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Editorial on the Research Topic
Motivation states and hedonic motivation for physical activity, exercise, and sport vs. sedentary behaviors



The concept of motivation states for physical activity and sedentarism emerged from ideas emanating from addiction medicine, self-control research, and exercise psychology. To start, Robinson and Berridge's theory of incentive salience (1), which seeks to understand urges and cravings for addictive substances, differentiates the notions of liking versus wanting. Those addicted to exercise experience cravings for movement (2), in other words, strong desires or wants, which are perhaps independent of the pleasure they receive from it. The want or desire to move and be active, however, is not limited to athletes or exercise addicts. Indeed, most humans experience these motivation states from time to time, if not regularly (3) (Stults-Kolehmainen et al.). In pondering over this point, there is a possibility that the reader may spontaneously feel an urge to move. Such a feeling might even persist for several minutes, but could also dissipate as quickly as it arrives. Regardless, it seems obvious that humans are more motivated to move, be active, and exercise at some moments compared to others. For instance, when waking up, the desire to move may be very weak, but after some additional time awake, a cup of coffee, and a pressing appointment in the next hour, a person might be “on fire” to move. Overall, it is clear that motivation to be physically active is a transient state that is regulated by a number of factors (Stults-Kolehmainen et al.). How this has been missed in exercise psychology textbooks is a mystery.

Typically, motivation for physical activity, and exercise and sport specifically, has been considered: (1) as a stable construct, similar to a trait (4–6), and (2) from a reflective perspective (e.g., goals). Indeed, some manuscripts in this Research Topic have adhered to this conceptualization (Zhao et al., Wu et al.). Certainly, there are enduring aspects to motivation, and this has been well-described by Self-Determination Theory (7), Hedonic Theory (8) and other meta-theories of behavior (Heredia-Leon et al.). Motivation predicts physical activity and exercise behavior (Zhao et al.), perhaps by influencing self-efficacy (Zhao et al.), attitudes, intentions (Heredia-Leon et al.), and one's satisfaction with the activity (Wu et al.). Recent health behavior theories are migrating to the idea of motivation as it varies by incidental affect and affective processing, as juxtaposed against goals and reflective processing, such as the Affect and Health Behavior Framework (9), Integrative Framework (10), and the Automatic Reflective Motivation Framework (11). These models specify motivation states as being infused with an affective component, the so-called affectively-charged motivation states (ACMS)—first described by Kavanaugh (12). Nevertheless, these theories and others (i.e., Affective Reflective Theory of PA) (13) have assigned a relatively minor role to motivation states. Others have taken the stance that motivation states are relevant only as they pertain to avoidance or dread of activity, particularly in the case of exercise (8), or they are overpowered by the need to minimize the exercise-related (14) or general activity effort (15).

Despite these setbacks, some conceptual (16) and measurement (3) advances have been made. Nevertheless, until recently, there was no unified effort to understand the phenomena of undulating wants or desires to move and be sedentary. In 2015, we submitted our first abstract on the topic to the North American Society for the Psychology of Sport and Physical Activity (NASPSPA) (17), with details about a 13-item instrument (i.e., the CRAVE—Cravings for Rest and Volitional Energy Expenditure scale) developed to measure motivation states. At this time, we labeled spontaneous instances of wanting to exercise “CRAVE moments”—times of pressing readiness and urgency to move, that can be experienced and/or felt in both the mind and body. Seeing more complexity in the effects, we added a concise model to explain how desires to move and be sedentary might relate to each other—the Wants and Aversions for Neuromuscular Tasks (WANT) model (16). In this heuristic, there may be genuine excitement to move, or even an urge or craving, as well as active dread or diswant (i.e., aversion) for movement. Stults-Kolehmainen et al. more formally provide ten provisions of the model, which also include ideas about how motivation states can vary with certain emotions, stressful events, and various situational factors.

This Research Topic constitutes the first attempt to meld diverse literatures into a line of scholarly work on this emerging Scientific Theory. Articles published in this series reported that motivation states:


	1.predict affective responses during exercise (Do et al.), and are possibly linked to leisure satisfaction (Wu et al.),

	2.are predicted by previous activity behaviors (Budnick et al.), including sitting and talking during a focus group period (Stults-Kolehmainen et al.),

	3.are heightened in disorders like anorexia nervosa (Casper), Restless Legs Syndrome and other disorders (Stults-Kolehmainen et al.), and weakly related to state anxiety (Filgueiras et al.),

	4.are possibly modulated by endogenous factors, like caloric imbalance and leptin concentration (Casper), but also exogenous stimuli, like music (Park et al.) and a host of other factors (Stults-Kolehmainen et al.),

	5.predict intentions to be active and sedentary (Budnick et al.);

	6.are linked to self-reported exercise behavior (Filgueiras et al.), and

	7.follow a circadian pattern (Budnick et al.).



Measurement of motivation states was conducted with a variety of instruments. Do et al. asked participants to rate how they felt about their upcoming exercise by utilizing a sliding visual analogue scale with the endpoints being “Dreading it” to “Excited to do it”. Such a scale was used in a subsequent investigation (18), but another study from this laboratory queried participants with the phrase “Feel like exercising?”, with a response set of “yes”, “no”, and “sort of” (19) regarding the desire to be active. Stults-Kolehmainen et al. used the CRAVE scale (3), which they also translated into Portuguese and whittled down to single items for the want/desire to move and rest (Filgueiras et al.). Pedersen et al. used an unvalidated scale to measure perceived readiness to train (20), which included an item for daily motivation (i.e., “Rate your motivation to train today”). A limitation to be solved in further research with this last item is that it cannot distinguish between appetitive and reflective motivation.

People typically want what they like and are reinforced to do, and movement may provide some individuals a considerable source of reward (21). Many articles in this Research Topic highlighted the key role of exercise affective responses and pleasure/displeasure. Andersen et al. found that a traditional workout was perceived as less effortful, but also less preferable, to a more time efficient workout utilizing supersets, which produced more discomfort, but also a greater sense of pleasure, as assessed 15 min post-exercise. The same group (Pedersen et al.) found that most participants (22 out of 24 people) in a trial exploring the differences between a longer training session and two shorter sessions, preferred the longer session. They also found that the longer session was perceived as more pleasurable, even though it had higher perceptions of effort and discomfort. Timme et al. found that individuals have general preferences for engaging in activity (or not), but when making choices between active and sedentary activities, decisions are likely impacted to a greater degree by the specific options presented within a situation, and these choices are regulated by highly automated processes. Motivation states are likely under a high degree of automatic, unconscious control, and future studies should explore the interplay of these ideas. Furthermore, if exercise can be made more pleasurable or enjoyable, will people want it more? Such a possibility has yet to be tested.

In this Research Topic, we also expanded the concept of motivation states to incorporate classic ideas of drive—that the motivation to move may emanate not just from experiences of pleasure and positive reinforcement, but also negative reinforcement (Stults-Kolehmainen). In other words, are some motivation states partially the result of some pressing need to move, which has been unsatisfied (e.g., with prolonged sitting) and then prompted into consciousness? Ryan and Deci (7) highlighted a discussion from Ladygina-Kohts (22) about the drive for physical activity in primates that observed, “Active play with live creatures represents an essential need for the chimpanzee… That is why movement for the sake of movement is his unalterable, unquenchable desire… He can engage in it for hours, from dawn to sunset, day in and day out” (p. 134). It seems likely that such statements could also be made for many or most human children (and some adults). Ryan and Deci (7) have termed such tendencies “inherent propensities” and intrinsic motivation—motivated behaviors which do not require external rewards or prompts but are naturally engaged in with great interest. Flack et al. detailed how the drive to move may even result in an appetite for physical activity, perhaps a craving, and this can be altered by exercise training, though perhaps to a detriment (i.e., exercise compensation). Finally, it should be considered that the desire to move may be spurred by boredom and the need for cognitive stimulation (e.g., that comes from engaging muscles and/or moving one's physical body throughout the environment). Such perspectives seem to align with Paul Bloom's ideas of an affective “sweet spot” and “motivational pluralism”—notions that a person is motivated by more than attainment of pleasure, but also by aspects of intended pain and displeasure (23).

With the conclusion of this Research Topic, the Editors conclude that the idea of affectively-charged motivation states (ACMS) for physical activity, exercise, and sedentarism can move from the proof-of-concept stage to an emerging Scientific Theory. Important knowledge gaps were filled in, including information about intraday variation in motivation states, social influences, and how individuals think about motivation states in lay terms (Stults-Kolehmainen et al.). Significant progress was made in the measurement of motivation states, including scale development, validation, and cultural and linguistic adaptations (Filgueiras et al.). We also understand more about the reinforcing properties of exercise and factors that increase the pleasure of it. The articles in the Research Topic approached the concept from qualitative and quantitative perspectives, with observational and experimental data. Despite these advances, we underscore that these studies were mostly conducted in adults, and children likely have stronger urges to move based on motor development needs. Another gap in knowledge exists for athletes completing large amounts of movement during a competitive season, putting them at risk for burnout and neutralization of motivation. Moreover, there is great need to translate research findings into actionable strategies, such as just-in-time adaptive interventions (JITAI) (24), to promote physically active lifestyles for the greater health and well-being of all people. In this pursuit, it is clear that the next chapter for physical activity motivation begins with the “right now” or “in this very moment”. Meanwhile, we would like to thank all the authors and referees involved in this Research Topic for their outstanding scholarship.
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Purpose: To explore the relationship among leisure motivation, barriers, attitude and satisfaction of middle school students in Chengdu, Sichuan, to help students establish a positive leisure attitude and provide a reference for youth leisure counseling.

Methods: Based on consulting research literature, this paper designs a survey volume of teenagers’ leisure motivation, barriers, attitude, and satisfaction; 2249 valid questionnaires of middle school students in Chengdu were obtained by stratified random sampling. The data were statistically processed by the combination of exploratory factor analysis (EFA) and confirmatory factor analysis (CFA).

Results: (1) There are significant positive correlation effects between leisure motivation and leisure attitude, leisure attitude and leisure satisfaction, and leisure motivation and leisure satisfaction; (2) There is a low degree of positive correlation effect (r = 0.35 *) between leisure barriers and leisure motivation, which is contrary to common sense and needs to be further studied in the follow-up; (3) Leisure barriers has no significant direct impact on leisure satisfaction, but it can have a significant negative impact on leisure satisfaction with the intermediary variable of leisure attitude; (4) Leisure motivation is the most important variable in the whole leisure model structure. It not only has the greatest direct impact on leisure satisfaction but also has a great positive impact on leisure satisfaction through the intermediary of leisure attitude.

Conclusion: Adolescent leisure motivation, barriers, attitude, and satisfaction are complementary and interdependent. Among them, leisure motivation is the core variable and leisure attitude is the dual intermediary variable. Through the initiation of leisure motivation, helping adolescents establish a positive leisure attitude may be the key to ensure their leisure satisfaction.
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INTRODUCTION

Leisure life is the product of national economic growth and the change of social industrial structure. Due to the development of science and technology and socio-economic progress, the form of social life has changed significantly, which indirectly allows Chinese people to have more free time, and the demand and willingness for leisure activities have also increased. The rise of leisure activities has gradually become the focus of Chinese life, If leisure time is used to plan and improve leisure activities, it can not only bring personal health and relaxation benefits but also promote the beneficial interaction between people. Teenagers are the most energetic population in society. It is not only a critical period of personality development and life adaptation but also a stage with the greatest impact of physiological and psychological changes. The growth experience and the establishment of many ideas and behaviors in this period often have a decisive impact on their future personality development and behavior characteristics. At present, youth education is facing new opportunities and challenges. As an important educational activity, sports, leisure, and entertainment are inextricably linked with the educational theory itself. Research Report from sports, leisure, and entertainment educators: 11–16 years old is the most important stage to complete the socialization process of teenagers. If collective leisure and entertainment activities can be arranged at this stage, it is very important to train teenagers’ cooperation ability and team spirit. Leisure projects such as orienteering, multi-person rowing, and sailing are the best choice for this age group (Weybright et al., 2016; Song, 2017; Florian and Jörg, 2018).

Attitude plays an important role in forming personal behavior. A correct sports attitude can improve sports behavior, and attitude and behavior affect each other. Learning theory emphasizes that past behavior experience is also one of the factors forming attitude. Many scholars believe that leisure attitude is an individual’s response tendency for leisure, which represents an individual’s likes and dislikes for leisure activities and an individual’s readiness for leisure activities, and divides the structure of leisure attitude into three dimensions (Bailey et al., 2016; Holahan et al., 2017; Freire and Teixeira, 2018): (1) cognitive: including personal and social levels, refers to the knowledge and belief in leisure; Understand the belief of leisure and health, happiness and work relationship; The belief that leisure is beneficial to individuals’ relaxation and self-development, such as personal sexuality, expertise, the source of leisure information, etc.; (2) Affective: refers to an individual’s feeling of leisure, the degree of liking and disliking of leisure activities and experience, including the evaluation of leisure experience and activities, the degree of liking and dislike and direct and immediate feelings, such as personal values, expectations and interests; (3) Behavior: refers to the behavioral tendency of individuals to participate in leisure in the past, present and future, including the tendency to select leisure activities and choices; Past and present leisure activity participation status and experience.

Motivation is a force that urges people to take a certain behavior to meet a certain demand, because Motivation is the psychological or internal force that urges a person to carry out activities and it is the internal process that causes an individual activity and maintains the activity toward a certain goal (Weissinger and Bangalos, 1995). It is an internal driving force of an individual. Laroche et al. (2019) Based on previous research literature and theories (Downs et al., 2013; Ramey et al., 2016), proposed that leisure motivation is the psychological and social reasons for people to participate in leisure behavior, and divided leisure motivation into four-factor dimensions: (1) Intelligence: refers to the individual’s motivation to participate in leisure activities, including psychological activities of learning, exploration, discovery, creation or imagination; (2) Social: it means that the individual’s motivation to participate in leisure activities is for social reasons. It includes two basic needs: the needs of friendship and interpersonal relationship, and the needs of others’ respect; (3) competence-mastery: refers to the individual’s competence proficiency reason for participating in leisure activities, which is to achieve achievements, master, challenge, compete and master the characteristics of skilled activities, usually out of the instinct of the body; (4) Stimulus avoidance: the constituent elements are the motivation to escape and the living environment away from too much stimulation, and the need to pursue solitude and peaceful environment, as well as to rest and relax.

Leisure barriers are the hindrance of personal perception or experience, which is not necessarily the result of not participating in leisure activities, but may affect personal leisure preferences and change leisure participation. It can be seen that leisure barriers are related to an individual’s ability to overcome and deal with obstacles to successfully engage in leisure and has an impact on leisure experience and behavior (Jackson and Rucks, 1995). Cho and Price (2018) defined leisure barriers as individual subjective perception or reasons that affect individuals’ dislike or involvement in certain leisure activities, and summarized the influencing factors into three categories: (1) Individual barriers: refers to the psychological factors and states within an individual that affect his leisure preferences or participation, such as stress, anxiety, belief, etc.; (2) Interpersonal barriers: refers to the factors that affect an individual’s leisure preferences or participation due to lack of appropriate or sufficient leisure partners; (3) Structural barriers: refers to external factors that affect individual leisure preferences, such as resources, money, equipment, etc.

Leisure satisfaction is a subjective feeling that individuals affect their leisure experience. It is the concrete realization of motivation, preference, demand, or expectation (Rusbult et al., 1998). Rosa et al. (2019) pointed out that leisure satisfaction refers to the positive and good feelings obtained by individuals when participating in leisure activities, and the satisfaction of individuals with leisure experience and situation, and classified leisure satisfaction into six categories: (1) Psychological: Based on intrinsic motivation, individuals participate in freely selected activities and self-realization needs, so that individuals can show their individuality from leisure activities and seek self-expression; (2) Education: individuals pursue intellectual stimulation in participating in leisure activities, need new experiences to meet the curiosity of participants, and expand their personal life experience by learning new things and increasing knowledge; (3) Social aspect: individuals volunteer to participate in service groups or organizations to maintain the free choice of social relations. At the same time, the naturally formed interpersonal network is conducive to individual social interaction and communication, and obtaining social respect and respect from others; (4) Relaxation: Games and sports can restore vitality. Individual participation in leisure activities can enable individuals to have a full rest, relax and relieve the pressure and tension from work and life; (5) Physiologic: when individuals participate in leisure activities, some are physiologically challenging or maintain health, strengthen muscle and cardiopulmonary function, control weight and maintain good posture; (6) Aesthetic: the places where individuals participate in leisure activities are more satisfactory if the environment is beautiful, and make the leisure experience more interesting and pleasant.

The relationship between leisure satisfaction and leisure attitude, leisure motivation, leisure barriers, and other variables has long attracted the attention of scholars at home and abroad. Choi et al. (2017) found that leisure motivation and leisure attitude have a direct impact on leisure satisfaction respectively, and pointed out that there is a typical correlation between leisure attitude and leisure motivation; Soos et al. (2019) found that leisure attitude and leisure motivation are important factors affecting teenagers’ leisure behavior, and leisure attitude is its internal psychological factor, which is exposed externally through the stimulation of leisure motivation. Sukys et al. (2019) investigated college students and found that the correlation between leisure attitude and leisure barriers reached a significant level and was negatively correlated, while it was significantly positively correlated with leisure satisfaction. The higher the leisure identity, the higher the satisfaction from leisure experience. Hainey et al. (2013) found that leisure attitude and leisure motivation are important factors affecting teenagers’ leisure behavior. Leisure attitude is its internal psychological factor, which is exposed through the stimulation of leisure motivation. Zheng (2008) found that there was a significant negative correlation between leisure attitude and leisure barriers; Pu and Xu (2015) found that there is a significant positive correlation between leisure attitude and leisure satisfaction. Those who hold a higher leisure attitude can get higher leisure satisfaction from leisure experience; Wen (2019) found that leisure attitude has a direct and positive impact on leisure satisfaction, and believes that leisure satisfaction is the psychological satisfaction of leisure experience obtained by individuals engaged in leisure activities based on their attitude toward leisure. Chen (2019) found that leisure barriers are negatively correlated with leisure satisfaction. When leisure barriers increase, the satisfaction obtained from leisure decreases. Zhang et al. (2012) research proposed that the intensity of an individual’s motivation to engage in leisure is easily affected by barriers. If he thinks that engaging in leisure may be disturbed, his leisure intention and behavior will also be affected.

To sum up, it is not difficult to find that attitude plays an important role in the formation of personal behavior. It is very necessary to enable middle school students to adjust their study and life through leisure activities and improve their cognition of leisure activities. By establishing a correct leisure attitude, we can achieve substantial results in the formation of leisure experience; Leisure motivation is the internal driving force to promote and maintain people’s activities. Understanding the reasons and motivation of individuals engaged in leisure activities can obtain the psychological motivation and tendency of individuals engaged in leisure activities. The stronger the leisure motivation, the higher the frequency of leisure participation; Leisure barriers is a factor affecting individuals to engage in leisure activities. The frequency of leisure participation and leisure barriers are negatively related, and leisure satisfaction is a positive psychological result after engaging in leisure activities, providing fascinating and unforgettable leisure experience. At present, although many scholars at home and abroad have discussed teenagers’ leisure attitude, leisure motivation, and leisure barriers, few scholars have a comprehensive and in depth understanding of the relationship between leisure satisfaction and leisure attitude, leisure motivation and leisure barriers. Understanding the relevant factors and relationships affecting teenagers’ leisure behavior, properly planning their leisure life, and appropriately engaging in leisure activities will have a positive impact on Teenagers’ school life and personality growth. Based on this, this study puts forward the following four hypotheses based on previous studies: (1) there are multiple groups of typical correlation structures among leisure motivation, leisure barriers, leisure attitude, and leisure satisfaction; (2) Leisure motivation has a positive impact on leisure attitude and leisure satisfaction, while leisure attitude also has a positive impact on leisure satisfaction; (3) The influence of leisure barriers on leisure attitude is negative, and the influence of leisure motivation on leisure attitude should be higher than that of leisure motivation on leisure satisfaction; (4) Leisure attitude plays an intermediary role in leisure barriers and leisure satisfaction. At the same time, leisure attitude also plays an intermediary mechanism between leisure motivation and leisure satisfaction (see Figure 1).
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FIGURE 1. Hypothetical diagram of the relationship among leisure motivation, barriers, attitude and satisfaction.




SUBJECTS AND RESEARCH DESIGN

First, junior high schools and senior high schools in Chengdu are stratified according to different districts, and then 5 schools are selected by random sampling. Each school is divided into grade 1 and grade 2 of junior middle school and grade 1 and grade 2 of senior high school (Note: considering the graduation class, grade three of junior middle school and senior high school are not the objects of the questionnaire). Students at each level are randomly selected for the questionnaire survey. A total of 2550 questionnaires are sent out, 2351 are recovered, and 102 invalid questionnaires are excluded, with an effective recovery rate of 88%. See Table 1 for sample distribution.


TABLE 1. Statistical table of sample distribution in different regions.
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Research Methods


Questionnaire Survey Method

The whole questionnaire consists of basic data of subjects and four scales: The basic data of the subjects include gender, age, grade of study, accommodation, monthly discretionary funds for leisure activities, average academic achievement, and family residence. Among the four scales, The measurement of leisure attitude is compiled by Wei and Liu (2013), which is divided into three dimensions with a total of 16 items, namely leisure cognition (e.g., leisure activities are beneficial to personal health), leisure behavior (e.g., I often engage in leisure activities) and leisure emotion (e.g., my leisure activities are novel and interesting); The leisure motivation scale is compiled by Wang (2007), which contains 4 dimensions and 21 items in total, namely, develop intelligence (e.g., I participate in leisure to stimulate imagination or cultivate creativity), social skills (e.g., I participate in leisure to establish and maintain good friendship), competent and skilled (e.g., I want to gain a sense of achievement by participating in leisure activities) And stimulus escape (e.g., I participate in leisure activities to escape crowded and noisy daily life); The leisure barriers scale was compiled by Zhao (2003), which contains three dimensions and 17 items in total, namely internal obstacles (for example, I am too shy and introverted to engage in leisure activities), internal barriers (for example, people I know usually don’t have good skills, so they can’t engage in leisure activities with me), and junction observation (for example, if I have transportation, I am more likely to engage in leisure activities); The leisure satisfaction scale was compiled by Chen (2008), which contains 6 dimensions and 25 items in total, namely mental health (for example, participating in leisure activities makes me very interested), education happy (for example, participating in leisure activities can increase my knowledge), social satisfaction (for example, participating in leisure activities can give me opportunities to interact socially with others), pressure relief (for example, participating in leisure activities can help me relax my body and mind) Physical health (for example, participating in leisure activities can help me recover my strength) and field aesthetic feeling (for example, participating in leisure activities can let me enjoy the beauty of nature). The five-point Likert-scaled items are adopted for the above scales, which are divided into very disagree, disagree, uncertain, agree, and very agree, with 1 to 5 points respectively.



Questionnaire Validity and Reliability

On March 15, 2019, this study selected two classes in Chengdu Shishi middle school and Jinniu middle school respectively, distributed 300 questionnaires, recovered 278 questionnaires, deducted 12 invalid questionnaires and 266 valid questionnaires. The validity and reliability of the questionnaire were tested and corrected based on the pre-test. The formal investigation was completed from September 15 to 30, 2019.

Table 2 shows:


TABLE 2. Validity and reliability test of attitude, motivation, hindrance, and satisfaction scale of leisure activities.
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Exploratory factor analysis (EFA) showed that the sports leisure attitude scale with 16 items was suitable for factor analysis (KMO = 0.87, Bartlett’s test for sphericity p < 0.001), and three common factors could be extracted, and the corresponding Cronbach’ α coefficients were 0.84, 0.81, and 0.83 respectively. In addition, the overall scale α coefficient = 0.85; Confirmatory factor analysis (CFA) showed that the fitness indexes AGFI, CFI, NFI, and IFI were 0.92, 0.95, 0.93, and 0.91, which were all greater than the standard of 0.90, RMSEA = 0.03 (less than 0.05, with good adaptation); In addition, the combined reliability of the three common factors (potential variables) is more than 0.79, which shows that the scale has good reliability and validity.

Exploratory factor analysis showed that the leisure motivation scale with 21 items was suitable for factor analysis (KMO = 0.78, Bartlett’s test for sphericity p < 0.001). The scale could extract 4 common factors, corresponding to Cronbach’ α coefficient is between 0.79–0.85, and the overall scale α Coefficient = 0.88; Confirmatory factor analysis showed that the fitness indexes AGFI, CFI, NFI, and IFI were 0.91, 0.92, 0.92, and 0.93, which were all greater than the standard of 0.90, RMSEA = 0.04 (less than 0.05, good adaptation); In addition, the combined reliability of the four dimensions (potential variables) is more than 0.81, which shows that the reliability and validity of this scale are good.

Exploratory factor analysis showed that the leisure barriers scale with 17 items was suitable for factor analysis (KMO = 0.85, Bartlett ball test p < 0.001). The scale could extract three common factors, corresponding to Cronbach’ α coefficient is between 0.82–0.86, and the overall scale α Coefficient = 0.85; Confirmatory factor analysis showed that the fitness indexes AGFI, CFI, NFI, and IFI were 0.94, 0.90, 0.91, and 0.93, which were all greater than the standard of 0.90, RMSEA = 0.02 (less than 0.05, good adaptation); In addition, the combined reliability of the three dimensions (potential variables) is more than 0.79, which shows that the reliability and validity of this scale are good.

Exploratory factor analysis showed that the leisure satisfaction scale with 25 items was suitable for factor analysis (KMO = 0.82, Bartlett’s test for sphericity p < 0.001). The scale could extract 6 common factors, corresponding to Cronbach’ α coefficient is between 0.81–0.86, and the overall scale α Coefficient = 0.84; Confirmatory factor analysis showed that the fitness indexes AGFI, CFI, NFI, and IFI were 0.91, 0.93, 0.95, and 0.92 in order, which was all greater than the standard of 0.90, RMSEA = 0.03 (less than 0.05, good adaptation); In addition, the combined reliability of the six dimensions (potential variables) is more than 0.81, which shows that the reliability and validity of this scale are good.




Mathematical Statistics

Canonical correlation analysis is a statistical method used to test the correlation degree between one group of control variables and another group of criterion variables. It aims to find the maximum correlation between the linear combination of control variables and the linear combination of criterion variables. Therefore, canonical correlation analysis tests the canonical correlation combination of multiple criterion variables and multiple control variables, Canonical correlation analysis can produce a combination of significant and insignificant canonical correlation. Generally, it can provide the following basic information: one is the typical correlation coefficient can reflect the correlation degree between the linear combination of control variables and the linear combination of standard variables. The typical correlation coefficient must reach a significant level to represent the significant correlation between the two groups of linear combinations. The second is the judgment coefficient (i.e., the square value of typical correlation coefficient R). It means that the typical factors of the standard variable can be explained by the typical factors of the control variable (not less than 10%). The third is the structural coefficient (typical load). It is intended to control the correlation between the variable and the criterion variable to their respective typical linear combinations. The absolute value of the coefficient must be more than 0.30 to explain that their respective typical linear combinations have explanatory power.

SPSS17.0 and Amos version 17.0 statistical analysis software were used to statistically process the survey data by using the methods of canonical correlation analysis, exploratory factor analysis (EFA) and confirmatory factor analysis (CFA). Explore and calculate the mediating effect of physical activity according to the bootstrap method (Liu et al., 2017). In this study, non-parametric percentile bootstrap was used to test the significance of mediating effect. The original data were sampled 2000 times and 95% confidence interval (CI) was estimated. Firstly, it is judged that the indirect effect does not contain 0 within the 95% confidence interval and reaches a significant level, indicating that there is an intermediary effect. At this time, if the direct effect contains 0 within the 95% confidence interval, it means that the direct effect is not significant and is a complete intermediary effect; If the indirect effect and direct effect do not include 0 in the 95% confidence interval, both reach a significant level, and the total effect does not include 0 in the 95% confidence interval, reaching a significant level, it is a partial intermediary effect. The significance level of all indicators was set as α = 0.05.




RESULTS


Analysis of the Typical Relationship Among Teenagers’ Leisure Barriers, Attitudes, Motivation, and Satisfaction

Figure 2 shows that there are six groups of typical correlations among leisure barriers, leisure attitude, leisure motivation, and leisure satisfaction:
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FIGURE 2. Typical correlation among leisure motivation, attitude, barriers, and satisfaction.


The first canonical correlation reflects the relationship between leisure attitude (control variable) and leisure barriers (criterion variable). The canonical correlation coefficient r = 0.44∗∗ and reached a significant level, and the determination coefficient R2 = 0.194, indicating that the canonical factors in the control variable group can explain 19.4% of the total variation of canonical factors in the standard variable group (exceeding the minimum standard of 10%). In the control variable group, leisure cognition, leisure behavior, and leisure emotion were highly correlated with leisure attitude, and the typical factor loads were 0.90, 0.88, and 0.75 respectively. Therefore, it can be considered that leisure attitude affects leisure barriers through leisure cognition, behavior, and emotion in its variable group, while the variables highly related to leisure barriers are internal barriers and structural barriers, and the corresponding loads are −0.68 and −0.87 in turn; From the positive and negative signs of factor load, the relationship between the two is reversed.

The second group of canonical correlation reflects the relationship between leisure barriers (control variable) and leisure motivation (criterion variable). Its canonical correlation coefficient r = 0.49∗∗ and reaches a significant level, and its determination coefficient R2 = 0.24, indicating that the canonical factors in the control variable group can explain 24% of the total variation of canonical factors in the criterion variable (exceeding the minimum standard of 10%). In the control variable group, intrinsic and structural barriers have a high correlation with leisure barriers, and their typical factor loads are −0.68 and −0.87 respectively. Therefore, it can be considered that leisure barriers mainly affect leisure motivation by the intrinsic and structural barriers in the variable group, while the variables highly correlated with leisure motivation are the development of intelligence, social skills, proficiency, and stimulus avoidance, The corresponding loads are −0.74, −0.63, −0.79, and −0.89; From the positive and negative signs of factor load, the relationship between the two is in the same direction.

The third group of canonical correlations reflects the relationship between leisure motivation (control variable) and leisure attitude (criterion variable). The canonical correlation coefficient r = 0.67∗∗, reaching a significant level, and the determination coefficient R2 = 0.45, indicating that the canonical factors in the control variable group can explain 45% of the total variation of canonical factors in the standard variable (exceeding the minimum standard of 10%). Among the control variables, the development of intelligence, social skills, competence, proficiency, and stimulus avoidance is highly correlated with leisure motivation, and the typical factor loads are 0.65, 0.72, 0.85, and 0.66 respectively. Therefore, it can be considered that leisure motivation affects leisure attitude through the development of intelligence, social skills, competence, proficiency, and stimulus avoidance, while the variables highly correlated with leisure attitude are leisure cognition The corresponding loads of behavior and emotion were 0.90, 0.88, and 0.75 respectively; From the positive and negative signs of factor load, the relationship between the two is in the same direction.

The fourth group of canonical correlation reflects the relationship between leisure barriers (control variable) and leisure satisfaction (criterion variable). Its canonical correlation coefficient r is 0.29∗∗, reaching a significant level, but the determination coefficient R2 is only 0.08, indicating that the canonical factors in the control variable group can only explain 8% of the total variation of canonical factors in the criterion variable and fail to reach the minimum standard of 10%. Therefore, it can be considered that the correlation between leisure barriers and leisure satisfaction is weak, and the impact on each other is limited.

