	
5

	
0.089–0.782

	
0

	
1 (20.00)

	
2 (40.00)

	
2 (40.00)

	
0.398




	
Self-efficacy: Overall

	
17

	
0.065–0.848

	
0

	
1 (5.88)

	
8 (47.06)

	
8 (47.06)

	
0.855




	
Leisure time

	
7

	
0.222–0.740

	
0

	
0

	
3 (42.86)

	
4 (57.14)

	
0.744




	
Transport

	
4

	
0.425–0.654

	
0

	
0

	
2 (50.00)

	
2 (50.00)

	
0.729




	
Work

	
3

	
0.550–0.848

	
0

	
1 (33.33)

	
2 (66.67)

	
0

	
0.835




	
Household

	
3

	
0.065–0.677

	
0

	
0

	
1 (33.33)

	
2 (66.67)

	
0.533




	
Barriers: Overall

	
16

	
0.024–0.781

	
0

	
1 (6.25)

	
8 (50.00)

	
7 (43.75)

	
0.874




	
Leisure time

	
4

	
0.227–0.436

	
0

	
0

	
0

	
4 (100.00)

	
0.812




	
Transport

	
5

	
0.491–0.781

	
0

	
1 (20.00)

	
3 (60.00)

	
1 (20.00)

	
0.801




	
Work

	
5

	
0.594–0.696

	
0

	
0

	
5 (100.00)

	
0

	
0.951




	
Household

	
2

	
0.024–0.239

	
0

	
0

	
0

	
2 (100.00)

	
0.809




	
Interpersonal level




	
Subjective norm: Overall

	
12

	
0.435–0.860

	
0

	
3 (25.00)

	
5 (41.67)

	
4 (33.33)

	
0.887




	
Leisure time

	
6

	
0.470–0.826

	
0

	
2 (33.33)

	
3 (50.00)

	
1 (16.67)

	
0.856




	
Transport

	
3

	
0.435–0.860

	
0

	
1 (33.33)

	
0

	
2 (66.67)

	
0.638




	
Work

	
1

	
0.635

	
0

	
0

	
1 (100.00)

	
0

	
NA




	
Household

	
2

	
0.498–0.730

	
0

	
0

	
1 (50.00)

	
1 (50.00)

	
0.732




	
Social modeling: Overall

	
20

	
0.377–0.911

	
3 (15.00)

	
7 (35.00)

	
8 (40.00)

	
2 (10.00)

	
0.724




	
Leisure time

	
12

	
0.588–0.911

	
3 (25.00)

	
5 (41.57)

	
4 (33.33)

	
0

	
0.771




	
Transport

	
4

	
0.553–0.853

	
0

	
2 (50.00)

	
2 (50.00)

	
0

	
0.814




	
Work

	
2

	
0.584–0.655

	
0

	
0

	
2 (100.00)

	
0

	
0.874




	
Household

	
2

	
0.377–0.428

	
0

	
0

	
0

	
2 (100.00)

	
0.779




	
Social support: Overall

	
12

	
0.498–0.787

	
0

	
3 (25.00)

	
8 (66.67)

	
1 (8.33)

	
0.910




	
Leisure time

	
6

	
0.530–0.779

	
0

	
2 (33.33)

	
4 (66.67)

	
0

	
0.886




	
Transport

	
3

	
0.502–0.787

	
0

	
1 (33.33)

	
2 (66.67)

	
0

	
0.789




	
Work

	
1

	
0.612

	
0

	
0

	
1 (100.00)

	
0

	
NA




	
Household

	
2

	
0.498–0.714

	
0

	
0

	
1 (50.00)

	
1 (50.00)

	
0.645




	
Summary sedentary behavior

	
102

	
0.024–0.911

	
3 (2.94)

	
18 (17.65)

	
50 (49.02)

	
31 (30.39)

	




	
Sleep




	
Intrapersonal level




	
Autonomous motivation

	
2

	
0.260–0.379

	
0

	
0

	
0

	
2 (100.00)

	
0.817




	
Attitude: Overall

	
10

	
0.079–0.724

	
0

	
0

	
5 (50.00)

	
5 (50.00)

	
0.742




	
Optimal sleep pattern

	
5

	
0.079–0.605

	
0

	
0

	
2 (40.00)

	
3 (60.00)

	
0.734




	
Electronic devices

	
5

	
0.407–0.724

	
0

	
0

	
3 (60.00)

	
2 (40.00)

	
0.749




	
Facilitators

	
6

	
0.315–0.640

	
0

	
0

	
3 (50.00)

	
3 (50.00)

	
0.867




	
Internal behavioral control

	
2

	
0.630–0.641

	
0

	
0

	
2 (100.00)

	
0

	
0.760




	
Self-efficacy

	
6

	
0.461–0.812

	
0

	
1 (16.67)

	
3 (50.00)

	
2 (33.33)

	
0.804




	
Barriers: Overall

	
12

	
0.156–0.730

	
0

	
1 (8.33)

	
9 (75.00)

	
2 (16.67)

	
0.821




	
Optimal sleep pattern

	
9

	
0.156–0.730

	
0

	
0

	
7 (77.78)

	
2 (22.22)

	
0.807




	
Electronic devices

	
3

	
0.578–0.848

	
0

	
1 (33.33)

	
2 (66.67)

	
0

	
0.748




	
Interpersonal level




	
Subjective norm

	
2

	
0.522–0.656

	
0

	
0

	
2 (100)

	
0

	
0.745




	
Social modeling

	
3

	
0.679–0.805

	
0

	
2 (66.67)

	
1 (33.33)

	
0

	
0.832




	
Social support

	
2

	
0.446–0.526

	
0

	
0

	
1 (50.00)

	
1 (50.00)

	
0.687




	
Summary sleep

	
45

	
0.079–0.848

	
0

	
4 (8.89)

	
26 (57.78)

	
15 (33.33)

	




	
Environment




	
Physical environment level




	
Home environment: Electronic devices

	
10

	
0.622–0.896

	
0

	
7 (70.00)

	
3 (30.00)

	
0

	
0.664




	
Home environment:

Sleep environment

	
7

	
0.474–0.850

	
0

	
5 (71.43)

	
1 (14.29)

	
1 (14.29)

	
0.526




	
Neighborhood

	
13

	
0.437–0.934

	
2 (15.38)

	
3 (23.08)

	
7 (53.85)

	
1 (7.69)

	
0.797




	
Work environment

	
5

	
0.823–1.000

	
3 (60.00)

	
2 (40.00)

	
0

	
0

	
0.916








ICC: Intraclass correlation coefficient with cut-off points for Excellent (ICC ≥ 0.900), Good (ICC 0.750–0.899), Moderate (ICC 0.50–0.749), and Poor (ICC < 0.500) reliability; IC: internal consistency, indicated by Cronbach’s Alpha Coefficient (α). Italic α (α < 0.70) represents poor homogeneity among items. Number of items is represented as the number of items (n) and the percentage (%) of the corresponding construct; Bold explanatory variable constructs: summary of all items related to a 24-h movement behaviors; Italic explanatory variable constructs: Subconstructs where the number of items are combined in the overall construct; LPA: light physical activity; MVPA: moderate to vigorous physical activity; NA: not applicable.
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