The fifth group of canonical correlation reflects the canonical correlation between leisure motivation (control variable) and leisure satisfaction (criterion variable). Its canonical correlation coefficient r = 0.77∗∗ and reaches a significant level, and the determination coefficient R2 = 0.59, indicating that the canonical factors in the control variable group can explain 59% of the total variation of the canonical factors of the criterion variable (exceeding the minimum standard of 10%). In the control variable group, the development of intelligence, social skills, competency proficiency, and stimulus avoidance is highly correlated with leisure motivation, and the typical factor loads are −0.79, −0.71, −0.89, and −0.73 respectively. Therefore, it can be considered that leisure motivation affects leisure satisfaction through the four dimensions of development intelligence, social skills, competency proficiency, and stimulus avoidance in the variable group, The variables highly correlated with leisure satisfaction were mental health, educational pleasure, social satisfaction, stress relief, physical health, and site aesthetics, and the corresponding loads were −0.66, −0.76, −0.62, −0.87, −0.75, and −0.55 respectively; From the positive and negative signs of factor load, the relationship between the two is in the same direction.

The sixth group of canonical correlation reflects the relationship between leisure attitude (control variable) and leisure satisfaction (criterion variable). The canonical correlation coefficient r = 0.61∗∗, reaching a very significant level, and the determination coefficient R2 = 0.37, indicating that the canonical factors in the control variable group can explain 37% of the total variation of canonical factors in the standard variable group (exceeding the minimum standard of 10%). In the control variable group, leisure cognition, behavior, and emotion are highly correlated with leisure attitude, and their typical factor loads are −0.91, −0.87, and −0.84, respectively. Therefore, it can be considered that leisure attitude affects leisure satisfaction through cognition, behavior, and emotion in the variable group, while the variables highly correlated with leisure satisfaction are mental health, social satisfaction, physical health, and site aesthetics, The corresponding loads are −0.88, −0.50, −0.46, and −0.75; From the positive and negative signs of factor load, the relationship between the two is in the same direction.


Structural Equation Model Analysis of Leisure Barriers, Motivation, Attitude and Satisfaction Structural Model Verification

Table 3 shows:


TABLE 3. Statistical table of fitness test for model evaluation (*P < 0.05, indicating that the model is not suitable; P > 0.05, indicating adaptation).
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From the results of absolute fit test: the initial mode absolute fit index x2 = 81.01, X2/DF = 9.17, P = 0.000 < 0.05, indicating that the covariance matrix of the hypothetical model is not well matched with the observed data (generally, the value of x2/DF should be between 1 and 3); GFI = 0.817 (> 0.90 is the adaptation), AGFI = 0.808 (> 0.90 is the adaptation), RMSEA = 0.341 (generally, RMSEA < 0.05 is excellent, and 0.05 ∼ 0.08 is good). From the value-added adaptation test results, NFI = 0.787 (adaptation > 0.90), IFI = 0.801 (adaptation > 0.90), CFI = 0.830 (adaptation > 0.90), RFI = 0.785 (adaptation > 0.90). In short, whether absolute fit or Increment fit test, the initial correlation model of this study is not well matched with the actual data, so the correlation model must be corrected.

According to the path suggested by the correction index in the initial model, this study modifies the initial model with the original theoretical framework and adds the covariance relationship between the measurement index error terms (e2-e5, e1-e8, e2-e4, e11-e6, e1-e6, e2-e9) one by one. The results show that the absolute adaptation index of the modified model is X2 = 5.88, X2/DF = 1.89, P = 0.081 > 0.05, indicating that the covariance matrix of the model is adapted to the observed data (X2/DF = 1.78 is adapted between 1 and 3); GFI = 0.925 (> 0.90 for adaptation), AGFI = 0.930 (> 0.90 for adaptation), RMSEA = 0.054 (good at 0.05∼0.08). From the increment fit test results, NFI = 0.932 (adaptation > 0.90), IFI = 0.941 (adaptation > 0.90), CFI = 0.934 (adaptation > 0.90), RFI = 0.945 (adaptation > 0.90). It can be seen that the initial correlation model of this study is well adapted to the actual data after correction (see Figure 3).
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FIGURE 3. Overall structural equation model of leisure barriers, motivation, attitude, and satisfaction.





Analysis of the Dual Mediating Role of Leisure Attitude

Figure 3 shows in combination with Table 4:


TABLE 4. Analysis of leisure attitude as a dual intermediary effect.
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The indirect effect of leisure motivation on middle school students’ leisure satisfaction is 0.22∗∗, which is very significant. The confidence interval of 0.102∼0.411 does not contain zero, while the direct effect of leisure motivation on leisure satisfaction = 0.60∗∗, which is very significant. The confidence interval of 0.326∼0.781 does not contain zero. At the same time, the total effect of leisure motivation on leisure satisfaction = 0.82∗∗ and the confidence interval of 0.501∼0.902 also does not contain zero, This fully affirms that leisure attitude plays a partial intermediary role between leisure motivation and leisure satisfaction. The other path is the impact of leisure barriers on leisure satisfaction, in which the indirect effect of leisure barriers on leisure satisfaction is −0.07∗∗, reaching a significant level, with a confidence interval of −0.158 ∼−0.008, obviously excluding zero, while the direct effect of leisure barriers on middle school students’ leisure satisfaction = 0.01, not significant, with a confidence interval of −0.109∼0.159, obviously including zero. Therefore, we can judge that leisure attitude plays a complete intermediary role between leisure barriers and leisure satisfaction.

It can be further found from Figure 3 that the value of the judgment coefficient of the impact of leisure motivation and leisure barriers on middle school students’ leisure attitude is R2 = 0.41, which shows that 41% of the variation of middle school students’ leisure attitude can be explained by leisure motivation and leisure barriers. Among them, the impact of leisure motivation on leisure attitude is positive, and the explanation strength is about 46% (from the standardized path coefficient r = 0.68∗∗, 0.68 × 0.68 = 0.46), while the impact of leisure barriers on leisure attitude is negative, and the explanation is about 5% (from the standardized path coefficient r = −0.23∗∗, 0.23 × 0.23 = 0.05), the influence of leisure motivation on leisure attitude is significantly higher than that of leisure barriers. In the influence of leisure motivation, leisure barriers, and leisure attitude on middle school students’ leisure satisfaction, the judgment coefficient R2 = 0.62, which shows that 62% of the variation of middle school students’ leisure satisfaction can be explained by the direct or indirect influence of leisure motivation, leisure barriers, and leisure attitude. The direct influence of leisure motivation, leisure barriers and leisure attitude on leisure satisfaction was 36% (0.60 × 0.60 = 0.36), 10% (0.32 × 0.32 = 0.10), 1% (0.11 × 0.11 = 0.01) respectively, intermediary I influence 22% (0.68 × 0.32 = 0.22), the influence of complete mediation II is negative, and the size is 7% (−0.23 × 0.32 = −0.07). The overall influence is positive (direct influence + indirect influence), and the size is 62%.




DISCUSSION

In the first group of canonical correlations, the absolute values of the structural coefficients of the control variables’ leisure attitude are more than 0.70, indicating that each control variable has a high degree of correlation with leisure attitude; In the criterion variable leisure barriers, except interpersonal barriers, the absolute values of the structural coefficients of personal internal barriers and structural barriers are greater than 0.6. It can be seen that leisure cognition, behavior, and emotion are the main factors affecting personal internal barriers and structural barriers. That is, the subjects’ cognition, feeling, and preference for leisure activities and experience, as well as all their leisure behavior patterns, It will affect their personality traits and mental state, leisure preferences, and leisure participation. In addition, from the perspective of leisure attitude, the structural coefficient symbols of each control variable and each leisure barriers criterion variable are reversed, indicating that the better the subjects’ leisure attitude, the lower the barriers they encounter in leisure. This conclusion is the same as Kyunghyun et al. (2017) and Tan (2017). Figure 2 of the structural model clearly shows that leisure barriers have a certain negative impact on leisure attitudes, and the standardized path coefficient is −0.23∗∗, which also supports the research results of Sylvester et al. (2018). However, the results of this study do not support the findings of Hofer et al. (2011) that leisure barriers may not completely limit individuals’ leisure attitude (behavior) but do affect individuals’ choices and experience in participation. If individuals have high intrinsic motivation for leisure, they can try to overcome difficulties and achieve leisure needs even in the face of leisure barriers. Therefore, this result needs further research in the future. 28–29.

The second group of canonical correlation showed that among the control variables, individual internal barriers and structural barriers were closely related to typical factors leisure barriers, among which structural barriers had the best correlation (r = −0.87); In terms of the criterion variable leisure motivation, the absolute value of the structure coefficient of each dimension is greater than 0.6, and the correlation between stimulus avoidance and leisure motivation is the highest (r = −0.89). This typical relationship reveals that personal internal obstacles and structural obstacles significantly affect leisure motives such as developing intelligence, social skills, competence, proficiency, and stimulus avoidance. Since the structural coefficients of each dimension of leisure barriers and leisure motivation are negative, the correlation coefficients of the two are shown in Figure 3 of the structural equation (r = 0.35∗∗), so it is certain that the lower the degree of leisure barriers suffered by teenagers, the lower their motivation to engage in leisure. This result also does not support the view of scholar Tan (2017). Perhaps leisure barriers does not only interfere with leisure behavior, but may have a positive interaction with the feeling of happiness and satisfaction brought by leisure. Arie and Tal (2013) pointed out that leisure barriers can not only promote and form leisure experience, but also become the driving force to stimulate leisure and promote the positive feeling of leisure. If individuals simply remove leisure barriers in the process of leisure, it will have a negative impact on the formation of leisure experience.

The third canonical correlation shows that the development of intelligence, social skills, competence, proficiency and stimulus avoidance in the variable group of leisure motivation are highly correlated with them (r exceeds 0.65), while the factor load of structural factors cognition, behavior and emotion of leisure attitude in the variable group exceeds 0.74, and the symbol of factor load of leisure motivation and leisure attitude is the same direction. Figure 3 of the structural model shows that leisure motivation has a very high direct impact on leisure attitude (β = 0.68∗∗). This fully affirms that the higher the individual’s leisure motivation, the stronger their leisure attitude. This result is consistent with the research findings of McDavid et al. (2014) and Seghers et al. (2014). In addition, Axel (2013) took teenagers as the research object and found that leisure attitude and leisure motivation are important factors affecting their leisure behavior. Leisure attitude is an internal psychological factor, which is revealed in appearance through the stimulation of leisure motivation; Namho et al. (2014) put forward the hierarchical model of internal and external motivation according to self-determination theory and relevant research, which also indicates that different motivation forms will affect individual cognition, emotion, and behavior. Therefore, the significant positive relationship between leisure motivation and leisure attitude should be confirmed.

The fourth canonical correlation means that the canonical correlation between leisure barriers and leisure satisfaction is not strong (r = 0.287∗∗) and the structural model Figure 3 also shows that the causal relationship is weak (β = 0.11), but it can harm leisure satisfaction through leisure attitude, which is consistent with the research results of Zhang and Yi (2013). However, previous studies on leisure barriers focused on the results of individuals’ non-participation in leisure activities caused by their cognition of leisure barriers. That is, leisure barriers is the reason why personal perception or experience is hindered or affected to engage in leisure activities. Leisure barriers does not necessarily lead to the result of not participating in leisure activities but may affect personal leisure preferences and change leisure participation. Therefore, leisure barriers is related to an individual’s ability to deal with barriers when successfully engaging in leisure and has an impact on leisure attitude (Zhang et al., 2017). It seems that in the process of leisure, facing the leisure barriers and paying for it, leisure satisfaction is not completely negative. It is necessary to conduct follow-up research to explore the linear relationship between the two variables.

The fifth group of canonical correlation shows that among the control variables of leisure motivation, the absolute values of the structural coefficients of developing intelligence, social skills, competence and skill, and stimulus avoidance are greater than 0.75, indicating that each dimension of the control variable is highly correlated with leisure motivation, and the absolute values of each dimension and its structural coefficient of leisure satisfaction are also greater than 0.65, so it is considered that intellectual development Leisure motivation structures such as social skills, competence and proficiency, and stimulus avoidance can significantly affect the six dimensions of leisure satisfaction. Figure 3 of the structural model further confirms the direct influence of leisure motivation on leisure satisfaction, and the standardized path coefficient is β = 0.60∗∗. That is, to improve intelligence, establish interpersonal relationships and gain respect from others, and challenge the limits to achieve various skills, individuals often need to escape or stay away from the overstimulated life state, and leisure sports are the most suitable. Through leisure participation, we can benefit from personal psychology, obtain good social interaction with others, help understand others and surrounding things, relieve excessive life and academic pressure, develop physical fitness and obtain the best health methods.

The sixth canonical correlation shows that in the leisure attitude variable group, leisure cognition, behavior, and emotion are highly correlated with leisure attitude (r more than 0.80), while leisure satisfaction is only highly correlated with mental health, aesthetic feeling, physiological and social satisfaction. The sign of the load of the two factors shows the same direction, which shows the subjects’ cognition of leisure activities and experience Feelings and preferences and all leisure behavior patterns will affect their leisure preferences and interest tendencies in open space and natural beauty, building interpersonal interaction and leisure activities. This is consistent with the research results of Badia et al. (2011) and Kono et al. (2021), that is, teenagers who hold a highly recognized leisure attitude toward leisure can get higher leisure satisfaction from their leisure experience. Figure 3 shows that the direct influence of leisure attitude on leisure satisfaction is low (β = 0.32∗∗). According to Hamm and Yun (2018), among the three dimensions of leisure cognition, behavior, and emotion, leisure behavior has the lowest score, and perceived benefits cannot effectively predict physical activity behavior. It is further pointed out that sports benefits do not necessarily lead to physical activity behavior. It can be seen that high attitude may only lead to high cognition and emotion, which may not lead to leisure activity “behavior”, That is, subjects cannot experience leisure fun without taking action, and satisfaction is naturally limited, which may be part of the reason why leisure attitude has a little direct effect on leisure satisfaction.

The overall structure model of leisure motivation, barriers, attitude, and satisfaction (Figure 3) shows that leisure motivation is the most important pre-variable. Through leisure attitude, leisure motivation has a significant impact on leisure satisfaction. Leisure attitude plays an important intermediary role. However, the joint explanation variation of leisure motivation and leisure barriers on leisure attitude is 41%, but the impact of leisure barriers on leisure attitude is negative. It can be seen that leisure motivation plays a dominant and dominant role in the impact of leisure attitude. For example, Mackenzie et al. (2018) pointed out that the internal motivation of leisure is the tendency of individuals to seek internal reward from leisure behavior, and it is the internal force that triggers individuals to engage in leisure activities. Zhang (2008) pointed out that leisure provides many benefits, which can adjust stress, provide positive mood, reduce negative emotion and physiological mechanisms. When individuals perceive the benefits of leisure, the internal motivation of leisure is born, because the benefits of leisure will promote individuals to participate in leisure activities, It leads to a positive relationship between leisure interests and leisure intrinsic motivation. In other words, if leisure participants can have a good experience in the process of activities, they can not only enhance their interest and love of leisure activities but also be more willing to continue to participate. When individuals have stronger leisure motivation, their leisure experience will be better, and leisure satisfaction will naturally increase with their personal experience. The results of this study echo these views.

From the perspective of the joint effect of the three variables of leisure attitude, leisure motivation and leisure barriers on leisure satisfaction, the joint explanation variation is 62%, but leisure motivation and leisure attitude are positively correlated with leisure satisfaction, while leisure barriers has a little direct impact on leisure satisfaction, while the direct impact of leisure attitude on leisure satisfaction is limited (about 10%), Therefore, it can be inferred that the main influence on leisure satisfaction is leisure motivation, which has a direct influence of 36%, and it also has an indirect influence of 22% through the intermediary of leisure attitude. As Ryan and Glendon (1998) said, leisure motivation emphasizes that individuals seek the most ideal reasons to engage in leisure to meet the needs of their internal value, such as relaxation or escape, to stimulate their motivation to participate in leisure activities. The essence of leisure satisfaction lies in the pursuit of personal choice, through the realization of personal internal leisure motivation and demand, to form the degree of satisfaction obtained by individuals engaged in leisure. Based on the important role of leisure motivation, this study suggests that at present, the decision-makers of all kinds of senior middle schools in China should pay more attention to students’ leisure education, establish a correct concept of leisure and assist in appropriate leisure planning. When students encounter barriers in leisure, they should assist students to face the barriers and strive to overcome them, to stimulate their motivation to engage in leisure, Enhance the intensity of their leisure motivation, to enhance the satisfaction of leisure.



PROBLEMS AND PROSPECTS

In order to improve and increase middle school students’ leisure satisfaction, we should make good use of the factors affecting leisure activities. The results of this study infer that as long as it can actively stimulate middle school students’ leisure motivation and help them establish a positive leisure attitude, it should improve students’ leisure satisfaction and improve their quality of life. Therefore, it is necessary to strengthen middle school students’ leisure education, establish correct leisure concepts and attitudes, emphasize leisure benefits and induce their leisure motivation.

In terms of leisure motivation, schools should add leisure facilities, beautify the leisure environment and strengthen the safety of leisure venues, which will be of positive help to students’ participation in after-school leisure; In terms of leisure barriers, we should provide leisure consulting and leisure counseling services, increase students’ leisure sports knowledge and skills through appropriate leisure sports courses and leisure sports related activities, and regularly handle leisure sports lectures, so as to reduce the increase of students’ leisure barriers, which will create a virtuous circle for the overall leisure model of teenagers (Madariag and Romero, 2016; Villar et al., 2017).

There are many factors and levels involved in the causal model affecting middle school students’ leisure. This study only discusses the causal model from the variables such as leisure attitude, leisure motivation, leisure barriers, and leisure satisfaction. However, in order to fully understand the overall picture of complex leisure model, more influencing variables should be added appropriately, When verifying similar hypothetical models in the future, we should consider adding different variables to the impact model in order to obtain more complete leisure model information.

The survey participants of this study are mainly middle school students in Chengdu in the western region. Therefore, the follow-up researchers should cover the subjects in the northern, central, southern and eastern regions of China, and expand the scope of subjects to primary school students, college students and middle-aged and elderly people, so as to make the research results more representative. In addition, this study does not measure teenagers’ real leisure time and specific leisure behavior, but indirectly involves this problem in the form of questionnaire, which needs to be discussed in depth in the future.



CONCLUSION

There are six typical correlation structures among leisure motivation, barriers, attitude, and satisfaction. Among them, leisure motivation has a significant positive correlation with leisure attitude and leisure satisfaction, and leisure attitude has a significant positive correlation with leisure satisfaction; Leisure barriers has a significant negative impact on leisure attitude, and the direct impact of leisure motivation on leisure attitude is significantly higher than that of leisure motivation on leisure satisfaction.

Leisure attitude is not only the intermediary between leisure motivation and leisure satisfaction, but also the intermediary between leisure barriers and leisure satisfaction. The variables of leisure motivation and leisure barriers can jointly explain 44% of the variation of leisure attitude, while the variables of leisure attitude, leisure motivation and leisure barriers can jointly explain 59% of the total variation of leisure satisfaction. After removing the negative effects of leisure barriers, it shows that, Leisure motivation is the determinant of leisure attitude and leisure satisfaction.

In terms of the impact of leisure motivation, barriers and attitude on leisure satisfaction, leisure motivation is the core variable, but leisure attitude plays a dual intermediary role. Therefore, it is possible that educating teenagers may establish a productive leisure attitude and improve leisure satisfaction.
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The aim of the study was to compare the acute effects of traditional resistance training and superset training on training duration, training volume and different perceptive measures. Twenty-nine resistance-trained participants (27 ± 7 years, 173 ± 9 cm, and 70 ± 14 kg) performed a whole-body workout (i) traditionally and (ii) as supersets of exercises targeting different muscle groups, in a randomized-crossover design. Each session was separated by 4–7 days, and consisted of eight exercises and three sets to failure. Training duration and number of repetitions lifted were recorded during the sessions. Rate of perceived exertion for effort (RPE), rate of perceived exertion for discomfort (RPD), session displeasure/pleasure (sPDF), and exercise enjoyment (EES) were measured 15 min after each session. Forty-eight hours after the final session participants reported which session they preferred. The superset session led to significantly higher values for RPE (1.3 points, p < 0.001, ES = 0.96) and RPD (1.0 points, p = 0.008, ES = 0.47) and tended to be higher for sPDF, i.e., more pleasurable, (p = 0.059, ES = 0.25) compared to the traditional session. There was no difference in EES (p = 0.661, ES = 0.05). The traditional session led to significantly increased training volume (4.2%, p = 0.011, ES = 0.34) and lasted 23 min (66%, p < 0.001, ES = 7.78) longer than the superset session. Eighteen of the participants preferred the superset session, while 11 preferred the traditional session. In conclusion, performing a whole-body workout as a superset session was more time-efficient, but reduced the training volume and was perceived with greater exertion for effort and discomfort than a traditional workout.

Keywords: RPE, RPD, sPDF, EES, feeling


INTRODUCTION

Improving muscular strength is associated with several health benefits and reduced risk of mortality (Jurca et al., 2004; Gale et al., 2007; Williams et al., 2007). Consequently, it is recommended to conduct resistance training 2–3 days per week for the major muscle groups (Garber et al., 2011). Still, most individuals do not follow these recommendations and lack of time is one of the most reported barriers (Hoare et al., 2017; Hurley et al., 2018). Therefore, finding time-efficient ways to perform resistance training is of great interest from both an individual and societal perspective.

A recently published review pinpointed several ways to reduce training duration when performing resistance training (Iversen et al., 2021). Iversen et al. recommended superset training as a method to substantially reduce training time. In contrast to traditional-set resistance training, where all sets of an exercise is completed before the next exercise, superset training could be defined as performing two or more exercises in succession with no, or limited, rest between them (Haff and Triplett, 2015). The exercises could target the same muscle groups, but this would primarily be relevant in a bodybuilding program with a training goal of producing high metabolic stress in a specific muscle group. However, if time efficiency is of an essence it is recommended to perform supersets that target different muscle groups. This allows for stimulating several muscle groups in shorter time, while not reducing the trained muscle groups recovery time, severely impairing performance in the next set, which would be the case if rest periods in traditional-set training were simply shortened (Iversen et al., 2021).

Performing the same work in a shorter period of time, have shown to increase the muscle fatigue (Paz et al., 2017) and blood lactate (Weakley et al., 2017) which could potentially limit the work performed in a session. Still, cross sectional studies comparing traditional resistance training to superset training where antagonists are paired, show no difference in training volume (Antunes et al., 2018) or even a higher volume for the superset training (Maia et al., 2014; Paz et al., 2017). This could be of importance since there seems to be a relationship between training volume and effects on muscle strength and hypertrophy (Schoenfeld et al., 2017; Grgic et al., 2018). Importantly, these studies (Maia et al., 2014; Paz et al., 2017; Antunes et al., 2018) are limited by only examining two exercises. When performing supersets over a whole training session, the accumulated fatigue could become more evident and result in reduced training volume.

How an activity is perceived, may be of importance for an individual regarding the choice to continue with the activity or not (Ekkekakis et al., 2005; Williams et al., 2008). As long as the rest interval are of similar length, Superset training sessions have less rest compared to traditional training sessions, due to fewer rest intervals, which in turn imposes more fatigue compared to traditional resistance training (Paz et al., 2017; Weakley et al., 2017). Consequently, it may be speculated that superset training is perceived as more exertive, discomforting and not as enjoyable as traditional training. Two cross-sectional studies have compared exertion between superset and traditional resistance training (Weakley et al., 2017, 2020). Both studies reported higher perceived exertion when conducting superset training than traditional training. However, both studies only included rating of perceived exertion (RPE). It has been recommended that RPE is accompanied by other measures, such as discomfort (Halperin and Emanuel, 2020).

We hypothesized that when performing a full body training program, superset training would lead to a reduced training volume in addition to greater levels of perceived discomfort, effort and displeasure compared to traditional resistance training among resistance trained individuals, and that superset training would be less enjoyable. Based on the hypothesis that the superset session led to higher levels of exertion and discomfort, and being less enjoyable, we expected that most participants would prefer traditional-set resistance training.



MATERIALS AND METHODS


Study Design

In this study, we used a within-subject, crossover design to compare the volume lifted and perceptive responses from a whole-body superset vs. a traditional-set resistance training session in resistance-trained individuals. The exercise program consisted of eight exercises (see Figure 1) with three sets each using ~ 9-RM loadings. The order of the sessions was randomized and counterbalanced, and all participants were required to partake in a familiarization session prior to two experimental sessions. Fifteen minutes after each session the participants were asked to report their session perception of effort, discomfort, pleasure/displeasure and enjoyment. In addition, training volume (number of repetitions lifted) and training duration were measured.

[image: Figure 1]

FIGURE 1. An overview of the traditional and the superset session. Bidirectional arrows indicate exercises performed in the same superset.




Participants

Twenty-nine adults (15 females and 14 males) volunteered to participate in the study. They were recruited through posters, personal information, meetings, and social media. For anthropometrics see Table 1. The sample size was justified by performing a priori power analysis based on previous studies expecting a difference of 1.5 in RPE between the two sessions (Weakley et al., 2017, 2020), alpha level of 0.05 and power of 0.8. The inclusion criteria for participation were being over 18 years old, having more than 1 year experience with resistance training, being familiar with and able to perform the exercises with good technique, and not having any injuries which prohibited maximal exertion. All participants had experience with supersets, but not necessarily on a regular basis. The participants agreed to refrain from alcohol and resistance training 48 h in advance of each session. They were informed orally and in writing about the procedures, and provided a written consent before being enrolled in the study. The procedures were approved by the Norwegian Centre of Research Data (ref nr 424,466) and was conducted according to the University College’s ethical guidelines.



TABLE 1. Anthropometric data and self-reported 1-RM.
[image: Table1]



Procedures

In the familiarization session anthropometrics were measured, the individual standardizations and load for the different exercises were determined (~ 9-RM) in addition to familiarizing the participants with the different scales. The intensity (9-RM) was chosen because it is in the middle of the range (6–12-RM) recommended for resistance-trained individuals (Garber et al., 2011). Since the participants were resistance trained and familiar with most of the exercises, they estimated their 9-RM in each exercise. If they were unsure, they performed sets with progressive loading in the specific exercise until they could report a specific load. Importantly, the same loads were used in both sessions. The scales were presented to the participants as a measure of the participants’ subjective experience of the sessions in turn of effort, discomfort, pleasure/displeasure, and enjoyment. Further, each scale was presented as in the experimental session (see below under measurements) and the participants were told that they should answer with the value representing their subjective assessment for that specific affection.

The two experimental sessions were conducted in a randomized order with 2–5 days between the sessions. In the beginning of each session, participants conducted a standardized warm-up consisting of two sets of deadlift, bench press, squat, and seal row. The first set consisted of six reps at 50% of the self-reported 9-RM and the last set consisted of six reps at 80% of self-reported 9-RM. The rest interval between each set was 90 s. After the final warm-up set the participants had 2 min rest before the session started. Three sets were conducted for each exercise using the same self-reported 9-RM load. In the traditional session, each set in one exercise was completed before a rest interval (2 min) while in the superset session two consecutive exercises (one set from each) were conducted immediately after each other before a similar rest interval (2 min). Otherwise, the sessions were equal. The resistance training program was a full-body program, consisting of eight exercises (see Figure 1 for an order of exercises and overview of the sessions). Training duration and training volume, defined as number of repetitions, were recorded during both sessions. Fifteen minutes after each session, participants were asked how they perceived the session related to effort, discomfort, pleasure/displeasure, and enjoyment. Forty-eight hours after the last session, participants were asked which of the two sessions they would use as their regular training routine, and the main reason for that choice.

The participants were instructed to complete as many repetitions as they could (i.e., until failure) in each set. The repetitions had to be performed continuously throughout the set, with a self-selected but controlled tempo (e.g., no bouncing allowed). The same test leader was present in all sessions for each individual to control that the standardizations noted in the familiarization-session were used, and to ensure that the execution of repetitions was as identical as possible within the set and between the sessions. Furthermore, the test leader kept track of time used in each session, counted the repetitions in each set, observed that the sets were at or close to failure and presented the scales to the participants. If the test leader perceived that the sets were not performed at or close to failure, he was instructed to remind the participants to complete as many repetitions as they could in each set. Of note, this was not needed during the data collection. To avoid distractions and keep the settings as similar as possible between sessions, all sessions were conducted in a lab with only one participant and the test leader present at the time. Of note, the participants had a minimum of 1 year of resistance training experience (average 8.4 years) and most of them were familiar with the exercises.



Measurements

How the participants perceived the two sessions was assessed through four different scales. None of the participants had any previous experience with the scales. The scales were shown to the participants in the same order as listed below, 15 min after completing the last set. The participants were instructed to consider the whole session when giving their answers. All scales were shown to the participants while the test leader read the question to them (also listed on top of the scales). The scales were translated from the original forms to Norwegian. Prior to the study, three of the authors (AHS, HP, and VA) translated the scales independently before comparing, discussing, and agreeing on the final versions. These versions were then translated back to English by a professional. The new English versions were then compared with the originals. In general, there were only minor differences between the versions, which were adjusted after mutual agreement.

The perception of exertion was differentiated into effort and discomfort (Steele et al., 2016). Effort was measured using The rating of perceived exertion for effort scale (RPE), while discomfort was measured using the rating of perceived exertion for discomfort scale (RPD) (Fisher and Steele, 2017). Both scales consist of 11-items and ranges from no effort/discomfort to maximal effort/discomfort. Based on recent recommendations (Halperin and Emanuel, 2020), the RPE scale was presented to the participants with the following phrase: “How much of your perceived physical capacity out of your perceived maximum (10 being your maximum) did you invest to complete this workout?.” The upper and lower limit were anchored by the following sentence “0 can be described as sitting still during the whole session while 10 would be maximal effort using your maximal physical capacity throughout the whole session.” The RPD scale was presented with the following phrase: “Based on the completed session, how much discomfort did you feel? The scale ends at 10 which could be described as you could not imagine the sensations relating to physical activity being any more intense?” (Steele et al., 2016). The upper and lower limit were anchored by the following sentence “0 can be described as feeling no noticeable sensation relating to the training while 10 would be the most intense training related sensation you could imagine.”

The perceived pleasure/displeasure with the session was measured using the session pleasure/displeasure feelings scale (sPDF). The scale is a bipolar 11-point scale stretching from −5 (very bad) to 5 (very good), where 0 is considered neutral. The sPDF scale was presented with the following phrase: “How was your workout?” (Ribeiro et al., 2019). The upper and lower limit were anchored by the following sentence “-5 can be described as perceiving the session as one of the worst/least pleasurable training sessions you have ever conducted while 5 would be one of the best/most pleasurable training sessions you have ever conducted.” How much the participants enjoyed the sessions was measured using the exercise enjoyment scale (EES). The scale range is 1 (not at all)–7 (extraordinary). The scale was presented with the following question “How much did you enjoy the exercise session?” (Schwartz et al., 2021). The upper and lower limit were anchored by the following sentence “1 can be described as perceiving the session as one of the least enjoyable training sessions you have ever conducted while seven would be one of the most enjoyable training sessions you have ever conducted.”

Forty-eight hours after the last experimental session, the participants were contacted by e-mail and asked the following questions “If you had to choose one of the two training sessions as your regular training session, which would you prefer, and what is the main reason for this choice?.” The participants answered by replying to the mail. The answers were aggregated and grouped based on the underlying theme of the explanation.



Statistical Analysis

The statistical analyses were performed using SPSS (IBM Corp. Released 2020. IBM SPSS Statistics for Windows, Version 27.0. Armonk, NY: IBM Corp). For the ordinal variables (RPE, RPD, sPDF and EES) the Wilcoxon signed rank test was used to compare the data between the sessions. The data regarding training duration and training volume (number of reps) was checked and confirmed for normality by visual inspection. Paired t-tests were used to assess differences between the two sessions. All results are presented as means ± standard deviations and Cohen’s d effect size (ES). ES was calculated using the following equation: mean pre-mean post divided by the pooled standard deviations of the two. Effect size was interpreted as 0.2 < d < 0.5 small; 0.5 < d < 0.8 medium, d ≤ 0.8 large (Cohen, 1988). Statistical significance was accepted at p ≤ 0.05.




RESULTS

The total number of repetitions conducted in the traditional session was 4.2% greater than the superset session (227 ± 29 vs. 218 ± 26 repetitions, p = 0.011, ES = 0.34, Table 2) while the training duration was 66% longer (58 ± 3 vs. 35 ± 3 min, p < 0.001, ES = 7.78).



TABLE 2. Accumulated number of repetitions for three sets using ~ 9RM loading for each exercise.
[image: Table2]

The RPE was in average rated 1.3 points higher (Z = −3.845, p < 0.001, ES = 0.96, Table 3) and the RPD 1.0 point higher (Z = −2.671, p = 0.008, ES = 0.47) in the superset compared to the traditional session. Although not significantly different, there was a statistical trend for perceiving the superset session more pleasurable than the traditional session (Z = −1.891, p = 0.059, ES = 0.25). There was no significant difference in EES between the different sessions (Z = −0.440, p = 0.661, ES = 0.05).



TABLE 3. Perceptive measures for the traditional and superset session.
[image: Table3]

When asked which session they would prefer as their regular training session, 18 preferred the superset session while 11 preferred the traditional session.



DISCUSSION

The aim of this study was to compare the acute effects of supersets versus traditional-set resistance training on training volume and different perceptive measures. In accordance with our hypothesis the results showed that among resistance trained individuals, a whole-body superset training session that was considerably shorter than a traditional-set training session (35 vs. 58 min), led to 4% lower training volume and resulted in greater perceptions of discomfort and effort when compared to traditional resistance training. The superset session tended to be more pleasurable, but there were no differences in enjoyment. When asked what they would prefer in regular training, 18 participants answered supersets and 11 traditional sets.

There have been some previous studies comparing training volume and perceptive responses between traditional and superset resistance training (Maia et al., 2014; Paz et al., 2017; Weakley et al., 2017, 2020; Antunes et al., 2018). Interestingly, previous studies reported that training volume was similar (Antunes et al., 2018) or even increased (Maia et al., 2014; Paz et al., 2017) when conducting two exercises in a superset compared to separately. Importantly, these studies only used two exercises (1–3 sets per exercise) focusing on less muscle mass i.e., upper body (Paz et al., 2017) and single joint exercises (Maia et al., 2014; Antunes et al., 2018). Therefore, it appears that the decrease in performance during superset training first becomes apparent when the session includes multiple exercises and/or sets. This speculation is strengthened when comparing the training volume for the first two exercises in our study. Here, we did not find any difference in number of repetitions lifted between the two sessions (difference; 1.4 repetitions, p = 0.249). To the best of our knowledge, no previous study has compared perceived discomfort between traditional resistance training and superset training, but two studies have reported effort (Weakley et al., 2017, 2020). In agreement with our findings both studies reported greater RPE after completing two (Weakley et al., 2020) or six exercises (Weakley et al., 2017) in a superset session compared to a traditional session.

The reduction in training volume could be explained by increased fatigue in the superset session. Previous studies have shown that performing two exercises in a superset increases neuromuscular fatigue (Paz et al., 2017) and metabolic (e.g., increased lactate) and endocrine (e.g., cortisol) stress responses (Weakley et al., 2017). This increased stress may also explain the difference in effort and discomfort. It has been argued that performing sets until fatigue should yield a similar response in RPE (Fisher and Steele, 2017), however, in our study the participants were asked to consider the session as a whole and not after task failure in one set. Consequently, the difference in rating between the sessions may be explained by other factors than task-failure in each set. Of note, although effort and discomfort are different perceptions, they are reported to be related (Steele et al., 2016). Therefore, the increased perception of effort and discomfort could, at least partly, explain each other. Finally, the lack of difference in enjoyment could also be explained by our population. The fact that the participants were resistance trained with an average of 8 years of training experience indicate that they in general find enjoyment in performing resistance training.

The present study has some limitations that must be addressed. First, the participants in the study were resistance trained and the findings cannot necessarily be generalized to other populations, such as elite athletes or untrained individuals. Further, although all participants were familiar with supersets in their training routine, they did not necessarily use it on a regular basis. Therefore, it may be possible that their rating on the different perception scales would have been different if they had been using supersets more often. Although the different scales were presented to the participants in the familiarization session, they were not familiar with them prior to the study. The scoring might have been different if they had had more experience with the scales. Importantly, the order of the sessions was randomized so a potential familiarization effect should be similar for both sessions. Also, the measures were only assessed after the sessions. It has been shown that people are more positive toward training after the exercise (affective rebound effect; Ekkekakis et al., 2011). Therefore, the perception of the sessions may have changed throughout the sessions.

The intensity used in the sessions (9-RM) was subjectively reported by the participants. Therefore, it may be that the intensity was not the actual 9-RM. However, the reported intensity was close to the number of repetitions they were able to perform in the 9-RM testing, and it is unlikely that the deviation between reported and actual loading effected the results. Importantly the same load was used in both sessions to allow for comparisons between the two sessions. Also, we did not measure any physiological parameters such as heart rate, lactate etc. Such information could have provided additional insights.

From a practical point of view, performing superset training seems like a viable training form for resistance-trained individuals. As long as the length of the rest intervals are the same, superset training is more time efficient and is perceived more strenuous than traditional resistance training. Importantly time-efficiency and the feeling of working hard were the two major reasons why most of the participants (62%) preferred the superset session over the traditional session. Although, the superset session reduced the training volume compared to the traditional session by 4.2% (ES = 0.34), supersets can still be considered time efficient as the duration of the session was considerably shorter. These findings may be of individual and societal interest, if they can encourage individuals who struggle to find time for resistance training.

In conclusion, among resistance trained individuals, a whole-body superset training session that was considerably shorter than a traditional-set training session (35 vs. 58 min), led to 4% lower training volume, but greater perceptions of effort and discomfort when compared to traditional resistance training. Still, the superset session tended to be more pleasurable, and was preferred by most individuals. These findings suggest that those who are concerned about time efficiency and motivated for higher levels of exertion should favor superset training.
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Motivation for bodily movement, physical activity and exercise varies from moment to moment. These motivation states may be “affectively-charged,” ranging from instances of lower tension (e.g., desires, wants) to higher tension (e.g., cravings and urges). Currently, it is not known how often these states have been investigated in clinical populations (e.g., eating disorders, exercise dependence/addiction, Restless Legs Syndrome, diabetes, obesity) vs. healthy populations (e.g., in studies of motor control; groove in music psychology). The objective of this scoping review protocol is to quantify the literature on motivation states, to determine what topical areas are represented in investigations of clinical and healthy populations, and to discover pertinent details, such as instrumentation, terminology, theories, and conceptual models, correlates and mechanisms of action. Iterative searches of scholarly databases will take place to determine which combination of search terms (e.g., “motivation states” and “physical activity”; “desire to be physically active,” etc.) captures the greatest number of relevant results. Studies will be included if motivation states for movement (e.g., desires, urges) are specifically measured or addressed. Studies will be excluded if referring to motivation as a trait. A charting data form was developed to scan all relevant documents for later data extraction. The primary outcome is simply the extent of the literature on the topic. Results will be stratified by population/condition. This scoping review will unify a diverse literature, which may result in the creation of unique models or paradigms that can be utilized to better understand motivation for bodily movement and exercise.

Keywords: physical activity, motivation, motivation states, affectively charged motivation states, urge for movement, Restless Legs Syndrome, movement disorder, groove


BACKGROUND

Physical activity, exercise and bodily movement in general, is the product of multi-factorial processes involving cognitive, emotional and motivational factors (Rhodes et al., 2019), the latter of which has become of central interest. Importantly, one's motivation for movement likely varies in the moment (Gernigon et al., 2004), just as one's actual movement behavior varies moment-by-moment (Sartini et al., 2015). Therefore, there has been a call to understand how motivation for physical activity works in the moment or right now (Stults-Kolehmainen et al., 2020, 2021). Transient desires to move or rest are driven by at least 3 main factors: (1) the preceding set of behaviors; the desire to move increases (i.e., craving rises) with prolonged sitting and decreases with excessive activity, as recently demonstrated by Stults-Kolehmainen and colleagues (Stults-Kolehmainen et al., 2021) and others (Taylor et al., 2022), (2) anticipations of pleasure and displeasure (hedonic motivation) (Williams and Evans, 2014; Rhodes et al., 2019; Williams et al., 2019) and (3) the innate drive to move (and rest) (Feige, 1976; Rowland, 1998; Garland et al., 2011), similar to thirst or hunger, that is reinforcing in and of itself. In other words, movement relieves the tension that builds with inactivity, just as drinking relieves the tension that builds with thirst. This conceptual understanding of motivation states stands in contrast to the more conventional understanding of motivation as relating to traits (e.g., “I am not a motivated person”) or enduring characteristics of a person (e.g., “Recently, I have felt ready to exercise”), goals (e.g., “I want to gain 5 pounds of muscle this Spring”), motives (e.g., “fitness”), affective and emotional antecedents (e.g., “When I feel stressed I am not physically active”), or anticipated outcomes (e.g., “Exercise makes me feel good”) (Roberts and Treasure, 2012; Stults-Kolehmainen et al., 2013; Williams and Evans, 2014; Naves-Bittencourt et al., 2015; Hoare et al., 2017; Williams et al., 2019).

Kavanagh et al. (2005) first described the concept of affectively-charged motivation states (ACMS) – desires, wants, cravings and urges – as applied to health behaviors (e.g., smoking, drinking, eating snacks, etc.). Ostensibly, desires and wants are weaker motivation states while urges and cravings feel stronger, may last longer and likely have a greater impact on behavior (Desmurget and Sirigu, 2012). Importantly, ACMS involve a physiological component - physical tension felt as discomfort, which relates directly to the craving and drives behavior to relieve these states. This is clearly relevant for movement and sedentary behaviors as both excessive sitting (i.e., deprivation of activity) and excessive physical activity (i.e., deprivation of rest), whether at work or during leisure time, prompt physical discomfort and fatigue, instigating action (Stults-Kolehmainen et al., 2020, 2021). However, concerning the notion of groove (i.e., the ability of music to motivate muscular movement), the driver is typically a positive tension, such as the motivation to go dance to a funk band on a Friday night as a form of relaxation and for enjoyment (Janata et al., 2012, 2018). In both cases, the tension is internal or endogenous to the person. However, there are also exogenous drivers of desire, such as environmental conditions (e.g., lighting, images, temperature, and nature). Another example is music that is high in groove, which induces an urge to move, irrespective of a person's initial states. In other words, absent hearing the music, the motivation or urge to move might be low (no endogenous driver), but upon experiencing a sensory signal with particular qualities, the urge to move and possible movement increases substantially. Overall, one may think of motivation states as actionable feelings - perceptual lodestones that attract attention to a behavior to move or be sedentary. Recent models of behavior demonstrate how these processes may influence cognition (Hofmann and Van Dillen, 2012) or be highly automatic, incorporating affective valuations that vary by the endogenous or exogenous nature of the stimulus (Brand and Ekkekakis, 2018).

Our group recently described how motivation states apply to movement and sedentary behaviors as proposed in the WANT model (Wants and Aversions for Neuromuscular Tasks) (Stults-Kolehmainen et al., 2020). This framework describes how desires and urges to move and rest reflect a range of motivational inputs that can result in ACMS being complementary or act in opposition. In other words, they are loosely coupled and operate asymmetrically in response to various situations and a range of stimuli, from stressful circumstances to meditation. For instance, if studying late at night, one might have a strong urge to rest or sleep, and to remain seated while studying, but one also may feel antsy, and have a strong desire to get up and move. The model also specifies aversions, dread or “diswants” for movement and rest, as in the case of abstaining from movement to avoid pain (Barke et al., 2012; Glaviano et al., 2019). While the model has yet to be rigorously tested, a significant leap forward was made when an instrument was created to facilitate measurement of motivation states for movement and sedentarism – the CRAVE scale (Cravings for Rest and Volitional Energy Expenditure) (Stults-Kolehmainen et al., 2021). The CRAVE is a 13-item survey gauging ACMS with two versions: “right now” and “over the past week”.

The WANT model and subsequent work (Stults-Kolehmainen et al., 2020, 2021) ties together a previously unconnected literature describing urges to move and other affectively-charged motivation states (ACMS). Most of the literature is predominately clinical, describing ACMS when such states are (a) highly problematic and (b) central to the disorder, such as in exercise dependence/addiction (Hausenblas and Downs, 2002), Restless Legs Syndrome (Khan et al., 2017), bipolar disorders/mania (Cheniaux et al., 2014), akathisia (i.e., intense urges to move related to drug use) (Iqbal et al., 2007), tic disorder (Sanger et al., 2010) anorexia nervosa/starvation (Keys et al., 1950; Casper, 2020; Casper et al., 2020), and terminal restlessness and agitation (Brajtman, 2003). Over 50% of individuals with eating disorders report excessive movement behaviors (Fietz et al., 2014). However, ACMS have also been extensively described in motor control, in music psychology (i.e., “groove”) (Janata et al., 2012, 2018; Madison and Sioros, 2014) and, more recently, exercise psychology (Ponnada et al., 2022; Taylor et al., 2022). Examining this diverse literature, it appears that the desire or urge to move is influenced by a number of stable characteristics (e.g., age) (Stults-Kolehmainen et al., 2021), food, drugs (e.g., caffeine, amphetamines) (Kaplan et al., 1997; Ferreira et al., 2006), and medicine (e.g., haloperidol, lurasidone and vilazodone) (Tripathi et al., 2019), and situational and environmental factors (Levitin et al., 2018).

Unfortunately, there are no systematic reviews spanning the topic apart from one conceptual development paper and narrative review that did not aim to comprehensively address the topic (Stults-Kolehmainen et al., 2020). Consequently, unknowns include: (a) the scope of the literature describing ACMS, (b) the relevance of apparently-related concepts (e.g., restlessness; appetence; psychomotor retardation), and (c) the frequency of ACMS in pertinent literatures, such as diabetes (Warren et al., 2003) and depressive disorders (Buyukdura et al., 2011). One major hindrance is a lack of an appropriate search strategy to find relevant studies in scientific databases. For instance, using “motivation”, “state*” and “physical activity” returns ~2,750 results in Web of Science. Using “movement” instead of PA results in 1,603. This investigation aims at rectifying these issues with a scoping review.



REVIEW OBJECTIVES

A scoping review is employed to determine the research landscape for a topic, particularly when no previous reviews have been conducted, the literature is highly heterogeneous and quantitative methods are difficult to utilize (Munn et al., 2018). This review aims to systematically and comprehensively investigate motivation states for human bodily movement, physical activity and exercise - examining all types of relevant research from all accessible sources. This will follow the PCC model for scoping reviews (population, concepts, and context) (Tricco et al., 2018; Peters et al., 2020).

The objectives of the review are to answer the following research questions:

1) What is the extent of the evidence for motivation states for movement (e.g., desires or urges to move) in both clinical and healthy populations - in any context?

2) What topical areas are represented in studies incorporating clinical and/or healthy populations?

3) What nomenclature is ascribed to motivation states in these content areas (e.g., “urges,” “wants” or “desires” to move; restlessness; appetence; “drive for activity”) (Casper, 2018)?

4) What descriptors are used within the current scientific literature to describe such states (e.g., the valence and/or magnitude of the feelings)?

5) What is the theoretical basis of such states, and do conceptual models exist to explain related phenomena?

6) Is a systematic review or meta-analysis feasible at this juncture (Stults-Kolehmainen and Sinha, 2014)?

This scoping review also aims to discover other pertinent details, such as how frequently these states are measured with validated instruments, correlates and mechanisms of action that may be common to or differentiate motivation states in various populations. The data analysis will be mostly descriptive, per the guidelines from Peters (Peters et al., 2020). The current approach will include quantitative and qualitative research on various motivation states (i.e., wants, desires, urges, and cravings) for physical activity.



INCLUSION CRITERIA


Types of Participants Included

Following the PCC model (Tricco et al., 2018; Peters et al., 2020), the inclusion criteria will involve all human populations in any context, as motivation states are theoretically relevant and observable across the spectrum of human experience. Included will be healthy individuals (of all ages), as well as clinical populations, such as individuals with movement disorders (e.g. Parkinson's disease, tic disorder, etc.), exercise-related disorders (i.e., dependence/addiction), etc. We may also consider animal models (Ferreira et al., 2006), such as in primates and rodents, but will not incorporate inquiries on robotics/AI.



Types of Research Included

As this is a scoping review, all types of research will be considered, including “gray literature.” There is no specific intervention of interest. It is anticipated that the database search will find a wide variety of different investigations, including retrospective and prospective observational, case-control, cohort, cross-sectional, pilot and case studies. We expect a limited number of randomized controlled trials, cross-over trials and non-randomized intervention studies. Review articles will be considered. Only full-text, English and Portuguese-language articles will be included.




METHODS


Outcomes

The scoping review seeks to answer six main questions (see above). The primary outcome is simply the extent of the literature on the topic of motivation states. Supplementary Material 1 provides information for how each question will be addressed. Wherever possible, information will be presented quantitatively (e.g., frequency, percentages). Note that we will not specifically search for ACMS for sedentary behavior in this review but will note any findings when doing the search for movement ACMS.



Procedures

A three-stage process will be utilized to identify published research articles relevant to the research question. First, an initial, limited search of databases will take place in PubMED, Scopus, Web of Science, and APA PsycInfo. This will look solely within titles and index terms in order to determine feasibility of anticipated search terms, whether new ones may be needed, and which combination of search terms (e.g., “motivation states” and “physical activity”; “urge to move”; “desire to be physically active”) captures the greatest number of relevant results. Then, a full search will be conducted searching within titles, abstracts, keywords and index terms using optimal search terms from step one. Third, if new relevant key terms are identified during the previous stages, the authors will conduct new searches. Two investigators will independently scan the literature. Studies will be included if motivation states for movement (i.e., desires, wants, cravings, and urges) are specifically addressed. Studies will be excluded based on criteria below. A charting data extraction form (see Supplementary Material 2) was developed for data extraction of all relevant documents, according to guidelines set forth by Peters (Peters et al., 2020). Guidelines for reporting evidence will be followed as outlined by the PRISMA-ScR Checklist (Tricco et al., 2018).



Search Strategy

A unique database search strategy will be employed because conducting searches with simple terms, such as (“wants” AND “physical activity”) results in returns >10,000 articles. Instead, we will use a novel combination of the following search terms in four steps.

Step 1 (basic search): (“Motiv* state*”) AND (Exercise OR “Physical activity”).

Step 2 (advanced search) will use infinitive phrases (e.g., urge to exercise), such as: (Urge* OR Desire* OR Crav* OR Want* OR Drive*) AND (To OR For OR “To be”) AND (Move* OR Exercise OR “Physical* activ*”).

Step 3 (using nominalization of verb): The last combinations of search words will be: (Move* OR Exercise OR “Physical* activ*”) AND (Urge OR Desire OR Craving). “Want” will not be used in this third step (e.g., “movement want” is highly unlikely to be relevant). Note that in PubMed the strategy will be modified because the use of the * symbol is not possible.

Step 4 (known pertinent terms): Five terms known to overlap with the phenomenon of motivation states will be searched: restlessness (mental/physical), hyperkinesia, psychomotor retardation, appetence and “drive for activity” (Keys et al., 1950).

The authors decided not to use the key term “feel like” (e.g., feel like moving or exercising) in the current searches as used elsewhere (Ponnada et al., 2022).

An initial search utilizing this novel search strategy narrows down the returns in Web of Science to 921 (from 2,750). Furthermore, a quick inspection reveals that the returns are more relevant. Abstracts will be expelled from results if they fall into one of 11 exclusion criteria categories, such as motivation being described as a trait, not in the English or Portuguese languages, if describing secondary desires for movement (i.e., whereas movement is motivated by other wants), etc. See Supplementary Material 3. In the event of a disagreement between two reviewers, a third independent and impartial reviewer will resolve the discordance. The databases will be searched from inception to June, 2022.



Data Extraction

Articles that meet the inclusion criteria for the scoping review will have data extracted using a charting data extraction form (Supplementary Material 2) based on JBI's System for the Unified Management, Assessment and Review of Information (SUMARI) (Aromataris and Munn, 2020). We anticipate a high number of relevant returns (i.e., >500 articles), mostly due to the inclusion of studies on the topic of Restless Legs Syndrome (RLS). Consequently, studies relating to RLS will be limited to the last 5 years. An author who is an expert on the topic of RLS (BK) will guide selection of studies from before that period.

Some data will be extracted by just a single independent reviewer who will search for information, such as (1) field of study, (2) clinical or non-clinical, (3) condition or pathology, (4) study design, etc. See Supplementary Material 4 for a full list. Two reviewers will search deeper in each article to search for constructs relevant to the study of motivation states and the WANT model (Stults-Kolehmainen et al., 2020), such as (5) “physical activity,” “exercise” or bodily movement, (6) theoretical orientation, (7) description of motivation states, etc. See Supplementary Material 4 for all 19 variables of interest. A third independent and impartial reviewer will resolve any disagreement between the two reviewers. If required, corresponding authors of articles will be contacted for additional information. The charting data extraction form will be piloted with 10–20 studies in the early stages to ensure extraction can proceed smoothly.



Data Synthesis

In scoping reviews, no formal data analysis is undertaken (Tricco et al., 2018; Peters et al., 2020); therefore, this review does not aim at statistically pooling quantitative components (as in a meta-analysis). Consequently, data synthesis will follow the procedures utilized in Peters (Peters et al., 2020). This largely involves a basic descriptive analysis (e.g., frequency of topic of interest, expressed as percentages), which will be mapped in tables and graphics. We will also stratify findings by clinical vs. non-clinical populations as aggregating across conditions is problematic, and there may be biases inherent to specific pathologies. Specific literatures that feature prominently, such as Restless Legs Syndrome, will receive further stratification (Khan et al., 2017). At this time, it is not clear if a critical appraisal (i.e., assessment of methodological quality) of individually selected studies will occur, as outlined in the Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) Checklist (Tricco et al., 2018), as such an analysis is not required for scoping reviews, but may be helpful. In scoping reviews, critical appraisal often takes the place of evaluation of risk of bias, and such a decision will be made once the data is extracted. Findings will be presented in narrative form, and will include tables and figures to aid in data presentation.




DISCUSSION

This scoping review is the first of its kind to both unify and quantify the literature on motivation states for bodily movement, physical activity and exercise to determine the state of knowledge in this area for both healthy and clinical populations. A previous narrative review and conceptual analysis from Stults-Kolehmainen et al. (2020) had the aim of developing the concept of motivation states for movement as a relevant and valid construct. However, it did not attempt to quantify the material or make systematic comparisons between relevant topical areas. This scoping review protocol has been designed to fill that gap - to understand the research landscape surrounding this concept as opposed to a specific question regarding it.

The proposed search protocol has strengths, but also some delimiters (i.e., designed limits) and limitations. To capture the greatest extent of relevant literature, we selected novel search terms crafted from infinitive phrases (e.g., “urge to move,” “desire to be physically active”). These were not exhaustive, however. For instance, we did not include phrases, such as “have to move” or “need for exercise” and related terms. We chose this approach to keep the search manageable. On a different note, some topical areas are likely to dominate returns. For instance, Restless Legs Syndrome is defined by the urge to move (Khan et al., 2017), and we anticipate that this single condition will account for >50% of studies we will find. Limited resources will prevent extracting data from this entire topical area. However, one author on this team who is an expert in this area (BK) will examine the studies from 2014 and before to select ones that may be most pertinent. Also, we have topical experts in the areas of music psychology/groove (PJ), motor control and movement disorders (RB), psychiatric disorders (AF), exercise training studies (DB), exercise and sports psychology (TG, JBB), eating disorders (RC) and muscle dysmorphia (NS). It is our hope that this expertise will allow us to safeguard against any serious omissions while highlighting the most pertinent research.

There are potential downstream implications for this proposed review; both healthy and clinical populations may ultimately receive some benefit from a better understanding of the literature on motivation states for movement. First, apart from RLS, many conditions related to diminished or excessive motivation states for movement have received relatively little recognition (e.g., akathisia) or have recently emerged in the literature (e.g., muscle dysmorphia); therefore, these disorders are poorly understood (Iqbal et al., 2007; SantaBarbara et al., 2020). This scoping review may mitigate this shortcoming by helping to describe the time course, subjective experience, pathology and important mechanisms of action (e.g., neurotransmitters, hormones, psychological antecedents). For instance, there is substantial amount of MRI data that exists on the topic of groove (Janata et al., 2012, 2018), which may be applicable in other literatures, such as sport and exercise psychology. It is also reasonable to expect that this review will result in progress in evaluation, including measurement tools and scoring, interpretation, and clinical cut-offs – as well as protocols for longitudinal assessment so patterns of ACMS may be delineated. Following these advances, the role of motivation states in conditions like burnout and depression may become clearer – helping us to understand if ACMS are useful for identifying these disorders (Sandmeir et al., 2021). These hypokinetic conditions, together with the hyperkinetic disorders previously mentioned, may fall along a common motor or movement urge dysfunction spectrum (MUDS) that includes normal sensations. The collection of these might even typify a new classification of conditions - the movement urge dysfunction disorders (MUDD), which has some verisimilitude but is still speculative.

A more pressing need is to better understand the relationship between motivation states and movement behaviors, including physical activity, exercise and displacement behaviors (Mohiyeddini et al., 2015). Part of the problem is the lack of explicit explanatory models and theories that attempt to describe this association and how it operates across a variety of conditions and contexts. However, some research paradigms exist in related topical areas (Berridge, 2012) and by examining these it may be possible to develop testable and practical models which facilitate better understanding of the current topic. Behavioral models may then be expanded to incorporate important linkages to other health behaviors (e.g., sleep), emotions and cognitions, as well as describe triggers (e.g., images, music) and other antecedents, barriers (e.g., fatigue, boredom), and additional factors (Williams et al., 2019). Down the road, there may be development of algorithms to predict when ACMS result in conscious and unconscious movement choices - as well as predictive models that could be used to identify the best targets for behavioral modification efforts. These may be employed as either treatments to diminish bothersome urges and cravings or interventions and technologies to enhance tepid wants and desires. It is imaginable that all of these advances would be more feasible with the results from this scoping review.

Proximal outcomes of this review would likely vary by the research focus or perspective (e.g., clinical, public health or athletic performance), condition and/or population and the primary objectives related with each. For instance, in the case of muscle dysmorphia, exercise addiction or eating disorders, potential deliverables could be educational modules for those affected and for psychiatric professionals to raise awareness of risks. Taking this a step further, this review may lead to the creation of interventions to reduce engagement in problematic behavior and mitigate harm caused by unhealthy movement patterns. Interventions might incorporate aspects of mindfulness, such as meditation or exercises that are inherently mindful, such as martial arts (Naves-Bittencourt et al., 2015; Stults-Kolehmainen et al., 2015). For those at risk of disease and not physically active, this review may help to map out just-in-time adaptive interventions, perhaps mobile-based, to identify ideal time points for action, which we call “CRAVE moments”, and to modify the environment or lead people to environments that both: (a) produce desire-promoting stimuli for movement and (b) reveal opportunities to act on these desires (Hardeman et al., 2019; Ash et al., 2021; Liu et al., 2021). Additionally, understanding the factors that drive a person to engage in exercise, their natural experience of movement desires, and their activity preferences, could lead to flexible and personalized exercise prescriptions, leading to better exercise initiation, engagement, further adherence and less drop out. Given that exercise is considered a “polypill” for health enhancement (Fiuza-Luces et al., 2013), such initiatives should be a priority. Please, refer to Stults-Kolehmainen et al. (2020) for a more extensive discussion of implications and applications of motivation states research. By being able to understand underlying motivation for movement, particularly as it occurs within the moment, this review can collectively enable both individuals and practitioners to exercise greater volitional control over when and how movement occurs.
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Anorexia nervosa (AN), a disorder of voluntary food restriction leading to severe weight loss in female adolescents, remains an enigma. In particular, the appropriation of the starved thin body into the self-concept in AN is a process insufficiently researched and still poorly understood. Healthy humans undergoing starvation experience a slowing of movements and avoid voluntary exercise. By contrast, AN tends to be not infrequently associated with voluntary, sometimes excessive and/or compulsive exercise. Such deliberate exercise, not reported in starvation, seems to be facilitated by an increased urge for movement and physical restlessness, particular to AN. The increased urge to move would reflect spontaneous daily activity, the energy expended for everything that is not sleeping, eating, or voluntary exercise. Our hypothesis is that the starvation-induced increased urge to move and restlessness may promote the development of AN. Reversal of the fasting state, by either high caloric food or by leptin administration, would be expected to reduce restlessness and the increased urge to move along with improvement in other symptoms in AN. This review explores the idea that such restless activation in AN, in itself and through accelerating body weight loss, might foster the integration of the starving body into the self-concept by (1) enhancing the person’s sense of self-control and sense of achievement and (2) through invigorating proprioception and through intensifying the perception of the changing body shape. (3) Tentative evidence from studies piloting leptin administration in chronic AN patients which support this hypothesis is reviewed. The findings show that short term administration of high doses of leptin indeed mitigated depressive feelings, inner tension, intrusive thoughts of food, and the increased urge to be physically active, easing the way to recovery, yet had little influence on the patients’ personal commitment to remain at a low weight. Full recovery then requires resolution of the individuals’ personal unresolved psychological conflicts through psychotherapy and frequently needs specialized treatment approaches to address psychiatric co-morbidities. AN might be conceptualized as a hereditary form of starvation resistance, facilitated by the effects of starvation on fitness allowing for an exceptionally intense personal commitment to perpetuate food restriction.

Keywords: restlessness, drive for activity, leptin, body image, self-image, anorexia nervosa


INTRODUCTION

AN, a disorder of long-term voluntary restricted food intake resulting in recalcitrant pathological weight loss in female adolescents is considered a psycho-biological disorder. Predominantly, AN is, but must not be, a psychiatric disorder. Emotional disturbances and psychiatric co-morbidity vary from person to person and young patients often recover after short-term treatment and lead a normal life (Halvorsen and Heyerdahl, 2006). Psychological features include subjective personal risk factors such as a critical self-image (Steinhausen and Vollrath, 1993) along with distinct personality features depending on the subtype (Casper et al., 1980). In the restricting form, shyness, a sense of being overlooked and not appreciated, may lead to the appropriation of caloric restriction as a way to prove themselves worthy. A family history of psychiatric illness bears on illness severity (Strober et al., 1990).

On the biological side, the significant physiological adjustments to caloric deficiency of virtually every organ system, including the brain, none different from those in simple starvation, have not revealed particular mechanisms which could account for the excessive weight loss observed in AN. On the genetic side, anorexia nervosa (AN) is considered a complex, multifactorial heritable condition with possibly rare and common genetic and environmental determinants (Cui et al., 2013; Boyle et al., 2017; Lee et al., 2019; Watson et al., 2019). Heritability estimates in twin studies consistently support a genetic basis in anorexia nervosa, with the range of 48–74% (Holland et al., 1984; Klump et al., 2001; Kortegaard et al., 2001) Recently, the Anorexia Nervosa Genetics Initiative was launched to increase sample sizes for pinpointing genetic risk factors (Yilmaz et al., 2020).

At this point in research, therefore, reliance on clinically observable signs remains a useful heuristic method to identify aberrant processes in AN.

The name “anorexia nervosa’ translates to ‘nervous lack of appetite.” AN patients, however, endorse hunger feelings (Garfinkel, 1974) and they report conscious and intrusive thoughts and dreams of food (Casper and Davis, 1977), similar to undernourished individuals.

Surprisingly, individuals with AN tend to divulge few signs of distress, asserting that they do not feel changed and therefore oppose treatment for underweight. Adolescent girls with AN tend to live seemingly normal lives, they rise early in the morning, refreshed without complaints of fatigue to engage in their daily activities (Casper, 1990). They continue to function in school, even at their lowest body weight, when cachexia undermines muscle strength (Casper, 2020). This ability to pursue an active, seemingly normal, life, as much as a not infrequent tendency toward excessive physical activity in AN has been commented on since its earliest descriptions (Gull, 1874; Janet, 1903; Bell, 1985), contrasting it to the lassitude and weariness associated with advanced simple starvation (Guetzkow and Bowman, 1946; Keys et al., 1950).

We outline here experimental and clinical evidence that healthy humans undergoing starvation experience a slowing of movements and tend to avoid voluntary exercise. We then present studies that found that total energy expenditure and physical activity levels in AN did not differ from normal controls. Next, we address the data that physical restlessness and an increased urge for movement at low weights are common symptoms in AN. Bearing in mind that AN is a human and personally motivated disorder, we will examine the contribution of a critical self-image and lack of self-esteem to the pursuit of caloric restriction. We suggest that, not only the weight loss, but also the possibly energizing physical sensations (Casper, 2020) associated with an increased urge for movement and physical restlessness may strengthen the patient’s self-control and subjective vitality (Ryan and Frederick, 1997), as well as motivation to use dieting to improve the self-image. Next, we discuss experimental studies examining the body image in AN and argue that restless body sensations might contribute to the tendency to overestimate body dimensions and to the selective deficient subjective awareness of the wasted body. Lastly, if the increased urge to move constitutes an integral component of the anorectic symptom constellation, then a reversal of the negative metabolic balance would be expected to reduce the increased urge to move. We will review pilot studies showing that leptin (Metreleptin) administration in high doses signaling a high energy status was associated with significant symptomatic improvement in critical, but not all symptoms in chronic AN patients (Milos et al., 2020; Antel et al., 2021).



DIMINISHED PHYSICAL ACTIVITY AND INERTIA IN EXPERIMENTAL STARVATION CONTRAST WITH REPORTS OF AN INCREASED URGE FOR MOVEMENT AND PHYSICAL RESTLESSNESS AT THE LOWEST WEIGHT IN AN

Physical activity levels in humans are complex and influenced by psychological, social, multiple genetic and environmental factors (Carlsson et al., 2006; Stubbe et al., 2006; Duncan et al., 2008). Physical activity forms part of the energy balance feedback system that homeo-statically controls body weight. Supporting data have come from overfeeding studies in healthy subjects which showed compensatory changes increasing spontaneous activity or non-exercise activity thermogenesis (NEAT) to dissipate excess energy (Leibel et al., 1995) and from underfeeding studies (Guetzkow and Bowman, 1946; Keys et al., 1950; Consolazio et al., 1967; Heilbronn et al., 2006; Martin et al., 2007; Redman et al., 2008) which show a reduction in physical activity levels to conserve energy.

Fasting or energy depletion triggers compensatory metabolic, endocrine and behavioral responses to limit energy expenditure and stimulate food intake. Measurements in experimental starvation invariably show a “slowing of voluntary movements and curtailment of self-initiated spontaneous activity” and reduced ‘drive for activity’ measurements. After achieving a 25% weight loss in 6 months, 94% of the men reported “unsteadiness and uncertainty of footing while walking” (Keys et al., 1950). The men also experienced anxious-depressive symptoms, social withdrawal, obsession with food, and sexual dysfunction. In retrospect, these men remembered leaden lethargy and exhaustion (Eckert et al., 2018), all feeling states not reported by AN patients at a greater weight loss. These findings raise the question whether the persistence of normal physical activity in AN is atypical and possibly pathognomonic.

In the past two decades, numerous investigators have addressed primarily the phenomenon of excessive exercise and compulsion to exercise in AN (Davis et al., 1994; Holtkamp et al., 2004; Davis and Kaptein, 2006; El Ghoch et al., 2013; Keyes et al., 2015; Rizk et al., 2015; Schlegl et al., 2018).

Many investigators have attributed the pursuit of exercise in AN to psychological mechanisms suggesting that physical activity is a deliberate attempt to “burn” calories in pursuit of thinness (Davis et al., 1997) or that physical activity is a way of coping with negative affect (Davis et al., 1999; Holtkamp et al., 2006). These factors undoubtedly play a role both in AN and in healthy dieting individuals, yet, exercise normally is not associated with pathological weight loss.

Aside from the tendency to excessive exercise, spontaneous or non-exercise activity, such as standing and walking in AN has been found comparable to non-exercise activity in healthy subjects (Keyes et al., 2015). Assessments through questionnaires and through recordings of wearable devices found that daily activity levels measured as steps or as body movements did not distinguish AN patients from healthy age- and sex-matched controls (Bouten et al., 1996; Van Marken Lichtenbelt et al., 1997; Harris et al., 2008; Hechler et al., 2008; Bratland-Sanda et al., 2010a,b; Hofmann et al., 2014; Keyes et al., 2015).

Another rather neglected observable symptom in AN patients is their greater restlessness, confirmed by Belak et al. (2017) in leg movements of seated AN patients, wearing a shoe-based monitor. Clinical ratings, of adolescent AN patients (Holtkamp et al., 2006) found an inverse relationship between subjective and accelerator measures of physical activity as well as self-rated motor and inner restlessness with plasma leptin levels, pointing to the degree of undernutrition as a crucial factor for maintaining motor activity.

The ability to remain “normally” active in AN raises the question to what extent intrinsic AN-specific biological mechanisms triggered by caloric restriction contribute to physical restlessness? Are AN patients spared the full impact of the low energy levels and fatigue typically reported in starvation states?

In an exploratory study, 83 adolescent patients with acute AN, restricting type, were systematically asked on hospital admission, whether or not they experienced an increased urge to move and physical restlessness at their lowest weight (Casper et al., 2020). Nearly 90% of patients reported either, an increased urge for movement and/or physical restlessness. Two thirds endorsed feeling mentally alert and being able to concentrate. The increased urge to move emerged as a physiological variable related to the degree of weight loss, to feeling active, to movement despite feeling tired, and to exercise intensity and compulsive exercise before hospital admission, but was not related to the severity of the eating disorder or the severity of psychiatric symptoms. Unexpectedly, the increased urge to move coexisted side by side with high levels of physical fatigue and low energy, typical signs of starvation. Physical restlessness, endorsed by 82%, was associated with the degree of weight loss and anxiety levels. Mental restlessness emerged as a disease severity variable indicating widespread strong correlations with signs of starvation and with eating disorder and psychiatric symptomatology. It would be interesting to explore further, how much AN patients are aware of an increased urge to move.

We can infer from these observations that adolescent patients with acute AN at their greatest weight loss feel compelled to move and physically restless despite experiencing fatigue and feeling tired. Since such restless activation has not been reported to exist at the lowest weight in experimental starvation, it might point to dysfunctional physiological adaptations in energy regulating pathways in AN (Casper, 2016).


Hypothesis 1: The ability of AN patients to maintain an active life style and regular daily activities may not only strengthen the resolve to limit food intake, but also impart a sense of self-control and a sense of achievement and thereby improve self-esteem.
 

AN is a personalized disorder. Patients seize control over the starvation process for self-improvement, to the extent that a reciprocal relationship develops between successful weight control and positive emotions. Personal satisfaction over weight loss is also an important reward in normal dieters. In a healthy person, unlike in AN, the physical discomforts and fatigue of chronic undernutrition and the presence of other rewarding activities, maintaining friendships, enjoying music, taking dance classes, seem to undermine the single-minded pursuit of continuing a fasting regime.

The concepts of self-image and self-esteem refer to a person’s basic evaluative feelings about her/himself. Low self-esteem has been described in a number of studies as a characteristic attribute of AN patients (Silverstone, 1990) and has been found to be a predictor of co-morbidity (Karatzias et al., 2010) and poor treatment outcome (Halvorsen and Heyerdahl, 2006). The tendency for self-reliance in teenage AN patients, only 17% experienced friendships as positive (Datta et al., 2021), heightens the personal impact of this solipsistic interaction.

An American and a European study (Casper et al., 1981; Steinhausen and Vollrath, 1993) found nearly identical responses on the Offer self- image questionnaire reflecting a poor self-image and body image in teenage hospitalized AN patients compared to age-matched healthy controls. Findings that the self-concept and body image improve with treatment, but remain unchanged without treatment, highlight the importance of self/body concept disturbances as a core psychological problem in severe AN. This link between self-esteem and body esteem in women with eating disorders, was not found in healthy women (Mendelson et al., 2002). Indeed, internal rewards, the wish for a sense of self-respect, power and independence raising self-esteem have been described to play a decisive role in the fixation on weight loss in AN (Garner and Bemis, 1982; Serpell et al., 1999; Brockmeyer et al., 2013).

We suggest that the propelling force of the increased urge to move and physical restlessness in AN which counteracts the physical discomforts of chronic undernutrition tends to strengthen the resolve of AN patients to extend caloric restriction. Successful reduction in food intake and the ensuing weight loss then enhance the sense of personal efficiency and self-control. Nonetheless, the gradually increasing fear of weight gain in AN betrays some awareness that patients are cognizant that caloric restriction is a spurious and in the long-term dangerous solution to low self-esteem.


Hypothesis 2: The increased urge to move and physical restlessness enhance proprioception and body awareness and thereby counterbalance awareness of the emaciated body and may contribute to body size overestimation in AN.
 

Altered body perceptions in AN have been the subject of comment and investigation ever since Lasègue (1873) quoted an AN patient as saying, − in response to the comment that her amount of nutrition could not support a toddler,- that she is “neither changed nor thinner, moreover she has never refused a task or suffered fatigue.” This patient‘s response, insisting on sameness despite her emaciation, reflects the contentment with the body’s form in AN. In other words, it reflects an insufficient awareness of the increasingly lean body contours in AN (Bruch, 1962). In experimental or simple starvation body image disturbances have not been reported (Keys et al., 1950; Eckert et al., 2018).

We propose here that physical restlessness and an increased urge to move during weight loss not only convey a welcome sense of lightness, but also intensify proprioception and in this way integrate the bodily changes in AN. This hypothesis is supported by findings in healthy populations where movement through physical exercise contributes to positive body-and self-evaluations (Guinn et al., 1997; Hausenblas and Fallon, 2006; Korn et al., 2013). Movement in exercise also modifies proprioception (Bhanpuri et al., 2013; Proske and Allen, 2019). Proprioception is defined here as the sensation of body position and movement, the senses of tension and effort and the sense of balance through mechanically sensitive receptors, with muscle spindles as the principal proprioceptors (Longo and Haggard, 2010; Proske and Gandevia, 2012). Conversely, frequent complaints of unpleasant feelings of heaviness voiced by AN patients on weight gain are associated with a reduction in restlessness and the desire to move (Holtkamp et al., 2003a).

The concept of central representations of the body was first described by Head and Holmes (1911) based on selective loss of sensations after injury. Schilder (1950) used the term “body image” as a construct of the mental representation of the body encompassing imaginative, perceptual, affective and cognitive components. Schilder (1950) views the body image as “the picture of our own body as we perceive it and as we imagine it. It does not merely consist of perception in the common sense, but it comprises elements of representations and thoughts.”

The precise definition of the body image and the body schema and whether they ought to be considered different entities are still under discussion (Tuthill and Azim, 2018). Whereas the body image as the cognitive representation of the body is thought of as being based on stored life experience and to underlie perceptual judgment, the body schema is believed to depend on ongoing proprioceptive input and concerned with body movement. The term ‘body image’ as used in AN research is rarely defined, but seems to be an amalgamation of both definitions. Distortions in the topographical map of the body or in sensorimotor perceptions have not been reported in AN (Phillipou et al., 2016).

The DSM V diagnostic criteria for AN (DSM-V, 2013) define body image changes functionally, as “a disturbance in the way in which one’s body weight or shape is experienced, undue influence of body weight or shape on self-evaluation, or persistent lack of recognition of the seriousness of the current low body weight.”

It is important to remember that not all AN patients initially aim to lose weight. In particular, younger patients often renounce food or reduce their food intake due to maturity fears or out of moral or ethical concerns. Nonetheless, ultimately, AN patients fulfill all three DSM-V criteria for body image changes.

Some researchers (Gutierrez and Carrera, 2020) have argued that body image disturbances in AN are merely epiphenomena of the low body weight. This proposition may be correct, but it is difficult to ascertain, considering the absence of such extreme low weights without disease.

Deficient recognition of the bony contours and lack of alarm over the implications and risks associated with extreme fasting and emaciation are core symptoms which distinguish AN from weight loss for other reasons. A case illustrates this lack of awareness. The only patient ever to seek treatment on her own in our program was a 20-year old young woman, who called, sounding panic-stricken. She described how that very morning a rear view mirror had by chance projected skeletal shoulders which she thought to belong to another person standing behind her. Frightened, she turned around and realized she had seen her own back. At that moment she realized for the first time the extent of her emaciation. The patient immediately placed the call for a consultation, agreed to hospitalization, cooperated in treatment and fully recovered.

This awareness deficit of the extent of the emaciation in AN seems to be partial to the life-endangering consequences of the low body weight. Risks to health and life from energy deficiency are kept out of awareness or minimized. Unless asked, patients do not mention physical discomfort from constipation or from feeling constantly cold. Surprisingly, awareness of the desired thinness seems to be intact. Excessive thinness is acknowledged through behavior, such as buying size 2 clothes, displaying the bony body in scant clothing in the summer, or the habit of secret mirror gazing and admiring the emaciated body in private.

Numerous PET studies have, so far unsuccessfully, attempted to localize a central defect in body image representations in AN. They report altered structures and networks linked to measures of starvation (Lankenau et al., 1985; Krieg et al., 1989; Favaro et al., 2012; Via et al., 2014) in line with early reports of significant macroscopic brain changes in AN (Enzmann and Lane, 1977), all changes reversible with weight recovery. Normative comparisons do not exist, because healthy normal weight individuals do not suffer the extreme weight loss of AN patients.

The first criterion of DSM V (DSM-V, 2013) “disturbance in the way in which one’s body weight or shape is experienced “as well as disturbances in estimating body part boundaries have been supported by empirical findings. A number of studies (Slade and Russell, 1973; Crisp and Kalucy, 1974; Garner et al., 1976; Casper et al., 1979; Touyz et al., 1984; Sachdev et al., 2008; Guardia et al., 2012; Verbe et al., 2021) confirm varying and selective degrees of body size overestimation in AN, in particular for the waist, chest and body depth by 14–30%. Their specificity remains uncertain, because the studies found similar degrees of body size overestimation in healthy age-matched women, indicating fluidity in the assessment of body size. In AN, importantly, the degree of body size overestimation was found to be associated with illness severity, with lack of recognition of the seriousness of the illness, the amount of weight loss, and prognosis and treatment response (Casper et al., 1979). The more accurate the body size estimate, the better the long-term outcome. Thus, body size overestimation, albeit quite common in contemporary healthy females, appears to be a marker of illness severity in AN.

Incomplete consciousness of the bodily changes with severe weight loss and body size overestimation likely contributes to the fear of weight gain which paradoxically gets stronger with increasing weight loss. Alternately, treatment leading to a significant weight increase lessens this fear of weight gain (Calugi et al., 2018; Figure 1).

[image: Figure 1]

FIGURE 1. Hypothesis: An increased urge for movement and physical restlessness in Anorexia Nervosa might foster the integration of the starved thin body into the self-concept through enhancing the person’s sense of self-control and might through intensifying body perception influence body size estimation.



Hypothesis 3: As a component of the starvation-induced anorectic symptom complex associated with hypo-leptinemia, the increased urge to move ought to improve along with other symptoms in AN through treatment with leptin (Metreleptin) which produces a high energy metabolic condition.
 

Leptin is a regulatory hormone secreted into the bloodstream by white adipose tissue. Leptin belongs to the family of class 1A cytokine receptors in brain and the periphery to regulate energy balance, neuroendocrine function, immune function and various metabolic pathways, including growth hormone signaling, insulin sensitivity, and lipogenesis (Salbe et al., 1997; Allison and Myers, 2014). Leptin is also expressed in a variety of other tissues, including the placenta, ovaries, mammary epithelium, bone marrow, and lymphoid tissues (Margetic et al., 2002).

Leptin binds to leptin receptors located throughout the central nervous system and peripheral tissues (Mantzoros et al., 2011), including skeletal muscle (Guerra et al., 2007). Prolactin releasing peptide containing neurons sensitive to leptin in the dorsomedial hypothalamic nucleus seem to mediate thermogenesis and increase energy expenditure (Dodd et al., 2014).

Leptin is a sensor for the adaptation to starvation and signals a state of nutrient deficiency and fat loss. Levels of leptin are directly proportional to adipose tissues and decrease with undernutrition (Blum et al., 1997). The leptin regulatory system is profoundly affected by the metabolism of starvation in AN (Ahima et al., 1996; Hebebrand et al., 1997; Chan et al., 2003; Mars et al., 2006).

The decrease in leptin levels during fasting mediates the suppression of reproductive, thyroid, and growth hormones and the elevation in glucocorticoid levels, in addition to stimulating food intake and limiting energy expenditure (Ahima et al., 1996, 2000).

Transport of leptin to the brain is reduced by fasting (Kastin et al., 2000). In a genome-wide meta-analysis, Kilpeläinen (2016) uncovered several loci associated with circulating leptin levels and Peters et al. (2021) recently reported a correlation between a genetic predisposition to low leptin levels and risk for AN in females.

Depending on the degree and severity of the caloric deficit and weight loss, leptin falls to very low, sometimes undetectable levels in AN (Grinspoon et al., 1996; Hebebrand et al., 1997) and increases significantly with weight gain (Eckert et al., 1998). In fact, leptin plasma levels below 2 μg/l have been found to have high specificity and high sensitivity for acute AN (Focker et al., 2011). Mantzoros et al. (1997) report a significantly higher CSF to plasma leptin ratio in AN patients compared to healthy controls. Leptin plasma levels have been found to be negatively associated with excessive physical activity in acute, but not in recovered, AN patients (Hebebrand et al., 2003; Holtkamp et al., 2003b; Ehrlich et al., 2009).

Regarding leptin parameters in normal populations, light, but not moderate and vigorous, physical activity assessed by accelerometer for 4 weeks were associated with the Q223R polymorphism in the leptin receptor gene of female, but not male, Japanese adults, suggesting a genetic influence on spontaneous physical activity (Murakami et al., 2014). Leptin receptor variants have also been associated with habitual physical activity assessed by self-report in European-derived volunteers (Walsh et al., 2012) and polymorphisms in the dopamine D2 receptor gene have been linked to physical activity levels among white women (Simonen et al., 2003). Considering the regression to prepubertal status in AN, correlations between plasma leptin concentrations with total energy expenditure and physical activity in five-year old children and 8-year-old healthy girls with steps measured by pedometer, respectively, are noteworthy findings (Salbe et al., 1997; Romon et al., 2004). In healthy adolescent girls vigorous physical activity measured by accelerometer over 7 days, increasing the energy expenditure, was negatively associated with leptin concentrations (Jiménez-Pavón et al., 2012). In male soldiers serum leptin decreased to a third of normal levels along with energy deficiency induced by 4 weeks of strenuous military training (Gomez-Merino et al., 2002). Similarly, exercise addiction in young men was found associated with lower plasma leptin levels (Lichtenstein et al., 2015).

In rodents, deletion of the leptin receptor in dopamine neurons induced anxiety like behavior (Liu et al., 2011), while intraperitoneal injection of leptin increased exploration and social behaviors (Liu et al., 2010). Systemic leptin treatment produced antidepressant effects via limbic structures (Lu et al., 2006).

The metabolic effects of systemic leptin administration have been tested in congenital leptin deficiency states (Farooqi et al., 2001), lipodystrophy and dysfunction of the hypothalamic–pituitary-gonadal axis. Leptin receptor-expressing pericytes have been found to mediate vessel permeability and promote leptin brain uptake (Butiaeva et al., 2021). Low plasma leptin levels prompted Welt et al. (2004) to treat patients with hypothalamic amenorrhea due to underweight or strenuous exercise restoring ovulatory menstrual cycles in 3 of eight patients, without apparent adverse effects. Chou et al. (2011) conducted a randomized, placebo-controlled trial with human recombinant leptin for 36 weeks. Seven of 10 patients with hypothalamic amenorrhea receiving metreleptin therapy developed menstruation during the course of the study, and two of nine subjects on placebo developed menstruation. In strenuously exercising lean young women with hypothalamic amenorrhea, metreleptin treatment over 1–2 years increased bone mineral density and content in the lumbar spine in the presence of moderate improvement in other endocrine and metabolic parameters (Sienkiewicz et al., 2011).

In response to the long suffering of chronic AN patients and in view of the reported safety profile of Metreleptin, Hebebrand and co-workers (Milos et al., 2020; Antel et al., 2021) designed a pilot study to administer short-term subcutaneous Metreleptin to four patients with severe chronic AN. The daily doses were higher than those in hypothalamic amenorrhea, but given for much shorter periods, between 7 and 22 days, raising leptin plasma concentrations from an extreme low to high levels. Within 24 to 48 h, self-and observer reports documented rapid improvement in an ensemble of AN symptoms: depressed mood, urge for activity, inner tension, repetitive thought of food in ¾ patients (Milos et al., 2020, Antel et al., 2021). The symptom reduction suggests wide-ranging central effects of leptin (Chan et al., 2003; Chan and Mantzoros, 2005). Metreleptin administration which produced high leptin plasma levels within 2 to 7 h, was also associated with greater insight into the condition, greater sociability and in a 16 year old male patient produced normalization of hypogonadotropic hypogonadism. Restlessness was reduced, patients were able to nap and sit still for longer periods. Cessation of leptin administration led to reemergence of symptoms after 5–8 days. Despite reporting “a more realistic assessment of body shape and weight” (Milos et al., 2020), the patients’ personal investment in maintaining a low weight showed modest changes and required long-term skilled psychological treatment to encourage weight recovery (Hebebrand et al., 2021). These observations provide tentative support that an acute reversal of the negative metabolic balance through very high peripheral and central circulating leptin levels which are associated with endocrine changes (Rosenbaum et al., 2002; Antel et al., 2021) swiftly, albeit partly, mitigate the anorectic symptom constellation including the maladaptive urge for movement and physical restlessness in AN (Figure 2).

[image: Figure 2]

FIGURE 2. Reversal of hypoleptinemia-mediated adjustments to prolonged severe caloric restriction in anorexia nervosa by Metreleptin (Ahima et al., 1996; Rosenbaum et al., 2002; Welt et al., 2004; Lu et al., 2006; Mantzoros et al., 2011; Licinio et al., 2014; Wang et al., 2015; Chrysafi et al., 2020; Milos et al., 2020; Antel et al., 2021).




CONCLUSION

There is agreement that the etiology of AN involves a complex interplay between polygenic risk variants and specific environmental triggers, principally prolonged caloric restriction.

Taking up Nurse’s (2021) admonition that” biology must generate ideas as well as data,” we provide here reasonable evidence for the proposition that in individuals genetically vulnerable to AN, restlessness and an increased urge for movement triggered by the negative metabolic balance, and varying in intensity, may directly through forestalling the full impact of starvation and indirectly through movement effects promote the personal decision to continue caloric restriction and hence have a bearing in the development of AN. As AN develops, such “restless activation” not only counteracts the fatigue and lower energy level of the starvation state, but also accelerates weight loss and thereby strengthens personal resolve and the sense of control. Through heightening proprioception, physical restlessness and an increased urge to move might contribute to appropriating the reduced body contours into the self-concept and contribute to neglecting the life-endangering consequences of the severe loss of body weight. High circulating leptin concentrations signaling a positive metabolic balance associated with endocrine changes remarkably swiftly improve several anorectic symptoms, including the physical restlessness and the increased urge to move. AN might be conceptualized as a hereditary form of starvation resistance, facilitated by the effects of starvation on fitness allowing for an exceptionally intense personal commitment to perpetuate food restriction. The suggested hypotheses are testable and could be integrated into the design of future double blind placebo-controlled studies of leptin administration as a therapeutic strategy in AN.
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The aim of this study was to compare the acute effects of performing a lower body resistance training program in one long or two shorter sessions in 1 day on training volume and affective measures. Employing a randomized-crossover design, 23 resistance-trained women (22 ± 2 years, 166 ± 6 cm, and 66.4 ± 7.5 kg) performed two training days consisting of (i) one long (46 min) or (ii) two short sessions (total of 43 min) separated by 3.5–5 h. Each training day was separated by 4-6 days and consisted of three sets to failure for six exercises. Training volume (number of repetitions lifted) were recorded during the sessions. Rating of perceived exertion for effort (RPE), rating of perceived exertion for discomfort (RPD), session displeasure/pleasure (sPDF) and exercise enjoyment (EES) were measured 10 min after each session. Participants also completed a readiness to train questionnaire (7 questions), 24 h after each session, and which training protocol they preferred, 48 h after the last session. The long session led to higher RPE (+1 point, p < 0.001, ES = 1.07), RPD (+1 point, p = 0.043, ES = 0.53) and sPDF (p = 0.010, ES = 0.59) compared to the short sessions. There was no difference in EES (p = 0.118, ES = 0.33). The short sessions had 3% higher training volume than the long session (p = 0.002, ES = 0.42). There were no differences in perceived readiness to train 24 h after the sessions (range: p = 0.166–0.856 and ES = 0.08–0.32). Twenty-two participants preferred the long session, while one preferred the short sessions. In conclusion, performing a longer, lower body, resistance training session led to greater perceptions of effort, discomfort and session pleasure than splitting the same program into two shorter sessions among resistance-trained women. However, two shorter sessions led to a greater training volume.

KEYWORDS
RPE, RPD, sPDF, EES, perception, training frequency


Introduction

Training frequency is typically defined as the total number of weekly resistance training sessions and is one of several components to consider when designing resistance training programs (Bird et al., 2005; ACSM, 2009). Performing briefer, more frequent sessions could potentially allow for increased training load or more repetitions lifted at same training load compared to longer and less frequent sessions due to reduced fatigue and higher energy utilization (Hartman et al., 2007). Furthermore, it has been reported that a higher training frequency is advantageous for muscle strength if an increased frequency also increases the training volume (Grgic et al., 2018). Of note, the same study also reported that a higher training frequency appeared to be favorable for muscle strength especially in women, compared to a lower training frequency (Grgic et al., 2018).

Training frequency can be increased by adding more training days per week or by increasing the number of daily training sessions. The latter, to divide the daily training program into multiple shorter sessions, is frequently used by athletes (Storey et al., 2012) and has shown promising results (Häkkinen and Kallinen, 1994; Hartman et al., 2007). For example, Hartman et al. (2007) examined nationally competitive male weightlifters and reported that performing two shorter sessions per day over a 5-week training period led to superior increases in muscle strength compared to performing one session per day. Therefore, it is possible that shorter sessions may lead to less fatigue and more work performed.

To the best of our knowledge, only one study has compared the acute effects of performing one long vs. two shorter resistance training sessions in 1 day (Bartolomei et al., 2011). Bartolomei et al. (2011) examined the effects of performing eight sets of 10 repetitions (75 s between sets) at 70% of 1-RM in bench press in resistance-trained men. The participants were divided into two groups: one group completed all sets in the same session while the other group split the sets into two shorter sessions (four sets per session). The results showed that the participants were able to complete the same number of repetitions at a higher training intensity (percentage of 1-RM) and had faster recovery rates when performing two shorter compared to one longer session.

How an activity is perceived might have implications as to whether a person chooses to continue with that activity (Ekkekakis et al., 2005; Williams et al., 2008). For example, shorter sessions lead to the use of higher training loads and promote faster recovery (Bartolomei et al., 2011). Furthermore, longer training sessions increase the perception of effort compared to shorter sessions (Fusco et al., 2020). This increased perception of effort may also lead to an increased perception of discomfort, since effort and discomfort have been shown to be related (Steele et al., 2016). If performing a daily training program in multiple short sessions leads to increased performance/training loads, faster recovery and less perception of effort and discomfort, it is also likely that it will be perceived as more pleasurable and enjoyable. Furthermore, the perception of being ready to train should be greater the following day.

Another argument for dividing the workout into shorter sessions is the aspect of time. Time is one of the most reported barriers for engaging in exercise (Hoare et al., 2017; Hurley et al., 2018) and having time to complete long workouts may be difficult. However, conducting two short sessions throughout the day may be more manageable and therefore be perceived as more pleasurable, enjoyable and preferable than one longer session. Importantly, no previous study has examined the perception of performing one long or two shorter resistance training sessions in 1 day.

Considering this gap in the literature, the aim of this study was to compare the acute effects of performing a lower body resistance-training program in one long or two shorter sessions in 1 day on training volume and different affective measures. We hypothesized that two shorter lower-body resistance-training sessions would lead to greater perceived pleasure, enjoyment, readiness to train and training volume, and lower perceived effort and discomfort, compared to one long session among resistance-trained women. Consequently, we also expected most participants to prefer dividing the workout into two shorter training sessions.



Materials and methods


Study design

We employed a within subject crossover design to compare the training volume and the affective responses from one long vs. two shorter resistance-training sessions for the lower body. The order of the sessions was randomized and counterbalanced. A familiarization session was conducted in advance of the two experimental sessions. The long session consisted of six exercises (in the order they were conducted: the squat, hip thrust, leg extension, leg press, lunge, and leg curl) focusing on the hip and thigh muscles. The same exercises, and exercise order, were performed in the two short sessions, three exercises per session (see Figure 1 for an overview of the different sessions). The two sessions were divided by a rest period of 3.5–5 h. Training volume, defined as repetitions per session (Haff, 2010; Scott et al., 2016) (using ~9 repetition maximum (RM) weights), and training duration was recorded during all sessions. Number of repetitions was used since all other intra-exercise variables (Coratella, 2022) were held constant between the different sessions. Ten minutes after completion of the sessions, participants were asked how they perceived the session related to effort, discomfort, pleasure/displeasure and enjoyment. Twenty-four hours after each session the participants were contacted through phone and asked about their readiness to train. Forty-eight hours after the last session, participants were contacted by mail asked which of the two sessions they would use as their regular training routine, and the main reason for their choice.


[image: Figure 1]
FIGURE 1
 An overview of the long and the two short sessions.




Participants

Twenty-three women with 3.9 ± 1.9 years of resistance-training experience were recruited to participate in the study. Their mean ± SD characteristics were; age: 22± 2 years, body mass: 66.4 ± 7.5 kg, stature: 166 ± 6 cm, self-reported 1-RM squat: 84 ± 19 kg, and self-reported 1-RM deadlift: 92 ± 20 kg. The sample size was justified performing a priori power analysis in SPSS (IBM Corp. Released 2020. IBM SPSS Statistics for Windows, Version 27.0. Armonk, NY: IBM Corp) based on the difference in training load between the groups observed in Bartolomei et al. (2011) (mean ± standard deviation; 59.9 ± 6.5 vs. 48.7 ± 5.3%), an alpha level of 0.5, Pearson product-moment correlation of 0.5 and power of 0.8. Participants were recruited through posters, personal invitations, meetings, and social media. To be included in the study the participants had to be 18–30 years old, have more than 2 years' experience with resistance-training, be familiar with and able to perform the exercises with good technique, and not have any injuries that prohibited maximal exertion. The participants agreed to refrain from alcohol and training of the lower body 48 h in advance of each session. Furthermore, they were asked to avoid all forms of physical training between the two short sessions or within 24 h after the sessions. They were informed orally and in writing about the procedures and provided a written consent before being enrolled in the study. The procedures were processed by the Norwegian Center of Research Data (ref nr 170233) and were conducted according to the Declaration of Helsinki and the ethical guidelines set by the University College‘s institutional review board.



Procedures

In the familiarization session we assessed participants' anthropometrics and defined the individual standardization and the training load for each exercise (~9-RM). The 9-RM loading was chosen because it is in the middle of the 6–12RM range recommended for resistance-trained individuals (Garber et al., 2011). Since the participants were experienced with the specific exercises and equipment, they self-reported their 9-RMs. If they were unsure of their 9-RM, they performed progressive sets in that specific exercise until they were able report a specific load. Importantly, regardless of whether 9-RMs were entirely accurate, the same loading was used in all sessions. We also introduced participants to the different affective scales in the following order: subjective experience of the sessions in terms of effort, discomfort, pleasure/displeasure and enjoyment (see measurements for more details).

The first training protocol was performed 3–5 days after the familiarization session and the two training protocols (long session vs. two brief sessions) were separated with 4–6 days. Before each session, the participants conducted a standardized warm-up consisting of 5 min cycling on a low intensity (Borg's RPE scale: 10–11) and two sets of squats lifting nine repetitions at 50% of the self-reported 9-RM. The rest interval between each set was 2 min.

The experimental sessions consisted of three sets per exercise using the same relative load (9-RM) and a rest interval of 2 min between sets and exercises. The only difference between the sessions was that in the long session all exercises were performed consecutively while in the two short sessions the first three and the last three exercises were divided by a rest period of 3.5–5 h.

The participants were instructed to have an external focus (i.e., focusing on moving the weight and not on using the muscles) and perform repetitions to failure in each set, where failure was defined as not being able to lift the weights throughout the range of motion or perform another repetition with proper technique. The repetitions were performed continuously (eccentric-concentric movement) in the participants self-selected/normal, but controlled tempo (i.e., always controlling the weights, no cheating allowed). The same two test leaders were present in all sessions to ensure that the execution of the repetitions (within and between the sets and sessions) was as identical as possible and that the standardizations from the familiarization session was used. An overview of the standardization and range of motion of the different exercises is presented in Table 1. Furthermore, the test leaders counted the repetitions in each set, kept track of time and presented the affective scales to the participants. To keep the sessions as similar to a regular training session as possible, the test leaders did not interfere with the lifting (e.g., spotting, motivating, giving feedback etc.). No inter-set rest was allowed. Since all other intra-exercise variables were held constant (Coratella, 2022), the total number of successful repetitions performed were used as a measurement of the training volume (Haff, 2010; Scott et al., 2016).


TABLE 1 Description of standardizations and execution of the different exercises.
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Measurements


Affective measures

The perception of the different sessions was assessed through four different scales. None of the participants had any previous experience with the scales. The scales were presented to the participants 10 min after completing the last set. The participants were asked to consider the whole session when giving their answers. All scales were shown to the participants while the test leader read the question which was also included above the scales. The mean of the answers from the two short sessions was used in the analysis. Prior to the study, the scales were translated from the original forms to Norwegian. The scales were translated independently by three of the authors (AHS, HP and VA). The three translations were then compared, discussed, and agreed upon the final versions. A professional translator translated these versions back to English which were compared with the originals. In general, there were only minor differences between the versions, which were adjusted after mutual agreement.

The perception of exertion was differentiated into effort and discomfort (Steele et al., 2016). Effort was measured using the rating of perceived exertion for effort scale (Borg CR-10 RPE), while discomfort was measured using the rating of perceived exertion for discomfort scale (RPD) (Fisher and Steele, 2017). Both scales consist of 11-items and ranges from no effort/discomfort to maximal effort/discomfort. Based on a previous recommendation (Halperin and Emanuel, 2020), the RPE scale was presented to the participants with the following phrase: “How much of your perceived physical capacity out of your perceived maximum (10 being your maximum) did you invest to complete this workout?”. The RPD scale was presented with the following phrase: “Based on the completed session, how much discomfort did you feel? The scale ends at 10 which could be described as you could not imagine the sensations relating to physical activity being any more intense?” (Steele et al., 2016). The upper and lower limit were anchored by the following sentence “0 can be described as feeling no noticeable sensation relating to the training while 10 would be the most intense training related sensation you could imagine.” Both scales have shown acceptable reliability (Steele et al., 2016).

The perceived pleasure/displeasure with the session was measured using the session pleasure/displeasure feelings scale (sPDF). The scale is a bipolar 11-point scale stretching from −5 (very bad) to 5 (very good), where 0 is considered neutral and have previously shown good reliability (Unick et al., 2015). The sPDF scale was presented with the following phrase: “How was your workout?” (Ribeiro et al., 2019). The upper and lower limits were anchored by the following sentence: “-5 can be described as perceiving the session as one of the worst/least pleasurable training sessions you have ever conducted while 5 would be one of the best/most pleasurable training sessions you have ever conducted.”

How much the participants enjoyed the sessions was measured using the exercise enjoyment scale (EES). The scale ranges from one to seven with one being “not at all” and seven being “extraordinary.” The scale was presented with the following question: “How much did you enjoy the exercise session?” (Schwartz et al., 2021). The upper and lower limit were anchored by the following sentence: “1 can be described as perceiving the session as one of the least enjoyable training sessions you have ever conducted while 7 would be one of the most enjoyable training sessions you have ever conducted.” The EES scale has been reported to be valid (Stanley et al., 2009).

Forty-eight hours after the last session, the participants were contacted by e-mail and asked the following questions: “If you had to choose one of the two training protocols (one long or two short sessions) as your regular training schedule, which would you prefer, and what is the main reason for this choice?”. The participants answered by replying to the mail. The answers were aggregated and grouped based on the underlying theme of the explanation.



Readiness to train

To evaluate how the different sessions affected the perception of training ability, the participants were contacted 24 h after long session and 24 h after the median of the two short sessions to answer a questionnaire regarding readiness to train (Lombard et al., 2021). The questionnaire consisted of seven questions with responses made from bipolar scales ranging from 1 to 4, 1 to 5 and 1 to 10. The upper and lower limit were anchored by the following sentence: “1 can be described as not at all/extremely low and 4, 5, 10 (depending on lower/upper end of the scale) can be described as extreme amount/extremely high.” The questions were: Q1“Do you feel physically strong today?”, Q2 “Do you feel mentally strong today?”, Q3 “How would you describe your health today?”, Q4 “How would you describe your appetite today?”, Q5 “How would you describe your sleep quality over the past 24 h?”, Q6 “Do you have any muscle soreness today?” and Q7 “Rate your motivation to train today”. The questionnaire has not been validated; however, it has shown to be more sensitive to fatigue than objective measures such as performance in countermovement jump (Lombard et al., 2021).




Statistical analysis

The Shapiro-Wilk test was used to assess normality in the continuous variables training duration and training volume (number of reps). Training duration was found to be normally distributed (p = 0.06–0.15) while training volume was not (p < 0.01). Paired t-tests were therefore used to assess differences in training duration while the Wilcoxon signed rank test was used to assess differences for training volume and the ordinal variables (RPE, RPD, sPDF, EES and readiness to train questionnaire). The results for the ordinal variables are presented as median (interquartile range) while the other variables are presented as means ± standard deviations. Cohen‘s d effect size (ES) was calculated for the continuous variables using the following equation: mean pre–mean post divided by the pooled standard deviations of the two. An effect size of 0.2–0.49, was considered small, 0.5–0.79 medium and ≥ 0.8 large (Cohen, 1998). For the ordinal data effects size was calculated as product-movement r using the following equation: r = z/√n, with z being the z-value of the Wilcoxon signed ranked test and n being the number of participants. A product-movement r of 0.1–0.29 was considered small, 0.3–0.49 medium and ≥ 0.5 large (Cohen, 1998). Statistical significance was accepted at p < 0.05. The statistical analyses were performed using SPSS (IBM Corp. Released 2020. IBM SPSS Statistics for Windows, Version 27.0. Armonk, NY).




Result

The median RPE and RPD was on average 1 point higher (RPE; Z = −3.536, p < 0.001 and RPD; Z = −2.022, p = 0.043, Table 2) in the long compared to the short sessions. Furthermore, the sPDF was also rated higher in the long session compared to the short session (Z = −2.589, p = 0.010) while there was no difference between the sessions for EES (Z = −1.565, p = 0.118).


TABLE 2 Affective measures and readiness to train for the long and the short sessions [median (interquartile range)].

[image: Table 2]

The training volume was 3% higher in the two short sessions compared to the long session (169 ± 11 vs. 164 ± 8 repetitions, p = 0.002, ES = 0.42, Table 3) while the training duration was 7% shorter in the short sessions (43 ± 2 vs. 46 ± 4 min, p = 0.005, ES = 0.89).


TABLE 3 Accumulated number of repetitions for three sets using ~9RM loading for each exercise in the long and short sessions (mean ± standard deviation).

[image: Table 3]

Twenty-four hours after the sessions there were no differences between the protocols in the perception of readiness to train (Z = −1.565– −0.182, p = 0.166–0.856, Table 1). When asked 48 hours after the last session which session they preferred as their regular training routine, 22 chose the long session while one participant chose the two short sessions.



Discussion

This is the first study to examine the acute perceptive effects of performing one long or two shorter resistance training sessions in 1 day. In agreement with our hypothesis, the results showed that in resistance-trained women performing one long session led to a greater perception of effort and discomfort and a reduced training volume compared to two shorter sessions. However, in contrast to our hypothesis, the long session was perceived as more pleasurable than the two short sessions. Furthermore, there was no difference in session enjoyment and readiness to train between the two protocols. When asked about which session they preferred, all except one participant preferred the long session.

A possible explanation for the increased training volume when performing two short sessions is that performing briefer and more frequent sessions allows for more intense sessions and thereby lifting more repetitions per set due to less accumulated fatigue (Hartman et al., 2007). Importantly and surprisingly, the difference was only three percent, and the effect size of this finding was considered small (ES = 0.42). Therefore, the importance of this finding is debatable, especially for the general population, although it might be of relevance for competitive strength training athletes as the cumulated effect can lead to a modest, but practically meaningful increase in training stimuli over time. Of note, the population in the present study was resistance-trained and may therefore be able to sustain the number of repetitions over a relatively long session. Although speculative, the difference might have been greater with a less experienced population.

Although the difference in repetitions became more evident as the sessions progressed, suggesting that the accumulated work ultimately resulted in fatigue and thus a decrement in performance, it was expected that the reduction in repetitions per set should be higher, especially in the long session. Importantly, in some of the exercises (squat and deadlift) there may be more of a technical failure (not able to keep a straight back etc.) compared to an absolute failure (the neuromuscular system not able to lift the weights one more time), which may have affected the ability to keep the number of repetitions relatively stable throughout the session. Further, the participants were not spotted during the lifts which, due to safety reasons, may have affected number of repetitions and consequently fatigue before aborting the set. However, these factors were kept identical in all sessions. As mentioned, the difference in volume emerged at exercises 3–6 in the long session (Table 3). Consequently, it would be interesting to compare a more extensive training program to observe if the difference becomes more apparent. Our finding is in accordance with Bartolomei et al. (2011), who compared performing eight sets of bench press in one or two sessions. In opposition to our design, they kept the number of repetitions constant and compared the training intensity (percentage of 1-RM). The authors reported a mean loading intensity of 59.9% of 1-RM when dividing the sets into two sessions compared to 48.7% when performing all sets in the same session.

As hypothesized, both the perception of effort and discomfort were increased after the long compared to the two short sessions. When increasing the work and/or work rate, the metabolic and endocrine stress responses also increase (Paz et al., 2017; Weakley et al., 2017). Further, accumulation of different metabolic factors has been shown to increase the sensation of fatigue and pain/discomfort (Pollak et al., 2014) and may therefore explain our results. Notably, effort and discomfort are different perceptions, however, they are reported to be related (Steele et al., 2016), and the increased perception of effort and discomfort observed in our study could, at least partly, explain each other.

Contrary to our hypothesis, the long session was considered more pleasurable despite being perceived as more strenuous and discomforting. The difference in session pleasure may be related to the resistance-trained sample who therefore may enjoy sessions that are perceived as more discomforting and more demanding in regard to effort. This speculation is supported by the fact that 22 out of 23 reported to prefer the long session. Furthermore, the feeling of an intense workout, together with time-efficiency was the most common explanations for that choice. Importantly, time-efficiency is most likely related to the surroundings of the training (not having to travel to the training center twice in a day), and not the training per se.

Our finding is in line with the results from a previous study from our lab comparing traditional and superset resistance training among resistance-trained (Andersen et al., 2022). The study indicated that the more strenuous superset session led to higher discomfort and effort among participants, but also tended to be more pleasurable (Andersen et al., 2022).

There was no difference between the two protocols in the perceived readiness to train 24 h after the sessions. Although, the training volume difference was statistically significant, the difference was rather small (3%). Therefore, the difference might have been too small to induce differences in the perception of readiness to train 24 h after the sessions. Our finding differs with that of Bartolomei et al. (2011) reported a faster recovery process when dividing the total training volume into two shorter sessions. Importantly, Bartolomei et al. (2011) measured the recovery process by objective measures, such as isometric bench press and power output in the bench press, which could explain the different findings between the studies. Of note, Bartolomei et al. (2011) did not report any difference in muscle soreness between the protocols 24 h after the sessions.

The study has some limitations that should be considered when drawing practical conclusions. Only resistance-trained women were recruited to this study and the findings therefore may not necessarily be generalizable to other populations. Further, only exercises for the lower body were included in the sessions. The findings may have been different if a greater training volume had been implemented, either by including the upper body or increasing the number of exercises/sets for the lower body. Importantly, we wanted the sessions to have a high ecological validity. Therefore, we designed the program as a typical split workout routine and used a total training volume of 18 working sets for the thigh- and hip muscles, which is relatively high. Although the different scales were presented to the participants in the familiarization session, they were not familiar with them prior to the study and the scores might have been different if they had had more experience with the scales. Importantly, the order of the sessions was randomized and counterbalanced so a potential familiarization effect from the first to the second training protocol would have been evened out. Also, the measures were only assessed after the sessions. It has been shown that people are more positive toward training after the exercise (affective rebound effect) (Ekkekakis et al., 2011). Therefore, the perception of the sessions may have changed throughout the sessions. The load used in the present study was the participants self-reported 9-RM. Consequently, the load lifted may not be their true 9-RM. However, as shown in Table 3, the reported load was close to the number of repetitions actually lifted. Importantly, the same load was used in all sessions to allow for comparisons between the different training programs. Finally, menstrual cycle and nutritional intake was not controlled in the study, which may have influenced the results.

From a practical point of view, splitting the lower body workout into two shorter intra-day sessions produced favorable increases in training volume and reductions in perceived rating of effort and discomfort in resistance-trained women. However, the long session was perceived as more pleasurable and 96% (22 out of 23) of the participants preferred the long session for their normal training routine. The two main reasons for this choice were time-efficiency, i.e., don‘t have to go to the gym twice, and an appreciation of the feeling of having performed a hard/exhausting session. Regarding time-efficiency, for some people it can be easier to schedule two short training sessions rather than one longer session depending on proximity to training facilities and individual time schedules. Thus, from a time-efficiency point of view, and in support of previous findings (Iversen et al., 2021), people should choose between performing one long or two shorter sessions in 1 day depending on what suits their individual calendar and preferences. Importantly, the different conditions did not affect the participants‘ readiness to train more than the other. Although these findings may be exclusive for the sample of the present study (resistance-trained women), it implies that there are several factors that should be considered when designing resistance training programs.

In conclusion, performing a longer, lower body resistance-training session led to greater perceptions of effort, discomfort and session pleasure than splitting the same program into two shorter sessions in resistance-trained young women. However, two shorter intra-day sessions led to modestly higher training volume, defined as number of successful repetitions.
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Background: Evidence suggests positive affective response during physical activity increases the likelihood of engaging in and maintaining regular activity exercise in the future. Elucidating antecedents for a positive affective response may help identify intervention strategies to increase activity. Affectively-charged motivations (e.g., desires, urges, dreading) have been posited as proximal antecedents to physical activity but have yet to be examined in terms of their influence on affective response in real-world settings. The current study used ecological momentary assessment (EMA) to examine within-subject effects of pre-physical activity affectively-charged motivation on subsequent affective response during physical activity.

Methods: Participants included 56 adults (M = 39.18 years, SD = 11.98; 67.86% female) who completed a 14-day smartphone-based EMA study. Prior to starting physical activity (time t), participants self-initiated an event-contingent EMA survey that assessed affectively-charged motivation for physical activity (i.e., rating scale from “dreading it” to “excited to do it”). EMA surveys prompted during subsequent physical activity (time t + 15 min) assessed affective response (i.e., feeling good—bad, energized—exhausted, thrilled—miserable, interested—bored, and relaxed—nervous). Multi-level linear regression models examined within-subject effects of pre- physical activity affectively-charged motivations on subsequent affective response during physical activity controlling for between-subjects effects of affectively-charged motivation, age, biological sex, time of day, and day of the week.

Results: Overall, there were N = 304 physical activity occasions in the analysis (M = 5.43, SD = 3.97). When individuals reported more positive affectively-charged motivation for physical activity than usual before physical activity occasions, they reported feeling more energized (Estimate = 0.22, p < 0.001), good (Estimate = 0.25, p < 0.001), thrilled (Estimate = 0.12, p = 0.02), and interested (Estimate = 0.24, p < 0.001) during subsequent physical activity. Affectively-charged motivation was not associated with feeling more relaxed (Estimate = 0.11, p = 0.13) during subsequent physical activity.

Conclusion: Momentary affectively-charged motivations predicted more positive affective response during subsequent physical activity among active adults. Future research can explore potential sources of intraindividual differences in affectively-charged motivations and further examine these associations with future physical activity behavior. To improve positive affective responses, interventions may boost affectively-charged motivations through real-time mobile prompting in naturalistic settings.

KEYWORDS
 affective, physical activity, exercise, motivation, experience sampling method (ESM)/ecological momentary assessment (EMA)


Introduction

Affective constructs have received increased attention and have been applied to conceptual models (1–4), theories, research, and interventions for physical activity (5–7). Consistent with hedonic theories of behavior, affective response during physical activity has been posited as a key determinant of future physical activity behavior (8). Hedonic theories suggest humans tend to maximize pleasure and minimize displeasure, and affective response to a behavior may influence future decisions on whether or not to repeat that behavior (9, 10). Affective response during physical activity has been shown to be associated with future activity levels; research suggests positive affective response during physical activity increases the likelihood of engaging and maintaining physical activity in the future (11). For example, adults who engaged more positive affective response during a moderate-intensity bout of exercise in the laboratory reported more minutes of physical activity at both 6 and 12 months later (12). In practice, these findings translate to a one-unit increase in positive affective response on an 11-point scale being associated with an increase in 38 and 41 min of physical activity per week at 6 and 12 months, respectively (12). The World Health Organization recommends adults engage in at least 150 min of moderate-to-vigorous-intensity physical activity per week for optimal health benefits such as reducing the risk for cardiovascular and metabolic diseases, some cancers, symptoms of depression and anxiety, and premature mortality (13). However, most adults do not meet the recommended levels of activity (14). Therefore, understanding the antecedents to having a positive affective response during physical activity can help identify intervention strategies to promote regular physical activity.

Affectively-charged motivations have been posited as proximal antecedents to physical activity but have yet to be examined in terms of their relevance to affective response to physical activity. While there are varying conceptualizations of motivations for physical activity (4, 15), Stevens and colleagues state affectively-charged motivation for physical activity includes motivational states that have their basis in past affective responses to physical activity, such as hedonic motivation (i.e., desire, dread, craving), intrinsic motivation, and fear (8). Affectively-charged motivation is related to affective response such that people typically crave or desire experiences in which they have had a previous positive affective response (4). Affectively-charged motivation and affective response may be based in hedonism, but they are two distinct constructs that may individually and uniquely contribute to physical activity. It is also unclear whether affectively-charged motivation predicts how one will respond affectively when they engage in subsequent physical activity. Elucidating the proximal antecedents of affective response is critical for understanding how to improve affective response, and in turn increase physical activity behaviors.

Previous literature has examined concurrent determinants of affective response to physical activity. For example, higher positive affective response was reported when engaging in physical activity with other people as compared to being alone, and higher negative affective response was reported when engaging in physical activity indoors as compared to outdoors (16). Robust findings from laboratory studies have also demonstrated the association between physical activity intensity and affective response (17). Findings indicate homogenous negative shifts in affective valence as physical activity intensity increases beyond one's ventilatory threshold, yet there is heterogeneity in affective response to moderate-intensity activity based on fitness levels, body composition, and cognitive factors (18, 19). Despite these findings, there is limited research exploring the interconnection between affective constructs.

Previous research on affective response to physical activity has largely been conducted in laboratory settings; however, research in naturalistic settings is necessary to elucidate these processes in naturally-occurring physical activity in everyday life and how these processes occur on a moment-to-moment basis. Ecological momentary assessment (EMA)—a real-time data capture methodology that involves repeatedly assessing participants' current states, behaviors, and context in naturalistic settings—is well-suited to gather data on naturally occurring phenomenon such as affective constructs (20). EMA methods aim to reduce biases related to recall by assessing current states and behaviors, or recent ones. Unlike traditional retrospective study designs, EMA methods can provide information at the momentary level. Additionally, this data can more accurately portray participants' typical context and settings (21). Multiple assessments through EMA can also address research questions about within-person variation in affective determinants and how processes unfold over time. For example, within-person variability in desires, cravings, and wants have been less explored. Results across five validation studies for the Cravings for Rest and Volitional Energy Expenditure scale indicated desires/wants are transient and more of a motivation state rather than a trait (22). Understanding whether there are intraindividual differences in affectively-charged motivation on affective response during physical activity can highlight the importance of targeting affectively-charged motivation in interventions.

Therefore, the objective of the current study was to use EMA to examine the within-subject effects of pre-physical activity affectively-charged motivation on subsequent affective response during physical activity in naturalistic settings among physically active adults. It was hypothesized that on physical activity occasions when individuals reported more pre-physical activity affectively-charged motivation than usual, they would report more positive affective response during subsequent physical activity. Specifically, reporting feeling more excited (vs. dread)—than usual—before a physical activity bout would be associated with reports of feeling more energized, good, thrilled, interested, and relaxed during subsequent physical activity. Feeling good (vs. bad), energized (vs. exhausted), thrilled (vs. miserable), interested (vs. bored), and relaxed (vs. nervous) were selected to assess affective response in order to represent the two fundamental dimensions of affect as suggested by the circumplex model (i.e., valence and arousal) (23).



Materials and methods


Overview and design

An intensive longitudinal study design using a 14-day interval-contingent/fixed time-based and event-contingent EMA study examined affective mechanisms associated with recreational, leisure-time physical activity. Data collection took place between August 2020 and August 2021. All study recruitment and data collection took place remotely to eliminate in-person interactions during the coronavirus disease 2019 (COVID-19) pandemic. This study was conducted in accordance with the Declaration of Helsinki and all aspects of the study were approved by the Institutional Review Board at the University of Southern California (UP-20-00321).



Participants and recruitment

To be eligible for the study, participants needed to: (1) be between the ages of 18–65 years old; (2) able to read and speak in English; (3) use an Android smartphone as their primary personal phone; and (4) currently engage in at least 60 min of structured exercise a week. Exclusion criteria included: (1) cardiovascular, respiratory, muscular, or bone/joint problems that preclude physical activity; (2) taking psychotropic medications; (3) receiving treatment for any psychiatric disorder; (4) inability to answer smartphone-based survey for extending periods of time due to work, care giving, or driving requirements; (5) have a body mass index under 18.5 kg/m2 or over 50 kg/m2 (categorized as underweight or morbidly obese); (6) current cigarette smoker; (7) diabetic; (8) unable or unwilling to answer EMA surveys while exercising; (9) been treated for cancer within the past 6 months (e.g., chemotherapy, surgery, radiation); or 10) swim for exercise more than once a week. Inclusion and exclusion criteria were established to: include participants that regularly engage in physical activity to guarantee activity data in naturalistic settings; consider the health and safety of participants; ensure that sufficient data is collected from the smartphone during the 14-day period.

Potential participants were recruited through social media postings, website postings, and advertisements on platforms such as Facebook, Twitter, Instagram, and Reddit. Emails were also sent to potentially eligible participants through ResearchMatch (a national health volunteer registry that was created by several academic institutions and supported by the U.S. National Institutes of Health as part of the Clinical Translational Science Award program). Previous study participants from University of Southern California research studies—who had previously indicated that they were willing to be contacted for future research—were also contacted through email. Interested individuals were asked to complete an electronic interest form, in which study staff assessed for initial eligibility. If participants were considered potentially eligible, they were then immediately prompted to fill out a short questionnaire to further assess eligibility. Eligible participants were then contacted by a study staff member to participate in the study.



Procedures

Eligible participants were invited to complete a baseline session through video conference with study staff. During the baseline session informed consent was obtained and a consent form was electronically signed. Participants were given a link to complete an electronic baseline questionnaire though an online survey platform REDCap (Research Electronic Data Capture) (24). Participants were able to complete the survey on a mobile phone, tablet, or desktop device. Participants received instructions on how to download the study smartphone application on the participant's personal smartphone and answer EMA surveys through a virtual orientation with a study staff member. Participants also wore a waist-worn accelerometer during the 14-day period; however, the data was not used in the current analyses to answer the study objectives. After the study period, participants completed an exit interview through videoconference with a study staff member. Participants received up to 150 USD for study participation with incentives based upon compliance to study procedures.



Measures
 
Ecological momentary assessment

Participants downloaded a free EMA application and completed 14 consecutive days of EMA on their personal Android smartphone. EMA data were collected through a commercial software mobile phone application for Android smartphones (movisensXS by movisens GmbH; Karlsruhe, Germany). Participants responded to event-contingent EMA surveys. Participants were instructed to manually initiate a “pre- physical activity” EMA survey in the smartphone application before each time that they did physical activity during the 14-day period. The survey took about 1 min to complete. Following the completion of the pre- physical activity EMA survey, participants were instructed to begin their physical activity as planned. The smartphone application automatically prompted additional “during- physical activity” EMA surveys 15 min after the completion of the pre- physical activity survey through an audible noise and or/vibration. Participants were asked to briefly pause their activity, complete the EMA survey if it was safe to do so, and then return to their activity. Each during- physical activity survey took about 30 s to complete. If no entry was made, the application sent one reminder signal in 5 min. After the reminder signal, the EMA survey closed and was no longer accessible to the participant.



Affectively-charged motivations

During the pre-physical activity EMA surveys participants were asked “Do you intend to exercise in the next 15 min?” with answer options “Yes,” “No,” “Not sure.” If “yes” was selected, participants were subsequently asked “How do you feel about exercising in the next 15 min?” A sliding scale from “Dreading it” to “Excited to do it” was provided on the screen. Although participants were not presented numeric values on the screen, the EMA application assigned a numeric value to where the slider was positioned ranging from 0 (“Dreading it”) to 100 (“Excited to do it”); higher values indicated more positive affectively-charged motivation. This item was developed by the study investigators/authors.



Pre-physical activity affect

The pre-physical activity EMA prompt assessed momentary affect. Participants were asked “How do you feel right now?” On the same screen, five visual analog scales were presented: “Bad” to “Good,” “Exhausted” to “Energized,” “Miserable” to “Thrilled,” “Bored” to “Interested,” and “Relaxed” to “Nervous” (23, 25–27). A numeric value, ranging from 0 to 100, was assigned to the slider position. For the analyses, higher values indicated feeling more good, energized, thrilled, interested, and relaxed.



Affective response

The during-physical activity EMA prompt assessed affective response during physical activity. The first item of the survey asked, “Are you finished exercising?” If participants indicated “No,” then affective response during physical activity was measured. Participants were asked “How do you feel right now?” On the same screen, five visual analog scales were presented: “Bad” to “Good,” “Exhausted” to “Energized,” “Miserable” to “Thrilled,” “Bored” to “Interested,” and “Relaxed” to “Nervous” (23, 25–27). Each sliding scale did not have visible numeric values; however, the EMA application assigned a numeric value based on the slider position ranging from 0 to 100, with higher values indicating feeling more good, energized, thrilled, interested, and nervous. For the analyses, feeling nervous was reverse coded so a higher value indicated feeling more relaxed.



Participant characteristics

Participants self-reported the following characteristics in the baseline survey: age, sex at birth (male, female), gender identity (male, female, trans male/trans man, trans female/trans woman, genderqueer/gender non-conforming, different identity) race (American Indian or Alaska Native, Asian Indian, Black or African American, Chinese, Filipino, Guamanian or Chamorro, Japanese, Korean, Native Hawaiian, Other Asian, Other Pacific Islander, Samoan, Vietnamese, and White); ethnicity (Hispanic, Latino/a, or Spanish origin, not Hispanic, Latino/a, or Spanish origin); total combined family income for the past 12 months (< $12,000, $12,000–24,999, $25,000–34,999, $35,999–44,999, $45,000–54,999, $55,000–64,999, $65,000–74,999, $75,000–84,999, $85,000–94,999, $95,000–104,999, $105,000–114,999, $115,000–124,999, and >$125,000); and employment status (employed for wages, self-employed, out of work for 1 year or more, out of work for < 1 year, homemaker, student, retired, and unable to work). Participants were not required to answer these questions if they preferred not to.




Statistical analyses

The analytic plan was specified prior to the analysis. To test the study objective of examining within-subject effects of pre-physical activity affectively-charged motivation on subsequent affective response during physical activity, multi-level linear regression models were conducted. Affectively-charged motivation was disaggregated into within-subject (Level-1, physical activity occasion) and between-subject (Level-2, participant) levels to partition the variance (28). The within-subject variance represents the deviation from one's own mean on any given physical activity occasion and the between-subject variance represents the individual mean deviation from the grand mean deviation (mean of all observations across all participants) (29). The outcomes—feeling good, energized, thrilled, interested, and relaxed—were examined in separate multi-level models. All models adjusted for the following variables a priori: between-subject effects of affectively-charged motivation, pre-physical activity affect, age, sex at birth (female, male), time of day (morning 6 A.M.-12 P.M.; afternoon 12 P.M.-6 P.M.; evening 6 P.M.-6 A.M.), day of week (weekday, weekend day). All analyses were conducted in SPSS Version 25 and statistical significance was set at p < 0.05. Unstandardized regression coefficients, standard errors, and p-values are reported.




Results


Data availability

A total of 720 individuals expressed interest in the study and completed the online eligibility questionnaire. Of this number, 206 individuals were eligible, and 76 individuals subsequently agreed to participate in the study and completed informed consent. A total of 68 participants had some completed EMA data (i.e., responded to at least one EMA survey) during the 14-day period. There were 684 completed pre- physical activity observations and 327 completed during- physical activity observations (i.e., 15 min after the completion of the pre- physical activity EMA prompt) among 66 participants. After matching the pre- physical activity and during- physical activity observations, the final analytic sample included N = 56 participants (Level-2) and N = 304 physical activity occasions (Level-1).



Participant characteristics

Descriptive statistics for participant characteristics are shown in Table 1. Participants ranged in age from 22 to 65 years with an average age of 39.2 (SD = 12.0) years. Most participants selected “female” sex at birth and self-identified as White. About 64% of the sample were employed for wages and 43% reported a total combined family income for the past 12 months of >$65,000. The average number of physical activity occasions per participant was 5.43 (range 1–19) during the 14-day period. The mean affectively-charged motivation [0 (“Dreading it”) to 100 (“Excited to do it”)] was 75.2 (SD = 20.2). Affective response during physical activity scores were: feeling good (M = 77.7, SD = 14.4), feeling energized (M = 72.7, SD = 17.7), feeling thrilled (M = 71.8, SD = 15.4), feeling interested (M = 73.7, SD = 17.5), and feeling relaxed (M = 71.1, SD = 19.9).


TABLE 1 Participant characteristics (N = 56).
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Within-subject effects of affectively-charged motivation on affective response during physical activity

A series of multi-level linear regressions examined the within-subject effects of affectively-charged motivation on affective response during subsequent physical activity. Unstandardized coefficients and standard errors are shown in Tables 2–4. Neither day of week (weekend day vs. weekday) or time of day (morning vs. evening and afternoon vs. evening) were significantly associated with affective response in all four models. There were significant within-subject effects such that when individuals reported more positive affectively-charged motivation for physical activity than usual before physical activity occasions, they reported feeling more energized (Estimate = 0.22, p < 0.001), good (Estimate = 0.25, p < 0.001), thrilled (Estimate = 0.12, p = 0.02), and interested (Estimate = 0.24, p < 0.001) during subsequent physical activity. Results indicate that for every 10-point increase in affectively-charged motivation (i.e., excited to do it vs. dreading it), their affective response (i.e., feeling energized, good, thrilled, and interested) during subsequent physical activity score increased by about 2 points. Affectively-charged motivation was not associated with feeling more relaxed (Estimate = 0.11, p = 0.13) during subsequent physical activity.


TABLE 2 Multi-level models examining the association between affectively-charged motivation and feeling good and feeling energized.

[image: Table 2]


TABLE 3 Multi-level models examining the association between affectively-charged motivation and feeling thrilled and feeling interested.

[image: Table 3]


TABLE 4 Multi-level models examining the association between affectively-charged motivation and feeling relaxed.
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Discussion

To our best knowledge, the current study is the first known attempt to assess associations between affectively-charged motivation and subsequent affective response during physical activity in naturalistic settings among physically active adults. Furthermore, EMA data was used to examine interindividual differences in affectively-charged motivations (i.e., within-subject effects) on affective response. Findings indicated greater momentary affectively-charged motivation predicted more positive affective response during subsequent physical activity. On physical activity occasions when individuals reported more positive affectively-charged motivation for physical activity than usual, they reported feeling more energized, good, thrilled, and interested, but not more relaxed, during subsequent physical activity. This study contributes knowledge on proximal antecedents of affective response to physical activity and underscores the importance of examining how variations in motivation for physical activity works in the moment.

Despite the recent call to attention for examining motivation states for movement (15), this area of research has been mostly overlooked. A recently published scoping review protocol on urges to move and motivation states for physical activity among healthy and clinical populations noted that the scope of the literature describing affectively-charged motivational states remains largely unknown (30). Little research has been conducted on measuring desire or craving for physical activity; the vast majority of research on motivation states focused on health behaviors such as alcohol, smoking, substance use, and eating (31–33). However, one published study investigated desires for experiences people's natural environments and findings revealed desire strength was significantly above average for sports participation, and other experiences including sleep, sex, hygiene, social contact, and non-alcoholic drinks (34). Our study's findings contribute to the limited literature base on affectively-charged motivation for physical activity and provide further evidence for motivation states varying from moment-to-moment. Future studies can extend these findings by conducting additional intensive longitudinal studies on affectively-charged motivations in naturalistic settings among different populations and examine potential associations with other affective determinants (e.g., processed affect) and objectively-measured activity.

Given the previous evidence for associations between affective response and future physical activity behaviors (10, 11), intervention strategies which result in positive shifts in affective valence during physical activity need to be developed. The current study's findings suggest that efforts to influence affective response during physical activity may be more effective if affectively-charged motivations are considered or targeted. Stults and colleagues proposed general approaches for increasing desires or urges to move, such as: modifying the reward value of exercise by making it more pleasurable/less punishable, environmental and situational conditions to boost motivation states to move, ‘nudging' people in response to desires/cravings, and taking advantage of urges/desires for other rewarding behaviors to encourage the development of desires to move (15). An example of the latter approach is the gamification of Pokémon GO—which is contingent on physical movement—and therefore may increase the reward value of movement (35). Real-time mobile prompting may also prove to be efficacious for increasing physical activity by targeting momentary affectively-charged motivations in real-time and real-world settings. Given that recommendations have also been applied to affective processing, additional research on distinct techniques for targeting affectively-charged is warranted (7).

Our findings provide support for the associations between affectively-charged motivation and affective response (i.e., feeling good, energized, thrilled, and interested) during physical activity, but associations with feeling relaxed were non-significant. The null associations between affectively-charged motivation and feeling relaxed may be due to the fact that affectively-charged motivation (“feeling excited”) is an activating motivation, whereas “feeling relaxed” is a deactivated affective response. While both items are similar in valence (i.e., positive), they differ in their activation state. To build upon these findings, additional research is needed to examine whether these associations predict future physical activity behaviors. Longitudinal research with repeated assessments or experimental designs could elucidate the potential causal pathways in which affectively-charged motivation and affective response influence physical activity (8). Furthermore, studies could determine whether solely targeting affectively-charged motivation or solely targeting affective response, or both simultaneously, is the most successful for promoting future activity. Some intervention strategies—such as evaluative conditioning (i.e., changing attitudes through an object's pairing with a positively valanced stimuli)—may influence multiple affective constructs such as affectively-charged motivation, affective response, and affective processing (7, 8, 36). Considering multiple affective determinants and how they vary from moment-to-moment can strengthen previous physical activity interventions predominantly focused on targeting cognitive factors.


Strengths and limitations

The study had several strengths such as the assessment of multiple affective constructs in naturalistic settings and the ability to examine within-subjects associations through multiple assessments per participant. To our best knowledge, this is the first published study to examine associations of affectively-charged motivations and affective response through EMA in participants' everyday lives. The study extends previous research conducted in laboratory settings, yielding more generalizable findings. However, the study did have some limitations. First, only one item was used to assess affectively-charged motivation for physical activity in the pre-physical activity EMA survey. Future EMA studies could use or adapt items from newer measurement scales; in example, the Cravings for Rest and Volitional Energy Expenditure (CRAVE) assessment measures motivation states (i.e., wants, desires, urges) for physical activity and sedentary behavior “at this very moment (i.e., Right now)” (22). Prior to the development of CRAVE, there has not been a validated instrument to assess affectively-charged motivation specifically to physical activity and previous research often asked participants to retrospectively report their motivations. Future EMA research could incorporate validated measures, and future research needs to seek a consensus on terms and definitions used to describe the constructs of desire, craving, wanting, and dread. Furthermore, conceptual and theoretical models can establish whether these are each unique, individual constructs in regards to the target behavior, or if they fall under distinguished categories such as affectively-charged motivational states, hedonic motivation, or automatic motivation (15). Another study limitation to note is that the study may not have captured all physical activity occasions that occurred during the 14-day study period. Participants were given the option to dismiss the during-physical activity EMA survey prompt, and they may have dismissed a survey if it was unsafe for them to complete the survey while exercising (e.g., biking, running through city streets). One of the study's strengths was the ability to assess self-initiated physical activity occurring in naturalistic settings. However, it may not be feasible or safe to capture all types of physical activity. Lastly, the sample largely consisted of self-identifying females from middle-to-higher income households, who also were already engaging in regular physical activity (i.e., at least 60 min per week). Findings may not be generalizable to other sub-groups such as those who are not currently physically active. In addition, the analytic sample included 56 adults (73% of participants enrolled in the study). However, the intensive longitudinal study design allowed us to examine over 300 physical activity occasions. Additional research is needed to examine these momentary associations in larger, more representative samples.




Conclusion

Overall, study findings suggest momentary affectively-charged motivation predicted more positive affective response during subsequent physical activity in naturalistic settings among active adults. These results contribute to the limited literature on affectively-charged motivation for physical activity and underscore the importance of including affective constructs in research and physical activity programming. Future studies should examine casual pathways in which affectively-charged motivation and affective response predict future engagement in physical activity. Interventions seeking to promote physical activity may benefit by developing targeted strategies to enhance affectively-charged motivation.
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Despite the global efforts to encourage people to regularly participate in physical activity (PA) at moderate-to-vigorous intensity, an inadequate number of adults and adolescents worldwide meet the recommended dose of PA. A major challenge to promoting PA is that sedentary or low-active people experience negative shifts in affective valence (feeling bad versus good) in response to moderate-to-vigorous intensity PA. Interestingly, empirical data indicate that listening to music during acute bouts of PA positively alters affective valence (feeling good versus bad), reduces perceived exertion, and improves physical performance and oxygen utilization efficiency. From the viewpoint of the ancient principle of psychological hedonism – humans have ultimate desires to obtain pleasure and avoid displeasure – we elaborate on three putative mechanisms underlying the affective and ergogenic effects of music on acute bouts of PA: (1) musical pleasure and reward, (2) rhythmic entrainment, and (3) sensory distraction from physical exertion. Given that a positive shift in affective valence during an acute bout of PA is associated with more PA in the future, an important question arises as to whether the affective effect of music on acute PA can be carried over to promote long-term PA. Although this research question seems intuitive, to our knowledge, it has been scarcely investigated. We propose a theoretical model of Music as an Affective Stimulant to Physical Activity (MASPA) to further explain the putative mechanisms underlying the use of music to promote long-term PA. We believe there have been important gaps in music-based interventions in terms of the rationale supporting various components of the intervention and the efficacy of these interventions to promote long-term PA. Our specification of relevant mechanisms and proposal of a new theoretical model may advance our understanding of the optimal use of music as an affective, ergogenic, and sensory stimulant for PA promotion. Future directions are suggested to address the gaps in the literature.
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1. Introduction

Mounting evidence indicates that regular physical activity (PA) is associated with numerous health benefits (Warburton et al., 2006; Reiner et al., 2013) whereas insufficient PA is found to be the fourth leading cause of global mortality, accounting for approximately 3.2–5 million deaths every year (Lee et al., 2012). As such, serious efforts have been made at a global and national level to encourage people to regularly engage in PA at work, in transit, or for leisure (Haskell et al., 2007; Piercy et al., 2018; Bull et al., 2020). Public health officials recommend moderate-to-vigorous intensity PA (MVPA) for 150–300 min/week for adults and for at least 60 min/day for children and adolescents (Bull et al., 2020). However, it has been reported that approximately 30% of adults and 80% of adolescents worldwide do not reach the recommended levels of MVPA (WHO, 2020), and the rates further decline in obese and elderly populations (Bennie et al., 2019; Du et al., 2019; Lee et al., 2020), especially in high-income countries (Hallal et al., 2012; Piercy et al., 2018). Overweight and obese adults’ MVPA rate is 20–50% lower than healthy weight adults (Bennie et al., 2019), and a more progressive decline in PA is seen after ages 60–65 (Troiano et al., 2008; Du et al., 2019) when the health benefits of PA become pronounced. Despite the global and national efforts to communicate the health benefits of PA, the rate of PA is lower than desired, which can bring about harmful sequelae for society and individuals (Kohl et al., 2012).

The psychosocial factors predicting or causing PA behaviors have attracted scientific interest (for reviews, see Marcus et al., 1996; Brand and Cheval, 2019; Biddle et al., 2021; Huffman et al., 2021; Stults-Kolehmainen et al., 2022). Over the past two decades, the motivational role of “affect,” a gestalt construct with valence (pleasure versus displeasure) and arousal (high versus low) dimensions (Russell, 1980), has received increasing attention as a key factor eliciting motivation for PA (Ekkekakis and Petruzzello, 1999; Ekkekakis, 2003, 2017; Williams, 2008; Rhodes et al., 2009; Rhodes and Kates, 2015; Lee et al., 2016; Murphy and Eaves, 2016; Williams and Bohlen, 2019; Stevens et al., 2020; Stults-Kolehmainen et al., 2020). This is an important direction because a major challenge to promoting PA is that low-active people often experience more negative affective valence than high-active people in response to MVPA (Ekkekakis et al., 2011). This negative affective response is a critical barrier to adoption and maintenance of PA because, according to the ancient principle of psychological hedonism, human behaviors are driven by a propensity to maximize pleasure and minimize displeasure (Cabanac, 1992; Kahneman et al., 1997; Williams, 2018; Williams, 2019; Young, 1952). This means that when people like – or at least do not dislike – a single session of PA (hereafter referred to as acute PA), they are more likely to repeat it on a regular basis. This notion is supported by a systematic review showing that a positive shift in affective valence during an acute exercise bout predicted PA in the future, whereas negative shifts in affective valence predicted less PA (Rhodes and Kates, 2015). An affect-based approach to PA promotion may be a timely and important strategy (Ekkekakis, 2017; Williams and Bohlen, 2019; Stevens et al., 2020; Stults-Kolehmainen et al., 2020).

Scientists have demonstrated that music can have motivational effects on PA (Karageorghis and Terry, 1997; Karageorghis et al., 1999; Priest et al., 2004; Karageorghis and Priest, 2012a; Bigliassi et al., 2016). A recent meta-analysis of 139 studies revealed that music listening prior to or during acute PA increases positive affective valence (g = 0.48, CI [0.39, 0.56]), reduces ratings of perceived exertion (RPE; g = 0.22, CI [0.14, 0.30]), enhances physical performance (g = 0.31, CI [0.25, 0.36]), and improves oxygen utilization efficiency (VO2max; g = 0.15, CI [0.02, 0.27]) compared to PA without music (Terry et al., 2020). Moderation meta-analyses further revealed that the beneficial effects of music on affective valence and RPE are present across the full range of PA intensity (Terry et al., 2020). These findings substantiate the idea that music makes PA more joyous, less arduous, and more energetic and efficient. In other words, music becomes an affective and ergogenic stimulant to PA. This raises a research question about its underlying mechanism: How does music provide such effects on PA? Although conceptual models have been proposed to address this research question (Karageorghis et al., 1999; Karageorghis, 2015; Clark et al., 2016a), these models do not incorporate concurrent theories of motivation and thus lack a thorough theoretical foundation. Hence, in Section 2, we propose a theoretical model to elucidate the putative mechanism underlying the effects of music stimulation for acute PA from the views of psychological hedonism. In our description of the mechanisms, we suggest methodologies of music manipulation (i.e., beat-accentuation, tempo-synchronization, and personally preferred music selection) that may maximize the effects of putative mechanisms.

The evidence that music Increases positive affective valence and reduces RPE during acute bouts of PA implies that music leads to more positive evaluations of PA sessions – to like it more or dislike it less. This raises another research question: Can the affective effects of music on PA be carried over from acute to long-term phases to motivate regular PA? Although the answer seems intuitive, to our knowledge, this research question has been scarcely investigated and a theoretical basis has not been proposed. However, there is some empirical evidence supporting this possibility. A randomized control trial (RCT) revealed promising results that walking-for-exercise with personally-preferred, beat-accented, tempo-synchronous music playlists substantially increased the weekly volume of PA over 3 months compared with the same exercise prescription with non-beat-accented music playlists or without music among midlife-to-older adults in a home-based cardiac rehab program (Alter et al., 2015). We discuss these findings in comparison with other evidence in the literature (Section 3) and elaborate on the long-term implications of the theoretical model to further our understanding of the potential effects of music for increasing and maintaining regular PA – hereafter referred to as long-term PA (Section 4). Given that prior conceptual models of music stimulation are limited to acute PA (Karageorghis et al., 1999; Karageorghis, 2015; Clark et al., 2016a), our theoretical approach is the first of its kind for the specification of putative mechanisms underlying the use of music stimulation for the promotion of long-term PA.

Music-based interventions have been widely developed and implemented in varying fields of science and medicine (Chen et al., 2022) to treat neurologic (for reviews, see Thaut, 2005; Schaefer, 2014; Leggieri et al., 2019), cardiovascular (for a review, see Chair et al., 2021), or psychiatric conditions (for reviews, see Zhao et al., 2016; Aalbers et al., 2017). In particular, music has been frequently employed to activate the motor system as part of rhythmic auditory stimulation (RAS). RAS refers to an application of pulsed rhythmic auditory stimuli (e.g., metronome and/or music) for the facilitation of body movements that are intrinsically rhythmic (e.g., walking; Thaut et al., 2016). Frequently utilized in clinical settings, people with neurodegenerative diseases – most frequently Parkinson’s disease (PD) and stroke – or brain injuries have benefited from being trained to synchronize their walking steps to RAS (Thaut, 2005; Thaut et al., 2015). RAS interventions have used varying forms of synchronous stimuli - auditory tempo (beats/min, BPM) matched to individual cadence (steps/min) - such as metronome pulse (see reviews by Lim et al., 2005; Nombela et al., 2013; Ghai et al., 2018), contemporary music (de Bruin et al., 2010; Park et al., 2020, 2021), or contemporary music with sonically-enhanced (accentuated) beats (Thaut et al., 1996; McIntosh et al., 1997; Benoit et al., 2014). The evidence that RAS facilitates rhythmic motor behaviors implies its beneficial application for PA promotion because PA is defined as body movement of skeletal muscles that leads to energy expenditure (Caspersen et al., 1985; Ainsworth et al., 2000). However, this idea has not been systematically investigated or theoretically discussed. Given the growing demand for PA promotion in the realm of public health, it is important to delve into the literature to inform future music-based interventions for PA promotion.



2. Putative mechanisms of music stimulation for acute physical activity

The Theory of Hedonic Motivation (THM) – a theory of psychological hedonism formulated by Williams (2018, 2019) – serves as a theoretical basis for our approach herein. According to the THM, ‘liking’ and ‘disliking’ (i.e., Berridge, 2003) represent the neurobiological underpinnings of hedonic responses – an organism’s automatic and immediate experience of pleasure versus displeasure (i.e., affective valence) in response to a behavior or immediate behavioral outcome. Moreover, ‘wanting’ and ‘dread’ (i.e., Berridge, 2003) represent the neurobiological underpinnings of hedonic motivation – a neurobiological process that is automatically triggered by a stimulus and manifests as a felt hedonic desire to produce an immediate behavioral outcome that has previously brought immediate pleasure (or relief from displeasure) or a felt hedonic dread of producing an immediate behavioral outcome that has previously brought immediate displeasure (or reduced pleasure).

Hedonic motivation is also considered to be an affectively-charged motivation state (ACMS), first introduced by Kavanagh et al. (2005), for the conceptualization of desires, wants, cravings, and urges for appetitive behaviors (e.g., smoking, drinking, eating). Consistent with the THM, and applied to PA behaviors, Stults-Kolehmainen et al. (2020) conceptualized urges, wants, desires, dread, craving, and aversion as “ACMS and associated feelings that signal a pressing need to approach or avoid a state of muscular movement (or, conversely a state of rest)” (p. 2). Stults-Kolehmainen et al. (2020) further proposed the WANT model (Wants and Aversions for Neuromuscular Tasks), a descriptive, circumplex model of ACMS to move and rest on a continuum of approach and avoidance orientation. In accordance with neurobiological evidence (Desmurget and Sirigu, 2012), the WANT model enunciates that urges, cravings, and dread to move/rest are more intense motivational states than desires, wants, and aversions to move/rest. We adopt this conceptualization in our theoretical approach proposed herein.

Our approach is that hedonic response and hedonic motivation are the core psychological mechanisms underlying affective, ergogenic, and motivational effects of music on PA. Adding music to PA evokes hedonic responses (e.g., positive affect, reduced RPE, exercise enjoyment, arousal, etc.) and this leads to hedonic motivation or ACMS for continuing movement during acute bouts of PA. We propose a theoretical model named “Music as an Affective Stimulant for Physical Activity” (MASPA) to explain this process (see Figure 1). The model contains the following components as the putative psychological mechanisms in acute bouts of PA: (1) musical pleasure and reward, (2) rhythmic entrainment, and (3) sensory distraction from physical exertion. In the following sections, we elaborate on each element of the mechanisms based on relevant theories and empirical evidence from behavioral and neurobiological studies.
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FIGURE 1
 A theoretical model named “Music as an Affective Stimulant for Physical Activity” (MASPA). Acute phase of physical activity is depicted in blue whereas long-term phase of physical activity is illustrated in yellow. Regularly repeating acute routine can lead to long-term physical activity.



2.1. Musical pleasure and reward

Many people take pleasure in listening to music. Neurobiological studies have demonstrated that the reward system in the brain is the core of this experience. In a non-musical context, as explained by the incentive salient hypothesis (Berridge and Robinson, 1998, 2016; Berridge, 1999, 2007), the cardinal reward stimuli in humans such as money, sex, or food convey feelings of pleasure (liking) and thus motivate the individual to seek the same stimuli again (wanting), although “wanting” can occur without “liking” on some occasions (Berridge, 2007; Berridge and Robinson, 2016). A meta-analysis of 87 neuroimaging studies confirmed the role of the mesolimbic dopaminergic system in processing these fundamental rewards in humans (Sescousse et al., 2013). Interestingly, the mesolimbic dopaminergic system in the human brain is activated by music listening especially when music stimuli are perceived as intensely pleasurable (Zatorre and Salimpoor, 2013; Koelsch, 2014; Zatorre, 2015). This means that – like other reward stimuli in humans – music listening evokes positive hedonic experiences (liking) and this leads to hedonic motivation (wanting) for keeping up with the hedonic experiences. The term, musical pleasure, has been derived from these findings to represent music-evoked pleasure responses (Gebauer et al., 2012; Zatorre, 2015; Goupil and Aucouturier, 2019).

Musical pleasure is often accompanied by an arousal response that is defined as physiological activation of the autonomic nervous system (Frijda, 2009) and is another core dimension of the circumplex model of affect (Russell, 1980). One powerful experience of highly-aroused musical pleasure is “thrills.” A thrill is “a subtle nervous tremor caused by intense emotion or excitement (as pleasure, fear, etc.), producing a slight shudder or tingling through the body; a penetrating influx of feeling or emotion” (Oxford English Dictionary, 2022). Questionnaire data have shown that this phenomenon is commonly experienced with physical sensations such as shivers or goose pimples by multiple groups of music listeners (Goldstein, 1980; Sloboda, 1991; Panksepp, 1995). The term, chills, rather than thrills, was suggested by Panksepp (1995) for its more common use by college-aged adults, and this nomenclature has been followed by successive researchers (Rickard, 2004; Grewe, 2005; Grewe et al., 2007, 2009; Salimpoor et al., 2009). Musical chills have been found to be composed of subjectively reported musical pleasure (Salimpoor et al., 2009) as well as objectively measured changes in physiological arousal such as increased heart rate (HR), respiration, electrodermal activity, and muscle tension as well as decreased body temperature (Blood and Zatorre, 2001; Grewe, 2005; Grewe et al., 2007, 2009; Salimpoor et al., 2009, 2011).

Zatorre and colleagues have demonstrated neurochemical correlates of musical pleasure and chills. The first neuroimaging study with positron emission tomography (PET) – a technique showing the chemical and functional changes in the brain – reported evidence of neural responses to intense musical pleasure by comparing brain activities while listening to self-chosen pleasurable music compared to other-chosen neutral music (Blood and Zatorre, 2001). Results showed that subjective ratings of chill intensity were associated with changes in HR, muscle tension, and respiration depth as well as cerebral blood flow changes in the mesolimbic dopaminergic circuits. They conducted a subsequent PET study with [11-C]raclopride – a technique measuring dopamine release in cerebral tissues – and revealed endogenous dopamine release in the reward circuits when healthy adults listened to self-chosen pleasurable music versus other-chosen neutral music, and the magnitude of the mesolimbic dopamine activity was associated with the frequency and intensity of chills and the degree of pleasure (Salimpoor et al., 2011). More recently, researchers conducted a double-blind pharmacological trial with oral administration of a dopamine precursor (levodopa) that caused greater responses in musical pleasure, chills, and reward compared with a dopamine antagonist (risperidone) and a placebo (lactose; Ferreri et al., 2019). These findings show that people like to listen to music (hedonic responses) and thus they seek more music-related activities (hedonic motivation) and dopamine modulates this process.

The findings we described above have been accrued in non-PA contexts. In PA settings, Terry et al.’s (2020) meta-analysis confirms that listening to music prior to or during acute PA evokes more positive hedonic responses than non-music PA. This finding derived from 29 studies assessing core affective valence during acute bouts of PA in laboratory settings. Arousal responses to music can also occur in PA settings. Although empirical studies are scarce, Karageorghis and colleagues have provided some evidence to uphold this perspective. When high-active adults completed 6-min of vigorous-intensity cycle ergometry under different conditions, subjective ratings of arousal were higher when exercising with synchronous music compared with a synchronous metronome and a no-music control (Lim et al., 2014). When male athletes listened to different music stimuli before performing a hand-grip dynamometer test, fast-tempo/loud music increased perceived arousal and affective valence and improved grip strength performance more than fast-tempo/quiet, slow-tempo/loud, slow-tempo/quiet, and no-music control conditions (Karageorghis et al., 2018). Music can evoke physiological arousal without changes in affective valence, yet whether this can lead to hedonic motivation is uncertain. For example, fast, loud music typically has increased sound pressure levels that intensify arousal regardless of how the music is hedonically appraised (Van Dyck, 2019). From the viewpoint of THM, music-evoked arousal can contribute to hedonic motivation for PA only if it is combined with feelings of pleasure. For example, if certain music evokes high arousal along with positive valence (e.g., eager anticipation, excitement), it can lead to a desire for continuing or repeating the behavior associated with such music. On the other hand, if certain music evokes high arousal combined with negative valence (e.g., anxiety, nervousness), it may lead to a dread of the behavior associated with such music.

As depicted in Figure 1, we propose that musical pleasure serves as the core of hedonic responses to music in PA contexts – similar to non-PA contexts – and this activates the reward system in the brain eliciting hedonic motivation for continuing PA. Future studies may test this mechanism by assessing important markers of musical pleasure, physiological arousal, self-perceived subjective arousal, and/or the frequency and intensity of chills in response to music stimulation during acute PA. This motivational enhancement could lead to the ergogenic effects of music on PA, evidenced by improved physical performance in the meta-analysis (Terry et al., 2020). In other words, music listening makes a PA session more enjoyable and thus enables the PA participant to work more or harder. Because music preference varies by individual factors such as age (Priest et al., 2004), we suggest the use of personally-preferred music playlists that would elicit more hedonic and arousal responses and hedonic motivation for music-based PA, in agreement with views of exercise scientists (Karageorghis and Priest, 2012a,b; Clark et al., 2016a,b; Hutchinson et al., 2018) and neuroscientists (Blood and Zatorre, 2001; Salimpoor et al., 2009, 2011).



2.2. Rhythmic entrainment

Music is composed of ordered sounds (notes) and silences that recur in time. To untangle the architectonics of music, we here define the key elements of the temporal organization of music – pulse, beat, meter, and rhythm. A pulse is one of a series of periodic, precisely equivalent stimuli (e.g., metronome ticks) that delineate equal units in the temporal continuum (Cooper and Meyer, 1960). Pulses are referred to as beats when being counted within a metric context. Meter refers to “the measurement of the number of pulses between regularly recurring accents – marked for consciousness – relative to others” (Cooper and Meyer, 1960, p. 4), which indicates that meter exists only when music listeners perceive beats accented relative to others (Large and Kolen, 1994). Rhythm is traditionally defined as “the way in which one or more unaccented beats are grouped in relation to an accented one” (Cooper and Meyer, 1960, p. 6) or more simply, “the serial pattern of variable note durations in a melody.” (Schulkind, 1999, p. 896) Although this definition counts rhythm as an objective property of music, it can also be subjective in that rhythmic experience occurs based on the intricate interactions between other components of music (e.g., pitch, tempo, harmony, timbre), individual differences in capacity and perception, and environments. From a psychological viewpoint, rhythm represents the patterns of durational proportions that are phenomenally present in music, whereas meter involves the initial perception and ensuing anticipation of a series of beats that are extracted from the rhythmic structure of music as it unfolds in time (London, 2012).

London (2012) defines meter as a “musically-specific form of entrainment, the synchronization of attention and/or other behaviors (especially motor behaviors) with periodic rhythms in the environment.” (p. 10) Entrainment allows the listener to focus attention on the salient temporal events in music which is important because attention is selective by its nature. It should be noted that the periodicity of meter enables anticipation that fosters entrainment. The motivational effects of music on motor behaviors in humans have been explained in extensive literature reviews, which all point to entrainment as the key principle – from evolutionary and psychological perspectives (Levitin et al., 2018) and from a multi-disciplinary approach combining the principles of physics and neurobiological modeling of brain and oscillatory activities (Damm et al., 2020). Entrainment to musical rhythm has been demonstrated in various motor behaviors including bouncing and clapping (Tranchant et al., 2016), walking (Wittwer et al., 2013; Franěk et al., 2014; Metcalfe, 2016), running (Simpson and Karageorghis, 2006; Terry et al., 2012; Bood et al., 2013; Van Dyck et al., 2015), and free dancing (Burger et al., 2013). Rhythmic motor entrainment to music is a behavior primarily observed in humans but also evident in some animals (Wilson and Cook, 2016). In humans, this psychophysical phenomenon universally appears across cultures, regions, and eras (Cross, 2001) in people of all ages from infants (Zentner and Eerola, 2010) to children (Provasi and Bobin-Bègue, 2003) and young to older adults (Thaut et al., 1992; Metcalfe, 2016; Rose et al., 2021) and in individuals with neurologic impairments (Thaut et al., 2015).

Neuroscientists have demonstrated neural representation of rhythmic entrainment in the brain. According to Large and colleagues’ neural resonance theory (NRT), nonlinear coupling of two oscillatory neutral networks – the auditory system receiving the physical properties of music stimulus and the motor system that integrates sensory inputs from the auditory system – leads to a common oscillatory activity at the beat frequency of music, and such entrained oscillations lead to the formation of rhythm perception (Large and Snyder, 2009). The research team tested the NRT through a series of experiments with electroencephalography (EEG) and magnetoencephalograms (MEG) recordings (Snyder and Large, 2005; Large et al., 2015; Tal et al., 2017). They demonstrated that neural activity increased in the auditory cortex at the same frequency as auditory beats and they determined that such neural oscillation is entrained to the beats because increased neural activity was found even at times when there were missing beats, and the strength of neural responses was correlated with individuals’ speed in perceiving the pulse. According to the action simulation for auditory prediction hypothesis, stimulation of rhythmic movement in the motor planning regions of the brain provides neural signals to the auditory system where anticipation of upcoming beats is made (Patel and Iversen, 2014). In support of this notion, brain studies with functional magnetic resonance imaging (fMRI) have observed bilateral activation of the motor regions in the brain during beat perception tasks without overt motor actions (Grahn and Brett, 2007; Chen et al., 2008).

Rhythmic entrainment may underlie the effects of music on exercise performance. Terry et al. (2020) revealed that (a) tempo-synchronous music yielded marginally more beneficial effects on performance of acute PA (g = 0.44, CI [0.22, 0.65]) than tempo-asynchronous music (g = 0.31, CI [0.24, 0.38]) and that (b) fast-tempo music (g = 0.38, CI [0.30, 0.45]) led to more beneficial effects on exercise performance than slow/medium tempo music (g = 0.21, CI [0.14, 0.27]). These findings imply the ergogenic effects of rhythmic entrainment. However, Terry et al. (2020) noted that studies using tempo-synchronous music in PA contexts are relatively rare compared to tempo-asynchronous music, and thus the specific role of entrainment in enhancing exercise performance or promoting long-term PA has not been fully tested. Future studies need to address this gap in the literature. Although we discussed its role in altering physical performance, rhythmic motor entrainment to music can be also accompanied by affective responses. We discuss this idea in the following section.



2.3. Rhythmic entrainment as an affective response to music

Rhythmic entrainment typically appears in motor behaviors and is also considered to be a part of the psychological mechanisms underlying affective or emotional responses to music (Juslin and Västfjäll, 2008; Trost and Vuilleumier, 2013; Juslin et al., 2014; Trost et al., 2017). A classic example of coupling motor and affective responses to music is seen from people moving along with pleasant feelings when listening to their favorite songs. Zentner and Eerola (2010) provided critical behavioral evidence that preverbal infants demonstrated increased rhythmic movements when hearing musical or rhythmic stimuli (e.g., Mozart, Saint-Saëns, children’s song, or drumbeats) compared with non-musical stimuli (e.g., adult speech). Interestingly, it was further reported that (a) infants’ rhythmic motions coincided with positive affect, evidenced by a noticeable correlation between the duration of movement and the duration of smiles (r = 0.30 and 0.37 in two experiments) and that (b) infants’ duration of smiles showed meaningful correlations with their degree of music-movement synchronization accuracy (r = 0.42 and 0.26 in two experiments). These findings indicate that humans are predisposed to rhythmically engage in music with a concurrent display of positive affective states. Zentner and Eerola (2010) noted that “this association raises the possibility that surges in positive affect may facilitate, and perhaps even motivate, rhythmic engagement with metrically regular sound patterns.” (p. 5771).

The co-occurrence of affective and motor responses to music has been further explained by a sensorimotor phenomenon called groove. Janata et al. (2012) defined groove as “[an] aspect of the music that induces a pleasant sense of wanting to move along with music.” (p. 54) and also the feeling of being in the groove as having “the urge to move in response to music, combined with the positive affect associated with the coupling of sensory and motor processes while engaging with music (referred to as sensorimotor coupling) in a seemingly effortless way” (p. 56). Groove is considered to be a subjectively-felt sensation and also a type of ACMS for the initiation and maintenance of body movements in response to music (Stults-Kolehmainen et al., 2020). According to the WANT model (Stults-Kolehmainen et al., 2020), this urge to move with music is considered to be a stronger motivational state than a simple desire or want to move. Janata et al. (2012) described a pleasurable drive toward motor actions as the key concept of groove based on the findings that high-groove music stimuli were perceived as more enjoyable and induced a greater amount of spontaneous movements across all body parts (most notably head and feet) during a hand-tapping task, compared with low-and moderate-groove music. Janata et al. (2012) further found that faster-tempo music (115.6 ± 8 BPM) is more groove-inducing than slower-tempo music (90.8 ± 6.6 BPM) and that groove ratings are closely associated with ratings of enjoyment (r = 0.82) and familiarity (r = 0.57). In an online survey, young-to-midlife adults reported the degree of wanting to move and the feelings of pleasure they experienced while listening to a series of drumbeats in varying ranges of rhythmic patterns (Witek et al., 2014). The results showed a strong correlation between the ratings of wanting to move and the experience of pleasure (r = 0.964).

Neuroimaging evidence supports that rhythmic motor entrainment to music occurs as part of affective responses in the brain. In an fMRI study, Kornysheva et al. (2010) showed that listening to preferred musical rhythm that was rated as more beautiful and pleasant resulted in increased activation of motor-related brain regions such as the premotor cortex and cerebellum compared with non-preferred musical rhythm. In another fMRI study, Trost et al. (2014) demonstrated that listening to a consonant musical beat (rated as pleasant and more arousing) resulted in faster detection of beat-synchronous targets and activation of motor-and reward-related brain areas during a visuomotor attentional task in comparison with a dissonant musical beat (rated as unpleasant and less arousing). Recently, Matthews et al. (2020) demonstrated that listening to musical rhythm rated as more pleasant and groove-inducing was associated with activation of reward-and motor-related regions, compared with musical rhythm rated as less pleasant and groove-inducing. To sum up, neuroimaging evidence substantiates the notion that rhythmic motor entrainment to music co-occurs with pleasure and reward responses. Simply stated, people want to move with music (hedonic motivation) because they like doing so (hedonic response). This evidence of affective benefits of entrainment suggests the use of synchronous music not only for performance enhancement as implied in Terry et al.’s (2020) meta-analysis but also to maximize hedonic responses and hedonic motivation for PA. Because evidence is lacking to test the specific role of entrainment in PA settings, future studies may address this by decomposing the effects of beat accentuation and/or tempo synchronization.

It should be recognized that affective and motor responses to music do not necessarily co-occur. There is music that induces pleasure but that does not necessarily generate motor reactions. For instance, it’s relaxing and pleasing to listen to Mozart’s symphonies, but such music may not be a popular choice for vigorous dance or workout sessions. The opposite case is also possible in that there are music or auditory stimuli that facilitate motor actions with little change in affective responses. An example of this case would be metronome pulses frequently used as a type of RAS for gait rehabilitation among people with PD (Lim et al., 2005; Ghai et al., 2018; Forte et al., 2021), stroke (Yoo and Kim, 2016; Ghai and Ghai, 2019), cerebral palsy (Ghai et al., 2018) and multiple sclerosis (Ghai and Ghai, 2018). None of these studies have considered participants’ hedonic responses to RAS in that their primary purpose was to stimulate the motor system. To benefit PA behaviors, however, music would be more pleasurable and motivational than isochronous pulse, as demonstrated by a study (Lim et al., 2014) in which synchronous and asynchronous music stimuli elicited greater positive affect than a synchronous metronome pulse. Gait studies also demonstrated that (1) walking with a synchronous music excerpt led to greater gait velocity and stride length than a synchronous metronome pulse (Wittwer et al., 2013) and (2) personally preferred, synchronous music evoked greater pleasure and enjoyment and more vigorous walking (greater gait velocity, stride length, and arm swing) than a synchronous, isochronous drumbeat among people with PD (Park et al., 2020). For our purpose – an affect-based approach to PA promotion – it would be effectual to use music stimulation that is personally preferred and beat-accentuated in order to maximize its effects on the affective and motor systems.

Another important construct to consider is familiarity. Personally-preferred music can induce feelings of familiarity based upon the extent to which a music excerpt is known to an individual (North and Hargreaves, 1998; Park et al., 2019), which can be beneficial for PA. Empirical data have shown that ratings of familiarity with a sample of music excerpts are strongly correlated with ratings of liking of the same excerpts (North and Hargreaves, 1995). In PA settings, familiarity with music has been found to beneficially influence walking behaviors (Leow et al., 2015; Park et al., 2019). This could be because familiar music facilitates rhythmic motor entrainment by having listeners more easily anticipate the timing of the beats of music to which motor events are synchronized (Damm et al., 2020; Matthews et al., 2020). A systematic review of 23 neuroimaging studies revealed that motor-related regions in the brain are the top clusters of neural activation when listening to familiar music (Freitas et al., 2018). In an acute gait trial among older adults with PD, walking in time with the salient beats of self-chosen familiar music stimulation immediately resulted in greater gait velocity, stride length, arm swing range of motion, and perceived enjoyment compared with walking with metronome pulses (Park et al., 2020) and enhancing familiarity via repeated listening to unfamiliar music led to increased gait parameters and enjoyment ratings (Park et al., 2021). Follow-up analyses further revealed that changes in gait parameters were associated with the degrees of perceived enjoyment, familiarity, and beat salience (Park et al., 2020; Park, 2022). Enhancing personalization and familiarity of music stimulation could bolster affective responses and ACMS for PA.



2.4. Sensory distraction from physical exertion

Physical exertion during PA serves as an afferent sensory stimulus, which delivers neuronal signals from the body to the brain through the somatosensory pathways. Some examples of this somatosensory feedback are increased HR, sweating, and muscle fatigue. In the brain, the strength of the somatosensory stimulus is perceived and can be expressed as RPE (Rejeski, 1985). The sensory stimulus from external sources (e.g., music) can distract the perception of sensory signals from the internal system (i.e., body; Damm et al., 2020). Indeed, shifting attention away from unpleasant stimuli by listening to music is a well-known non-pharmacological intervention for pain management (i.e., audio-analgesia; Kühlmann et al., 2018; Lin et al., 2020; Yu et al., 2020). Therefore, music reduces feelings of physical exertion and fatigue by redirecting the nerve impulses from somatosensory pathways to auditory pathways (Bigliassi et al., 2017). In an EEG study, Bigliassi et al. (2016) demonstrated that music listening improved the performance of an isometric maximal ankle-dorsiflexion task while decreasing theta waves (4–7 Hz) in the frontal, central, and parietal regions of the brain, which is indicative of reduction in fatigue (Craig et al., 2012). The research team further demonstrated that music listening, during an acute bout of light-to-moderate cycle ergometry, led to the reallocation of attentional focus toward external stimuli, increased the use of dissociative thoughts, and reduced neural connectivity across sensorimotor cortices in the frontal and central regions of the brain, which represent exercise thoughts and feelings (Bigliassi et al., 2017). A meta-analytic review summarized evidence from 54 studies and confirmed that music listening prior to or during PA lead to lower perceived exertion compared to PA without music (Terry et al., 2020). These findings indicate that music stimulation for PA can inhibit the feelings of discomfort and fatigue coming from physical exertion, which can help make people less likely to dislike a PA session.

Sensory-distractive effects of music co-occur with feelings of pleasure. This view was substantiated by a study in which music listening evoked positive affect in addition to attentional switching from associative to dissociative thoughts during an ankle-dorsiflexion task (Bigliassi et al., 2016). It was hypothesized that the effect of music on RPE and affect can be hindered during high-intensity PA because of the strong somatosensory signals of physical discomfort (Karageorghis et al., 2009). However, in their meta-analysis, Terry et al. (2020) demonstrated that the beneficial effects of music on RPE and affective valence were not moderated by PA intensity, implying that reduced exertion and increased positive affect can be gained by music stimulation across different intensities of PA. Evidence indicates that perceived exertion is inversely associated with positive affect among low-active people (Hardy and Rejeski, 1989; Williams et al., 2008). By simultaneously reducing RPE and enhancing pleasure, music stimulation can make a PA session more enjoyable and less painful.




3. Music-based interventions to promote long-term physical activity

Empirical data is lacking to support or refute the effects of music on long-term PA. A systematic review (Clark et al., 2012) identified a few trials comparing participants’ attendance rate in music-based vs. non-music-based exercise interventions in people with chronic obstructive pulmonary disease (COPD; Bauldoff et al., 2002, 2005) and dementia (Mathews et al., 2001). Although the benefits of music were implicated in these interventions, no arrangement was made for the tempo or rhythm of music to influence PA and significant differences in long-term PA were not found. A recent systematic review (Chair et al., 2021) identified 3 RCTs that examined the effects of music-based exercise interventions on long-term PA in patients with coronary heart disease (Ståhle et al., 1999; Alter et al., 2015; Clark et al., 2017). Although Ståhle et al. (1999) reported increases in self-reported PA levels 12-months after a music-based group exercise intervention compared with usual care controls in older adults after an acute coronary syndrome, the causal effects of music on PA adherence was not addressed because non-music exercise was not used as the usual care intervention.

The RCT by Alter et al. (2015) provides critical evidence that music can benefit long-term PA. Alter et al. randomly assigned midlife-to-older adults to one of three walking-for-exercise groups for a 12-week home-based cardiac rehabilitation program: (1) walking with personalized, synchronous music playlists with accentuated beats (playlists with RAS); (2) walking with personalized, synchronous music playlists without accentuated beats (playlists only); and (3) walking without music (controls). Results showed that playlists with RAS led to nearly twofold increases in accelerometer-measured weekly volumes of PA and caloric expenditure during the intervention period, compared to the other two groups. Interestingly, the higher average of weekly PA was observed at all intensities (light, moderate, and vigorous) and maintained over 12 weeks, and the weekly volume of PA was closely associated with the weekly play-counts of the playlists (r = 0.61). The methodology used for RAS, especially beat accentuation, may have played the key role in the treatment effects in that playlists without RAS had little effect on PA outcomes. This view would be supported by prior evidence that music with accentuated beats was found to facilitate beat perception and music-motor synchronization (Chen et al., 2006; Burger et al., 2013).

In addition to beat accentuation, temporal synchronization between music and exercise motions may also play an important role. This assertion would be upheld by minimal effects of music in other studies. In an RCT, older adults who were discharged from a cardiac rehabilitation program and got encouraged to walk-for-exercise with a personally-preferred, tempo-asynchronous music playlist demonstrated trivial differences in the rate of meeting PA recommendations and accelerometer-measured PA over 26 weeks compared with controls who received the same PA guidelines without music after the same rehabilitation program (Clark et al., 2017). In another RCT, patients with COPD who participated in an 8-week walking intervention with upbeat, tempo-asynchronous music playlists showed little differences in pedometer-measured total walking distance (19.1 ± 16.7 miles vs. 15.4 ± 8 miles) and self-reported volume of PA compared with patients who received the same walking intervention without music (Bauldoff et al., 2002). These findings indirectly suggest that rhythmic entrainment derived from tempo synchronization may be a key consideration in the beneficial effects of music for long-term PA.

Based on our review of empirical evidence, there are important gaps in music-based interventions in terms of their rationale and efficacy to promote PA. The methodologies employed by Alter et al. (2015) for music playlists with RAS – beat accentuation, tempo synchronization, and preference-based personalization – may play a collective role in facilitating PA and thus more studies are needed to test its efficacy. The sample – cardiac rehabilitation patients – may have also served as an important target of the music-based exercise intervention because cardiac rehabilitation is associated with high attrition rates and poor adherence to self-paced PA (Alter et al., 2015) thus allowing the intervention to appear highly efficacious because of the low starting point. Future studies can replicate this methodology to test its efficacy among the same or other populations with cardiac or neurologic conditions as well as other populations in need of PA promotion (e.g., overweight/obese, elderly, or athletes).



4. Putative mechanisms of music stimulation for long-term physical activity

The mechanism linking the acute effects of music to long-term PA has not been specified in the current literature. We depict this process by proposing the MASPA model as illustrated in Figure 1. This model takes into consideration the THM to further account for how music influences long-term PA. Our premise is that long-term PA is the repeated performance of acute PA on a relatively regular basis, which is often offered in the form of a behavioral intervention or exercise training. As we described above, music stimulation can induce hedonic responses during acute PA. In a long-term context, these hedonic responses serve as the inputs into the process of psychological hedonism to generate hedonic motivation, an output of psychological hedonism, directly influencing decision-making for repeating another bout of PA in the future. Incentive conditioning represents a “linking” process between previous hedonic responses and hedonic motivation for upcoming PA. For example, if people dislike a PA session, this negative hedonic response is linked to their reduced motivation for upcoming PA, so they are more likely to avoid another bout of PA, which decreases the chance of adopting or maintaining long-term PA. On the other hand, if they like a PA session, this positive hedonic response is linked to enhanced motivation for upcoming PA and thus they are more likely to perform another PA bout, which increases the chance of adopting or maintaining long-term PA.

We recognize that human behaviors are not entirely driven by hedonic motivation. The THM is a dual-processing model viewing behavioral outcomes as the consequence of interactions between automatic/impulsive processing and controlled/reflective processing. Williams (2018) noted that automatic processing of affect involves the learning of associations between a stimulus and affective responses (incentive conditioning). This ‘linking’ process is automatically triggered when facing a relevant stimulus or cue, consequently leading to hedonic motivation for a behavior. By contrast, controlled processing of affect involves anticipated affective responses to the target behavior or behavioral outcome as a function of consciously and reflectively formulated if-then expectancies. Such anticipated affective responses occur based on deliberate evaluations of previous affective responses and thus include expectations of proximal and distal affective consequences of a behavior, generating reflective motivation for a behavior. In sum, hedonic motivation occurs automatically and impulsively as a function of hedonic response and is distinguished from reflective motivation that is formulated by deliberate and controlled affective evaluation.

It should be noted that hedonic motivation and reflective motivation often work in combination for the same behavior, but sometimes contend especially in the context of healthy behaviors. According to the Affective-Reflective Theory of physical inactivity and exercise (Brand and Ekkekakis, 2018), automatic evaluation of a PA bout triggers action impulses that form the basis for reflective evaluation as a deliberate process generating action plans. Stults-Kolehmainen et al. (2020) considered action impulse as a form of ACMS for motor behaviors by defining it as “the readiness potential and/or the conscious awareness of wanting to move.” (p. 8). Ideally, action impulses and action plans need to be in unison but often they are not because, on many occasions, MVPA is automatically avoided based on negative affect. For example, going for a run typically leads to instant discomfort or displeasure coming from physical exertion whereas watching TV on a reclining sofa leads to instant comfort or pleasure by eliminating physical exertion. Hence, many people are often hedonically motivated to spend time on a couch to seek pleasure and find an excuse for skipping a run for the day to avoid displeasure (action impulse). This dread of MVPA often occurs although, for most people, MVPA is part of their exercise program (action plan) to attain its positive health benefits and a sense of accomplishment after overcoming displeasure associated with physical exertion. Therefore, enhancing affective evaluation may be an effective strategy to align action impulses with action plans to unite hedonic motivation and reflective motivation for PA.

In the acute phase of our theoretical model (marked as blue in Figure 1), we explain that music stimulation can help acute PA be associated with pleasure (or not associated with displeasure) as a function of musical pleasure and reward, rhythmic entrainment, and/or sensory distraction from physical exertion. After acute PA, the hedonic response to a PA session is more likely to be positively evaluated (or not negatively evaluated) and linked to hedonic motivation (action impulse) – in accordance with reflective motivation (action plan) – for upcoming PA, increasing the probability of engaging in PA again, possibly on a regular basis, leading to long-term PA (marked as yellow in Figure 1). The methodologies of music manipulation we suggest, beat-accentuation, tempo-synchronization, and personally-preferred music selection, can maximize the acute mechanisms of hedonic response and hedonic motivation for a PA session and consequently increase the chance of long-term behavior change. Simply stated, exercising in sync with personally-preferred, beat-accented music playlists can help people like a PA session more – or dislike it less – and thus increase the probability of regularly repeating it. Such a strategy for enhancing hedonic motivation can greatly benefit people for accomplishing PA behavior change.

This model is testable in future studies. The mediating role of musical pleasure during acute PA can be measured with scales such as the Feeling Scale (Hardy and Rejeski, 1989), the Felt Arousal Scale (Svebak and Murgatroyd, 1985), or Affective Grid (Russell et al., 1989) as well as PA enjoyment scales (Kendzierski and Decarlo, 1991; Stanley and Cumming, 2010) and their association with concurrent ACMS (e.g., wants, urges, desires, carvings, vs. aversion, dread) for PA and sedentary behaviors can be measured using the CRAVE (Cravings for Rest and Volitional Energy Expenditure) scale (Stults-Kolehmainen et al., 2021). To further test the long-term implications of the model, researchers can assess the effects of music stimulation on desire/dread for future PA and/or actual PA behaviors. Replication of the RCT by Alter et al. (2015) in other populations may greatly advance this area of science. The mechanism of rhythmic entrainment can be assessed through subjective ratings of perceived auditory-motor synchronization (Matthews et al., 2022) and/or by analyzing time series of music and motion tracking data and their association with concurrent and/or future motivation for PA and/or PA behaviors. The mechanism of sensory distraction from physical exertion has been tested by RPE (Rejeski, 1985) and its association with PA behaviors and/or PA motivation. The associations between hedonic responses, hedonic motivation, and long-term PA can be assessed using ecological momentary assessment (EMA). EMA involves repeated sampling of individuals’ real-time behaviors and experiences in natural environments, minimizing recall bias and maximizing ecological validity, and allowing for an examination of microprocesses of human behaviors in real-world contexts (Shiffman et al., 2008).

Moreover, the music methodologies we propose, beat accentuation, tempo synchronization, and personalization of music preference, can also be manipulated to test their effects on hedonic responses, hedonic motivation, and acute and long-term PA. Manipulating the temporal elements of music (e.g., tempo, beat, and rhythm) can allow researchers to test the mechanism of rhythmic entrainment and its association with other mechanisms in PA settings. It is also possible to manipulate individual music preference to test the mechanisms of musical pleasure (liking) and reward (wanting) responses. By manipulating tempo and/or loudness of music, arousal responses to music can be tested. Few studies have manipulated these components of music to assess affective responses to music and ensuing motivational or behavioral outcomes in PA settings. Future studies may address this gap in the literature.

Baseline PA level, the stage of exercise behavioral change, or age could be potential moderators of the causal effects of music with RAS on long-term PA behaviors. Given that negative affect has been observed during exercise bouts mainly at an intensity above the ventilatory or lactate threshold (Ekkekakis et al., 2011) especially in overweight/obese people (Ekkekakis and Lind, 2006; Ekkekakis et al., 2010), our theoretical model is more likely to be effective in low-active/sedentary individuals, overweight/obese people, or older adults who are expected to have low adherence to PA based on more conflicts between hedonic motivation and reflective motivation due to negative affect. Future studies can test the theoretical model with varying exercise modalities. The methodologies used for music playlists with RAS can also be combined with jogging/running, high-intensity interval training, dance, or group/individual exercise programs to enhance affective responses and hedonic motivation.

It is important to note that we built this theoretical model in consideration of previously proposed conceptual models addressing the music-PA relationship (Karageorghis, 2015; Clark et al., 2016a; Terry et al., 2020). Importantly, we are not suggesting rejection of these models but reconsidering current theoretical approaches to music-based PA interventions from the acute phase primarily for performance enhancement to the long-term phase of behavioral change. For this new perspective, we here take a theoretical approach and attempt to integrate elements from disparate literatures that have not been linked to one another within the fields of public health and behavioral medicine.



5. Conclusion

Physical inactivity is epidemic and jeopardizes global health. We here suggest affective, motoric, and sensory engagement in music as an innovative approach to promote PA. From a psychological and neurobiological standpoint, we expounded the putative mechanisms underlying motivational benefits of music for acute and long-term PA. Past research has shown that exercising with personally preferred, beat-accentuated, tempo-synchronous music playlists remarkably improved the amounts of PA at all intensities over 12 weeks (Alter et al., 2015). This proof-of-concept evidence of long-term PA preliminarily upholds the notion that certain types of musical stimulation could be effective beyond a single session of PA possibly for behavior change. Despite the strong preliminary data, a theoretical basis elucidating the psychological mechanism underlying the effects of music stimulation on acute and long-term PA has been lacking. Hence, this theoretical discussion is important to fill the gap in the current literature and to promote the evidence-based development and implementation of music-based interventions for PA promotion. Our notion is that the beneficial effects of music stimulation on acute and long-term PA is primarily based on hedonic principles. In other words, certain types of music can serve as an affective stimulant to help people like their workout sessions and consequently promote ‘wanting’ responses for PA to be repeated on a regular basis. Our discussion may inform future music-based interventions to gain additional success for PA promotion.
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Objective: Individuals’ decisions to engage in exercise are often the result of in-the-moment choices between exercise and a competing behavioral alternative. The purpose of this study was to investigate processes that occur in-the-moment (i.e., situated processes) when individuals are faced with the choice between exercise and a behavioral alternative during a computerized task. These were analyzed against the background of interindividual differences in individuals’ automatic valuation and controlled evaluation of exercise.

Method: In a behavioral alternatives task 101 participants were asked whether they would rather choose an exercise option or a behavioral alternative in 25 trials. Participants’ gaze behavior (first gaze and fixations) was recorded using eye-tracking. An exercise-specific affect misattribution procedure (AMP) was used to assess participants’ automatic valuation of exercise before the task. After the task, self-reported feelings towards exercise (controlled evaluation) and usual weekly exercise volume were assessed. Mixed effects models with random effects for subjects and trials were used for data analysis.

Results: Choosing exercise was positively correlated with individuals’ automatic valuation (r = 0.20, p = 0.05), controlled evaluation (r = 0.58, p < 0.001), and their weekly exercise volume (r = 0.43, p < 0.001). Participants showed no bias in their initial gaze or number of fixations towards the exercise or the non-exercise alternative. However, participants were 1.30 times more likely to fixate on the chosen alternative first and more frequently, but this gaze behavior was not related to individuals’ automatic valuation, controlled evaluation, or weekly exercise volume.

Conclusion: The results suggest that situated processes arising from defined behavioral alternatives may be independent of individuals’ general preferences. Despite one’s best general intention to exercise more, the choice of a non-exercise alternative behavior may seem more appealing in-the-moment and eventually be chosen. New psychological theories of health behavior change should therefore better consider the role of potentially conflicting alternatives when it comes to initiating physical activity or exercise.

KEYWORDS
 eye-tracking, dual-process models, situated processes, motivation, physical activity


1. Introduction

Promoting exercise is one of the most critical public health priorities, considering being insufficiently active increases the risk of death by 20–30% compared to being sufficiently active (World Health Organization, 2020). Understanding the psychological processes that guide the choice to be physically active is key to more effectively promoting regular exercise behavior. In the past 20 years, exercise psychology has been largely dominated by a focus on social-cognitive and humanistic/organismic frameworks that conceptualize behavior change as a mostly unidirectional process, such that a behavior is done based on mentally imagined goals (e.g., the idea of going for a run, which may have positive consequences or fit particularly well with our subjective values; Rhodes et al., 2019; Ekkekakis and Brand, 2021). This framework is based on the assumption that individuals form expectations (e.g., that exercise is important and doable) from which the intention to exercise culminates (Rhodes et al., 2019). Intention as a primary antecedent of behavior is one of the cornerstones of the social-cognitive framework, yet empirical evidence reveals a consistent intention-behavior gap (Rhodes and de Bruijn, 2013). Possible reasons for this gap are negative exercise-related automatic tendencies that are contrary to the intention (Brand and Ekkekakis, 2021), such as negative automatic associations (Schinkoeth and Antoniewicz, 2017), affective valuations (Schinkoeth and Brand, 2020), habit or identity (Rhodes, 2017, 2021).

Only recently, dual-process models that emphasize the role of automatic processes in addition to controlled cognitive processes (e.g., forming an intention from expectations about the future), have been applied to exercise psychology. According to a recent review, dual-process models are ‘the most recent and understudied framework for understanding physical activity’ (Rhodes et al., 2019, p. 100). Moreover, there is at least one other characteristic of dual-process models that needs to be emphasized. The dual-process framework implies that automatically activated momentary processes are essentially predetermined by the situation and therefore also referred to as situated processes (Brand and Ekkekakis, 2018). They may conflict with behavioral plans and must be analyzed in terms of their importance for behavioral regulation.

Examples of dual-process theories that address the role of situated processes within exercise and physical activity behavior include the Affective-Reflective Theory of Physical Inactivity and Exercise (ART; Brand and Ekkekakis, 2018) and the Theory of Effort Minimization in Physical Activity (TEMPA; Cheval and Boisgontier, 2021). The two have been recently contrasted in a theoretical article with an argument that provides the foundation for the current study (Brand and Cheval, 2019). Both theories are grounded in the idea that in-the-moment when individuals have to make a choice between one behavior (e.g., do exercise) or a competing behavioral alternative (e.g., remain physically inactive), a momentary conflict may arise before a choice is made. According to the ART, there are situated automatic affective processes that have been learned through previous experiences with exercise that can prevent individuals from rationally considering becoming physically active (a negative affective valuation of exercise) or steer us toward it (a positive affective valuation of the behavior). The TEMPA assumes that a hard-wired evolutionary process is default, which accounts for an ever-present behavioral tendency to avoid and economize physical activity and may conflict with more rational considerations.

Multiple experimental studies support the perspective of dual-process theories that when individuals are confronted with an exercise-related stimulus an immediate psychological response (e.g., affective reaction or approach/avoidance tendency) is triggered (Rebar et al., 2016; Schinkoeth and Antoniewicz, 2017). Previous studies have typically measured automatic (e.g., Chevance et al., 2017) and controlled processes first (e.g., Kiviniemi et al., 2007), which were then either correlated with remembered usual exercise behavior (e.g., Bluemke et al., 2010) or used to predict exercise behavior in subsequent weeks (e.g., Antoniewicz and Brand, 2016). Findings from these studies suggest that those who are more active tend to focus more on exercise stimuli. Despite previous literature on interindividual differences (e.g., automatic processes) and distal behavior outcomes (e.g., usual exercise volume), less is known about potentially conflicting situated processes that occur in-the-moment an individual is asked to choose a behavior. For example, some may have a strong automatic preference for exercise, but when confronted with a competing non-exercise behavioral option, the behavioral alternative may seem even more attractive in that particular moment and eventually be chosen.

Harris and Bray (2019, 2021) examined single situated exercise decisions. Participants had to choose between an exercise vs. a non-exercise task (e.g., seated “free time” with smartphone) after completing either a high-or low-cognitive demand task. The high cognitive demand task resulted in increased mental fatigue, which in turn decreased likelihood of choosing to exercise. These findings emphasize the importance of situated factors (e.g., mental fatigue) in an individual’s in-the-moment choice whether or not to exercise.

In a recent study, Cheval et al. (2020) took situated processes into account by employing a paradigm in which eye-tracking was used to examine participants’ gaze behavior while they viewed mutually exclusive behaviors. The authors found that physically active individuals were generally more likely to focus their attention on physical activity stimuli than on stimuli representing a sedentary alternative.

The study presented here builds on these findings, but examines situated gaze in a more complete behavioral situation: We monitored participants’ gaze behavior when they have to choose between an exercise-related stimulus and a stimulus displaying a non-exercise alternative, and analyze their choices on the background of previously measured interindividual differences in self-reported exercise behavior, automatic valuation of exercise and self-reported feelings towards exercise.

In other fields, such as consumer psychology, process tracing methods are frequently used to capture situated processes in order to assess which factors play a role during behavioral decision-making (e.g., information search strategy). For example, eye-tracking has often been used to assess attentional processes during behavioral or consumer choices. Commonly used measures are first gaze (i.e., first fixated location) and number of fixations (i.e., temporally closely spaced fixated locations for a period of time). First gaze has shown a weak and inconsistent association with choice behavior. Schotter et al. (2010) demonstrated that participants were slightly more likely to choose the item they fixated on first. In contrast, Krajbich et al. (2010) found that the probability of fixating an item first was unaffected by their initially preferred ratings. A more homogenous pattern of results emerges for number of fixations. Previous research supports the idea that the more time we spend on an item, the more likely we are to choose it (Krajbich et al., 2010; Cavanagh et al., 2014). However, researchers disagree on whether this relation is causal, leaving open the question of whether we direct our attention on what we like or we will like what we focus our attention on (Orquin and Mueller Loose, 2013).

The present study aimed to extend insights on the processes occurring when individuals are confronted with competing behavioral alternatives. We administered eye-tracking in a computerized task where participants were asked to choose between an exercise and a non-exercise alternative in a series of hypothetical situations. Gaze behavior was tracked to examine how much attention was paid to each behavioral alternative in each situation of choice. This allowed us to measure both interindividual (e.g., who is generally more likely to look at exercise) and intraindividual processes (e.g., which of the behavioral alternatives is more likely to be fixated) and use them as proxies for situated processes that would likely occur in real life situations.

According to the TEMPA, one could assume an initial bias towards the non-exercise alternative (Cheval and Boisgontier, 2021). With the ART conceptualizing the automatic response as a learned process (Brand and Ekkekakis, 2018) one would assume that individuals who (have learned to like and do) exercise more regularly will have an initial bias towards the exercise alternative. Based on findings from consumer psychology, we expected that individuals would be more likely to initially direct their gaze toward the chosen alternative and fixate this alternative more often. Whilst the current study emphasized the examination of gaze behavior as situated processes within individuals, we recognize that interindividual differences in automatic and controlled processes are also relevant to exercise behavior (e.g., Schinkoeth and Antoniewicz, 2017; Rhodes et al., 2019). In line with the constructs of the ART (Brand and Ekkekakis, 2018), we included analyses of the association of automatic valuation of exercise, self-reported feelings towards exercise (controlled evaluation) and exercise behavior with gaze behavior on a subject-level as well. Based on previous findings (Cheval et al., 2020) we expect individuals with higher levels of self-reported exercise behavior (and more positive automatic and controlled (e)valuations of exercise) to display higher attentional focus (first gaze and fixations) on exercise-related stimuli. By simultaneously considering inter-and intraindividual varying processes when individuals are confronted with exercise-related choices, this study introduces a new approach to investigate situated processes in exercise psychology.



2. Materials and methods


2.1. Participants

106 students from the University of Potsdam took part in this study. Participants were recruited through the university’s participant pool. Five participants were removed from the analysis due to technical problems during data collection, resulting in a total sample of N = 101 participants (Mage = 23.6, SDage = 3.6, 48.5% females). Most of the participants were enrolled in a sports science (n = 80) or psychology (n = 21) program. All participants provided written consent before the experiment, fulfilled the screening criteria (i.e., no confounding activities such as intensive exercise or alcoholic beverages beforehand), and reported having a normal or corrected-to-normal vision without color blindness. Participants were compensated for their participation with additional (non-obligatory) course credit. The study was conducted following the ethical standards laid out in the Declaration of Helsinki and the local institution’s ethical guidelines. Data, analysis code, and stimulus material are available.1



2.2. Measures


2.2.1. Behavioral alternatives task

For the behavioral alternatives task, we adapted the idea of the Situated Decisions to Exercise Questionnaire (SDEQ) by Brand and Schweizer (2015) in a computerized task presented with iMotions™ software (version 8.0). After reading a prototypical everyday situation (vignette; e.g., a friend has asked you if you would either like to work out with him tonight or have a lazy evening), five randomized pairs of pictures representing conflicting behavioral alternatives (exercise vs. non-exercise) were presented. In each of the trials, participants were forced to choose one of the presented behavioral alternatives they would engage in (see Figure 1). Two vignettes each described situations where the activities would be done alone (vignettes 1 and 5) or together with others (vignettes 2 and 3), respectively. One vignette described an ambivalent situation where the individual could choose to do the behavior alone or in a group (vignette 4). Thus, participants completed 5 vignettes with 5 randomized pairs of pictures resulting in a total of 25 trials. The pictures were presented side-by-side on the left and right sides of the computer screen. The side of the screen was randomized for the exercise and non-exercise alternative. Choices had to be made within 10 s by clicking on either the ‘E’ (left behavioral alternative) or ‘I’ (right behavioral alternative) button on a keyboard.

[image: Figure 1]

FIGURE 1
 Representative gaze replay of a single participant with circles representing fixations and lines representing saccades. Fixation duration is indicated by circle size. Screenshot reproduced with permission from iMotions (8.0).


A 10-s time constraint with manual advance was set. To prevent participants from engaging excessively in deliberate thinking, they were asked to choose based on their initial thought as fast as possible. Between the trials, participants had to focus on a fixation cross for 5 s.

In total, 50 different pictures were used in the task: 25 representing exercise and 25 representing non-exercise. The exercise activities were selected according to the results of a representative survey on common sports and exercise activities among the Berlin population (Dierker et al., 2018). The results of that survey indicated biking, running, fitness, swimming, and hiking as the five most frequent activities. Since primarily moderate-or vigorous-intensity activities should be displayed in the current study, hiking was not considered; however, additional fitness activities were included based on exercise trends (e.g., CrossFit, rollerblading). For the non-exercise alternative, a broad range of alternatives were selected such as reading, listening to music, and lying in the park. Images were mainly provided by a license-free image database,2 and four images were self-taken by the authors. All images were presented in grayscale (16 bit) with a minimum resolution of 1,024 × 768 pixels and processed so that brightness distribution and contrasts were matched. The exercise and non-exercise images had to fulfill the following requirements: a similar perspective, the same number of individuals on the images with no visible facial expressions, no sexual stimuli, and no labels.

Intraindividual differences in gaze behavior and choice behavior for the behavioral alternatives were repeatedly measured and analyzed for each choice trial during the task. Since these measures can differ from situation to situation within individuals, they were used as a proxy for situated processes.


2.2.1.1. Gaze behavior

Gaze behavior (first gaze and fixations) was measured with the Gazepoint GP3 eye-tracker at a sampling frequency of 60 Hz. For each trial, a first gaze toward the exercising picture was coded as 1, whereas a first gaze toward the non-exercise picture was coded as 0. Fixations are a period during which the eyes are locked on a specific location in the visual field, measured by the eye tracker as a series of very close gaze points in time and range. The I-VT algorithm was used to classify eye movements above the velocity threshold of 30°/s as a fixation (Olsen, 2012). Number of fixations was separately computed for the exercising and the non-exercise alternative.



2.2.1.2. Choice

For each trial, choosing the exercise alternative (choice) was coded as 1, whereas choosing the non-exercise alternative was coded as 0.




2.2.2. Interindividual differences

Interindividual differences in participants’ automatic valuation of exercise was assessed before the task, whereas self-reported feelings towards exercise and exercise behavior were assessed after completing the task.


2.2.2.1. Automatic valuation of exercise

The affective misattribution procedure (AMP; Payne et al., 2005) was used as a proxy for an automatic-affective valuation of exercise. The AMP uses supraliminal presentations of primes (of the affective target stimuli, e.g., exercise) followed by a neutral Chinese ideograph. It is assumed that participants misattribute their spontaneous affective response to the primes for evaluation of the Chinese ideographs (Payne and Lundberg, 2014). In this study, an adapted version of the standard AMP (Payne et al., 2005) was presented with Inquisit 5.0 software. The same exercise and non-exercise pictures from the behavioral alternatives task were used as target primes, and grey squares were used as neutral primes. Primes were presented for 75 ms followed by a 125 ms black screen and by the presentation of the Chinese ideograph for 200 ms. Then, a grey mask picture was shown until participants evaluated the ideograph as “pleasant” or “unpleasant” by pressing the “E” or “I” key, respectively, on a standard QWERTZ keyboard. Participants were instructed to ignore the prime stimulus (Payne and Lundberg, 2014) and completed 100 randomly presented trials, lasting approximately five minutes total. The AMP score was calculated as the difference between the proportions of ideographs evaluated as pleasant after the exercise primes vs. the non-exercise primes divided by 100, resulting in a score between -1 and 1 (Payne et al., 2005). Positives scores indicated more ideographs following an exercise prime were evaluated as pleasant, whereas negatives scores indicated more ideograph following a non-exercise prime were evaluated as pleasant. The AMP score was z-transformed before further analyses. The internal consistency of the AMP in this sample (split-half; p = 0.81) is similar to that found in previous studies (>0.80; e.g., Zenko and Ekkekakis, 2019). We chose the AMP score as an implicit measure of automatic-affective valuation of exercise due to its inherent core affective and valuative properties. The AMP is based on the theoretical idea to elicit a spontaneous, automatic, affective judgement. This is conceptually close to the construct of automatic-affective valuation of exercise according to the ART (Brand and Ekkekakis, 2018; in contrast, for example, implicit association tests are based much more on the assumption of mental representations). Many studies from different research areas have already used the AMP to draw conclusions about automatic affective reactions to a wide range of behaviors, including drinking decisions (Payne et al., 2008), moral decisions (Hofmann and Baumert, 2010) and eating behavior (e.g., Hofmann et al., 2010). According to a meta-analysis (Cameron et al., 2012), the AMP can be used to predict behavior with an average effect size of r = 0.35. Few original studies in exercise psychology have used the AMP, but had comparable results (Karpen et al., 2012; Antoniewicz and Brand, 2014).



2.2.2.2. Self-reported feelings towards exercise

Self-reported feelings associated with exercise was used as a proxy for controlled evaluation of exercise. Participants indicated how they felt about exercising on a continuous 7-point scale (“absolutely negative” to “absolutely positive”). Scores for self-reported positive feelings were z-standardized. Research has shown that single-item measures to capture exercise-related feelings are highly correlated with multi-item measured of the same construct (r = 0.56 to 0.70; Brito et al., 2022).



2.2.2.3. Self-reported exercise volume

Self-reported exercise volume was measured through questions from the International Physical Activity Questionnaire (short form; Craig et al., 2003) as a proxy for a behavioral component. Participants were asked about their usual exercise behavior in their free time. Exercising was defined as activities that are deliberately pursued in a way that makes one breathe faster and break a sweat (e.g., swimming, jogging, going to the gym, tennis, soccer). Participants indicated their weekly frequency and duration of exercise sessions according to this definition. Average weekly exercise volume (sessions per week × duration per session) was calculated. One participant who reported an average duration of 360 minutes per session was excluded from the analyses involving self-reported exercise volume but retained for all other analyses.





2.3. Procedure

Participants were tested in single-person lab sessions lasting for approximately 45 min. The laboratory was dimmed with artificial lightning (i.e., no sunlight). Participants were seated 60 cm in front of a Benq Senseq FP222WA, 22″ monitor. The monitor was connected to the investigator’s laptop. The investigator could thereby monitor the experiment, but was out of the participant’s sight.

First, participants completed the AMP and then manually advanced to the behavioral alternatives task. Before initiating behavioral alternatives task, calibration of the screen-based Gazepoint eye-tracker was done by the iMotions™ software. Participants were instructed to minimize head movements during eye-tracking recording. After successful calibration, participants completed the behavioral alternatives task. After the task, participants answered a follow-up questionnaire to control for possible confounders (e.g., excessive exercise before the experiment, demographics) and to assess the exercise-related controlled and behavioral component. Finally, participants were thanked and debriefed.



2.4. Data analysis

The data were analyzed using generalized mixed models with the lme4-package (Bates et al., 2015) in R-software (R Core Team, 2021). Logistic mixed-effects models were used to predict the odds of first gaze (exercise vs. non-exercise) and linear mixed-effects models to predict the number of fixations on the behavioral alternatives. Participants and trials were included as crossed random effects to account for the crossed data structure and the non-independence of observations. Assuming a medium sized effect (based on a meta-analysis on the effect of visual attention on choice; Bhatnagar and Orquin, 2022), simulation studies revealed that in a fully crossed design with 25 trials 90 participants or more would result into 80% power (Westfall et al., 2014). To account for study attrition and data loss we aimed for a sample of at least 100 participants.

First, unconditional means models with the respective dependent variable (first gaze, exercise fixations, non-exercise fixation) were computed. Second, choice (0 = non-exercise, 1 = exercise) was added to model to test the relationship between gaze and choice behavior. Third, interindividual variables (i.e., automatic valuation of exercise, self-reported feelings towards exercise, and self-reported exercise volume) were separately introduced into the models to examine interindividual differences in gaze behavior.




3. Results


3.1. Choices in the behavioral alternatives task

In the behavioral alternatives task, choosing the exercise alternative was more likely than choosing the non-exercise alternative (OR = 1.85, 95% CI [1.39; 2.47], p < 0.001). In other words, there was a 65% chance of choosing exercise across all trials and participants. Choosing the exercise alternative in the behavioral alternatives task correlated with self-reported exercise volume (r = 0.43, 95% CI [0.20, 0.53], p < 0.001), with self-reported positive feelings towards exercise (r = 0.58, 95% CI [0.43, 0.70], p < 0.001) and with the automatic valuation of exercise as measured with the AMP (r = 0.20, 95% CI [0.00, 0.38], p = 0.05). Correlations and descriptive statistics of all main variables are presented in Table 1.



TABLE 1 Means, standard deviations, and correlations of the main variables.
[image: Table1]



3.2. Gaze behavior


3.2.1. First gaze

There was no significant difference in whether participants fixated the exercise or the non-exercise alternative first (OR = 1.29, 95% CI [0.89, 1.88], p = 0.18), suggesting there was no initial bias towards the non-exercise alternative. However, the initial gaze fixation was more likely on the alternative that was then chosen by the participant (OR = 1.30, 95% CI [1.04, 1.62], p = 0.02). Self-reported exercise volume (OR = 1.00, 95% CI [1.00, 1.00], p = 0.39), self-reported positive feelings towards exercise (OR = 0.99, 95% CI [0.90, 1.08], p = 0.77), and automatic valuation of exercise (OR = 0.98, 95% CI [0.89, 1.07], p = 0.66) did not contribute significantly to explaining variance in first gaze.



3.2.2. Fixations

Analyses revealed that individuals had more fixations on the chosen alternative compared to the non-chosen alternative (bnon-ex = 1.07, 95% CI [0.78, 1.36], p < 0.001, bex = −0.79, 95% CI [−1.05, −0.53], p < 0.001). Figure 2 illustrates this effect, showing participants had more fixations on non-exercise (compared to exercise) when choosing non-exercise (orange line) and more fixations on exercise (compared to non-exercise) when choosing exercise (blue line). In each trial, exercise was fixated on average 3.99 times (95% CI [3.66, 4.31]) and non-exercise 3.90 times (95% CI [3.56, 4.24]) before one of the two alternatives were selected. There was no significant difference in the number of fixations on the exercise vs. the non-exercise alternative accordingly (b = −0.09, 95% CI [−0.34, 0.17], p = 0.51).

[image: Figure 2]

FIGURE 2
 Predicting fixations on the exercise and the non-exercise behavioral alternative with choice behavior. The orange line shows the model-predicted fixations when exercise was chosen. The blue line shows the model predicted fixations when non-exercise was chosen.


Automatic valuation of exercise, self-reported feelings towards exercise, and self-reported exercise volume were generally unrelated to the number of fixations on the exercise (see Table 2) and on the non-exercise alternative (see Table 3). Only the number of gaze fixations on the non-exercise alternative was slightly associated with self-reported feelings towards exercise (b = −0.27, 95% CI [−0.53, −0.00], p = 0.05). Figure 3 illustrates that more positive reported feelings towards exercise were not associated with more exercise fixations (orange line), but more negative reported feelings were associated with more fixations on the non-exercise alternative (blue line). These findings indicate the number of fixations was statistically informative for the behavioral choices in the task, but it was not associated with what participants typically like (automatic valuation and self-reported feelings towards exercise) or their usual behavior (self-reported exercise volume).



TABLE 2 Predicting exercise fixations with automatic valuation of exercise (Model A), self-reported feelings towards exercise (Model B) and self-reported exercise behavior (Model C) when making exercise-related choices.
[image: Table2]



TABLE 3 Predicting non-exercise fixations with automatic valuation of exercise (Model D), self-reported feelings towards exercise (Model E) and self-reported exercise behavior (Model F) when making exercise-related choices.
[image: Table3]
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FIGURE 3
 Predicting fixations on the exercise (orange) and non-exercise alternative (blue) with self-reported feelings towards exercise.






4. Discussion

This study examined situated processes and interindividual differences in gaze behavior in a sample of healthy individuals when confronted with a choice between two behavioral alternatives: to exercise or not to exercise. We found that individuals’ gaze behavior was associated with their in-the-moment choices, but not with their more general automatic affective valuation, their controlled evaluation of exercise, and not even with their self-reported exercise behavior. Findings suggest that individuals are more likely to focus on what they are about to choose in a single situation, but not what they usually like or do. Our results provide evidence that situated processes that arise from very specific stimulus configurations with behavioral alternatives can be independent of individuals’ more general preferences.

These findings partially support theoretical perspectives from dual-process models such as the ART (Brand and Ekkekakis, 2018) and the TEMPA (Cheval and Boisgontier, 2021; or the Automatic Affective Evaluations of Physical Activity model, to name another; Conroy and Berry, 2017) that situated and probably conflicting processes between behavioral alternatives need to become a greater focus of research when analyzing behavioral choices. After having established the intention, for example, to start an exercise routine, the resulting behavior is often an in-the-moment choice between behavioral alternatives. Individuals may experience conflicts thereby, because choices involve the desired behavior (e.g., exercise) and an alternative behavior that may be a barrier for engaging in the desired behavior (e.g., lying on the couch). Therefore, not only should the processes that drive someone towards the desired behavior (e.g., beliefs, goals) be analyzed, but also the processes that occur in a particular situation (i.e., situated processes) that prevent someone from engaging in that desired behavior.

As expected, individuals who reported to generally like and do exercise were more likely to choose the exercise alternative (65%) than the non-exercise alternative in the behavioral alternatives task. This fits well with the self-reported exercise volume of the present study sample. We had a fairly active sample with the middle 50% of participants reporting to have between 180 and 450 min of exercise per week (M = 358, SD = 283). Thus, the sum of the individual choices in the behavioral alternatives task seems to reflect general exercise preferences.

There was no automatic bias in first gaze to either the exercise or the non-exercise alternative. This neither supports assumptions of ART nor TEMPA. Based on TEMPA, there would have been a general automatic bias towards the non-exercise alternative due to an inherent universal bias toward effort minimization. Alternatively, ART would suggest automatic responses are learned through experiences and triggered when confronted with an exercise-related stimulus. Based on ART, participants would initially direct their gaze in line with their automatic valuation of exercise. However, those who had a more positive automatic valuation of exercise had no automatic bias towards the exercise alternative. This result could also be biased by the relatively active sample (due to the limited variance in the exercise volume variable). Another possible explanation for these findings is that the AMP is just a proxy for measuring automatic valuations and may not adequately represent the construct of automatic affective valuation of exercise, despite robust findings in other fields (Payne and Lundberg, 2014). Only one study to date has shown a medium size effect (d = 0.59) between the AMP score and exercise behavior (Antoniewicz and Brand, 2014). In particular, these authors showed that frequent fitness center exercisers exhibited more positive affective valuation of fitness center exercising than exercisers who preferred other exercise settings. In the present study, the AMP score was significantly, but only slightly (r = 0.20, p = 0.05) correlated with choice behavior and unrelated to self-reported exercise volume (r = 0.15, p = 0.12). This does not necessarily mean that the AMP has no validity, but the results obtained with the AMP should be interpreted cautiously on a more nuanced level. The present findings (a higher, albeit small, correlation between the AMP and choice behavior than with exercise volume) support Antoniewicz and Brand’s (2014) conclusion that automatic affective valuations may play a role in qualitative behavioral regulation (e.g., choice of exercise setting) rather than in quantitative behavioral regulation (i.e., exercise volume). Additionally, with the AMP, automatic valuations were not measured on a situational basis (i.e., for each choice situation). According to ART (Brand and Ekkekakis, 2018) automatic valuations of exercise arise and manifest themselves in situated decisions, meaning that automatic processes may vary depending on the situation at hand (e.g., the specific behavioral alternatives an individual faces). In the present study, however, affective valuation was measured only once with the AMP and thus may not be able to predict situated gaze behavior. This would require a tool that measures automatic valuations for each individual situation, which to our best knowledge does not yet exist.

As expected, first gaze was associated, albeit slightly, with the alternative chosen in that situation. This pattern of results is even more evident for fixations where participants directed their gaze on a specific location in the picture. These findings are in line with a large body of evidence on the gaze cascade effect, the tendency to look longer at stimuli that are eventually chosen (e.g., Onuma et al., 2017). Interestingly, similar to first gaze, the number of fixations were not associated with the assessed interindividual differences. For example, active individuals did not look longer at the exercise stimuli than inactive participants. These results seem to contradict previous findings from exercise psychology which have demonstrated an attentional bias towards exercise for active individuals (e.g., Berry et al., 2011; Cheval et al., 2020). However, in comparison to the study here, participants in previous studies were not forced to make a choice. There is research showing that attentional processes are more strongly influenced by the task itself (i.e., the goal of the decision: to choose what you want vs. what you do not want) than individual preferences (van der Laan et al., 2015). Our findings support this by showing that the task (to make a choice) and the specific alternatives presented in each situation (i.e., the presented behavioral alternatives) were associated with gaze behavior but not with individual preferences or behaviors. Hence, this lends support for the importance of situated processes emphasized in theoretical perspectives from dual-process framework (Brand and Cheval, 2019; Rhodes et al., 2019).

Although an individual may report liking exercise, certain features of an alternative behavior may drive the individual to choose the alternative over exercise. This is well in line with the idea of an inner conflict. Even if someone generally likes to exercise, but the couch seems more attractive in that very situation, an internal conflict arises. More attention may be on the non-exercise alternative, which increases the likelihood that the alternative behavior will be chosen. This suggests that in-the-moment individuals are confronted with the decision to exercise, additional situated processes may influence the decision. Thus, our results support the assumption that attentional processes may play an active role in constructing choice behavior above and beyond general preferences (Orquin and Mueller Loose, 2013).

Assuming that the present findings are robust and replicable, this could imply that neither an inherent nor a learned automatic bias toward exercise or a sedentary alternative can sufficiently explain behavioral choices. This challenges assumptions of TEMPA regarding a negative automatic bias towards exercise and some predictions of ART regarding a learned automatic association of exercise. On the other hand, a more fundamental assumption of dual process models can be supported. We found that processes that take place in-the-moment of choice play an active role in constructing the choice. This is consistent with the assumption of a continuous interaction between situated automatic-affective and reflective processes until a choice is reached (Brand and Ekkekakis, 2021). Further refinement would be needed with respect to assumptions about the interplay between psychological states and traits. The present study suggests that individuals bring some inherent general trait-like preferences (e.g., liking exercise) into a situation, but these general preferences may operate independently of state-like situated processes (e.g., the affective state).

In line with current perspectives of exercise behavior change (Rhodes et al., 2019), exercise interventions largely focused on interindividual preferences or differences may fail at long-term behavior change because they neglect the role of situated processes and competing behavioral tendencies (e.g., the appeal of a non-exercise behavioral alternative). Empirical studies focused on interindividual difference – such as perceived autonomy, competence, or relatedness – may explain behavior change, but intervention focused on these variables fail to result in sustained behavior change (Chevance et al., 2019; Compernolle et al., 2019; Ntoumanis et al., 2021). In order to improve exercise interventions, situational features such as attention to specific behavioral alternatives should be considered in addition to interindividual differences, e.g., in expectations and goals.


4.1. Limitations and future directions

While the study had several strengths (e.g., capturing processes in-the-moment of choice, using generalized mixed models), some limitations need to be considered. In the present study, hypothetical scenarios were used as a proxy for situated decision-making. Future studies should examine how the present results unfold in real life. One way to investigate situated processes in real life decisions could be the use of ecological momentary assessment (EMA), which can capture time-varying factors and intraindividual fluctuations (e.g., Dunton, 2017). EMA has been shown to be a feasible way to measure exercise behavior and motivation in real-time and naturalistic settings (Maher et al., 2018; Reichert et al., 2022). Studies using this technique already yielded reliable associations between momentary affective states and physical activity behavior (Liao et al., 2015). However, a randomized-controlled trial that investigated the effects of an intervention on controlled processes (goal setting) on daily physical activity levels failed to demonstrate a significant effect. Instead, these results revealed substantial individual variability, suggesting that other processes may play a role in promoting or hindering physical activity (Utesch et al., 2022). Automatic processes could be one of those variables. However, there is yet to be a tool that can capture automatic processes - such as those measured with the AMP - on a momentary basis. As an alternative, quick implicit measures such as the brief implicit association test (Sriram and Greenwald, 2009) or eye-tracking (Peng et al., 2021) could be modified for mobile devices.

Despite the use of a within-subject design, the present study is unable to conclude causal relationships. Future work is needed to understand whether exercise-related choice preferences can be influenced by experimentally manipulating attentional processes. Moreover, as the study sample consisted mostly of university students, generalizability is limited. It is possible that because many participants were enrolled in a physical activity focused program, this may have caused the bias toward the exercise alternative. The behavioral alternatives task appears to successfully assess a tendency of individuals to choose exercise, but it is important to note that the odds found in this study (preference for the exercise alternative) may not reflect the general population. This calls for replication studies with more heterogenous and larger sample sizes.

In addition, this task had relatively few trials compared to other eye-tracking or experimental studies (van der Laan et al., 2015). However, the focus of the present task was to examine processes within trials (choices) and not on an overall general score across all trials. Modeling both, participants and stimuli as random effects helped to increase the robustness of statistical analytics beyond the specific stimuli used (Westfall et al., 2014). However, if the focus of a study would be to examine a general preference across trials, more trials would certainly be needed.

The unique features of the computerized behavioral alternatives task – such as modeling single situated choices on different levels and the use of eye-tracking as a process-tracing method – open up possibilities to test hypotheses derived from exercise psychology theories. For example, it could be studied whether limited self-control alters the interplay of automatic and controlled processes or whether changing the affective experience during the behavior (e.g., Jones et al., 2020; Timme and Brand, 2020) influences exercise-related information processing. Furthermore, it would be interesting to investigate how stable these processes are and whether situational influences (such as exercising before the task) would render, for example, sedentary activities more attractive.

In terms of practical implications, our findings suggest that, for example, personal trainers should consider that situational factors (e.g., the specific behavioral alternatives) influence whether or not individuals follow an exercise program, probably quite independently of their more general beliefs and preferences.




5. Conclusion

Previous studies and interventions for exercise behavior change have largely focused on interindividual differences in automatic and controlled processes. This study provided partial support for dual-process theories in exercise psychology. We found that interindividual differences in general exercise preferences (i.e., automatic-affective valuation, controlled evaluation and exercise behavior) are related to the choice behavior among concrete behavioral alternatives (exercise vs. non-exercise). However, situated gaze behavior in these choice situations does not follow these interindividual preferences, but rather depends on the specific available behavioral alternatives. This implies that situated processes may augment interindividual differences in automatic and controlled (e)valuations of exercise when it comes to exercise-related choices. The importance of situated processes in behavior change has been neglected by most exercise psychology theories so far, and thus may be an important missing piece in understanding the processes underlying exercise motivation.
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Motivation for physical activity and sedentary behaviors (e.g., desires, urges, wants, cravings) varies from moment to moment. According to the WANT model, these motivation states may be affectively-charged (e.g., felt as tension), particularly after periods of maximal exercise or extended rest. The purpose of this study was to examine postulates of the WANT model utilizing a mixed-methods approach. We hypothesized that: (1) qualitative evidence would emerge from interviews to support this model, and (2) motivation states would quantitatively change over the course of an interview period. Seventeen undergraduate students (mean age = 18.6y, 13 women) engaged in focus groups where 12 structured questions were presented. Participants completed the “right now” version of the CRAVE scale before and after interviews. Qualitative data were analyzed with content analysis. A total of 410 unique lower-order themes were classified and grouped into 43 higher order themes (HOTs). From HOTs, six super higher order themes (SHOTs) were designated: (1) wants and aversions, (2) change and stability, (3) autonomy and automaticity, (4) objectives and impulses, (5) restraining and propelling forces, and (6) stress and boredom. Participants stated that they experienced desires to move and rest, including during the interview, but these states changed rapidly and varied both randomly as well as systematically across periods of minutes to months. Some also described a total absence of desire or even aversion to move and rest. Of note, strong urges and cravings for movement, typically from conditions of deprivation (e.g., sudden withdrawal from exercise training) were associated with physical and mental manifestations, such as fidgeting and feeling restless. Urges were often consummated with behavior (e.g., exercise sessions, naps), which commonly resulted in satiation and subsequent drop in desire. Importantly, stress was frequently described as both an inhibitor and instigator of motivation states. CRAVE-Move increased pre-to-post interviews (p < .01). CRAVE-Rest demonstrated a trend to decline (p = .057). Overall, qualitative and quantitative data largely corroborated postulates of the WANT model, demonstrating that people experience wants and cravings to move and rest, and that these states appear to fluctuate significantly, especially in the context of stress, boredom, satiety, and deprivation.
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Introduction

Physical inactivity and sedentarism plague the United States and other developed countries. Sitting time, not including other sedentary behaviors like napping, has steadily increased among Americans to nearly 5.9 h/day (1), and only 24% of American adults meet the physical activity guidelines for combined aerobic and strength training (2). Structured exercise (e.g., a 30-minute run) is just one facet of energy expenditure (EE). Other sources of EE include non-exercise activity thermogenesis (NEAT). This includes lifestyle physical activity (PA; e.g., walking to a train station) and spontaneous physical activity (SPA; e.g., standing up, getting a glass of water, fidgeting, etc.) (3). Active and sedentary behaviors vary widely across the day and between days, are not necessarily synchronous and, in fact, they can be demonstrated simultaneously (4–7). Unfortunately, current models of health behavior are insufficient to explain and predict the complexity of human movement and EE as they focus on habitual activity and trait-like motives without consideration for variations in movement and motivation from moment to moment (8–11). There has also been criticism that decades of research focused on cognitive aspects of physical activity behavior have overshadowed constructs of emotion and motivation, despite the low predictability of such factors (12, 13). Improvements have recently been made in modelling physically active behaviors, as with the Affective-Reflective Theory (ART) of physical inactivity and exercise (14), the dual process model from Conroy and Berry (15), and the Affective Health Behavior Framework (AHBF) (16). These theories incorporate the influences of affect, cognitive deliberation, hedonic motivation, and the idea of a final action impulse—a motivational catalyst or endpoint that instigates both active and sedentary behaviors.

In addition, common to these and other models is the idea of subjective wanting or desiring to move and rest, also known as motivation states (17). For instance, there are times when people may want to get up and stretch their legs, exercise, or go for a walk. Likewise, they may desire to sit on the couch, take a nap, or lay down in bed. In this case, “desire” and “want” are used interchangeably, as has been done by other researchers (18), but they can also be used separately to denote influence from reflective or appetitive systems (12). These motivation states may be experienced as strong urges and cravings, conspicuously incorporating the idea of felt tension and may be experienced as positive or negative. Collectively, desires, wants, urges, and cravings are known as affectively-charged motivation states (ACMS) (19). These occur in both healthy individuals, where they may often go unnoticed, and also in clinical populations, where they can be quite bothersome and even disabling (20). The basis of these states could be a basic drive to move and be active (21), which initially Feige (22) and more recently others (17) recognized as the foundation of physical activity motivation. The recognition of ACMS could significantly enhance our theoretical models as they: (1) apply to any rewarding behavior, (2) can change from moment to moment, and (3) incorporate aspects of affective response (16, 23). Over the last few years, Stults-Kolehmainen and colleagues (17, 20, 21, 24–27) have developed the idea of motivation states for movement and rest in one of the first efforts to incorporate these ideas into behavioral models.

To understand how desires and urges for movement and sedentarism interact, Stults-Kolehmainen and colleagues (17) developed the WANT model (Wants and Aversions for Neuromuscular Tasks). This heuristic is a circumplex-type framework that incorporates three main factors (i.e., move and rest; want and lack of want; approach and withdrawal). A complete set of postulates of the WANT model include:


	1.Humans have reflective and appetitive desires to move and rest.

	2.Desires for movement and rest are characterized as two separate systems, and not opposite sides of the same axis.

	3.There is both approach and avoidance motivation for movement and rest (e.g., one might be actively dis-wanting to move) (8, 23, 28).

	4.These desires vary in strength or intensity (29) from very weak to nearly unavoidable/maximal, where they might be felt as an urge or craving.

	5.Wants/desires are highly transitory psychological states.

	6.They change in response to behavior (i.e., the provision, deprivation, or avoidance of certain physical stimuli, such as exercise).

	7.They interact asynchronously (e.g., one may be high in both, low in both, or anywhere in-between).

	8.There may also be a total lack of desire, as in meditative or sleeping states, or perhaps total apathy or indifference.

	9.They differ from psychosomatic sensations, such as energy and fatigue.

	10.They differ from emotions; however, the experience of desire for movement and rest might vary systematically with certain emotions (e.g., stress responses, fight, flight, fright, freeze), situations (e.g., sporting event, sudden terror) and conditions (e.g., illness) (23).



The WANT model is influenced by theories mentioned above, but perhaps most concordant with the concept of motivation control systems from Frijda and colleagues (30–32), who articulated ideas of motivation states, strength of urges, wanting vs. not wanting, approach vs. withdraw, a center point of no desire (e.g., apathy, disinterest, indifference), and how these relate to emotion. Also related is the Elaborated Process Model of self-regulation by Inzlicht and colleagues (33), who describe opposing motivational systems of “exploration, leisure & want-to” vs. “exploitation, labor & have-to.” Some researchers, however, have presented data and models that are less supportive of our model. These have speculated that: (1) desires to move and be active have weak influences on physically active behaviors, (2) desire to move may be subservient to desires to rest and be sedentary, (3) avoidance motivation (e.g., dread of movement) rather than approach or want of movement, is most influential or (4) desires to be active may not exist at all (12, 16, 29, 34–37). Importantly, there appears to be a consistent logical fallacy from many of these sources and others—that low exercise behavior and large waist lines observed across the population are evidence that most people do not want to move (38, 39). Nevertheless, our recent work seems to dispute these assertions (24).

Our laboratory recently conducted a series of studies (24) to provide initial validation for the concept of affectively-charged motivation states (ACMS) for physical activity and sedentarism and the WANT model. With 846 participants, we developed a tool to measure ACMS, called the CRAVE (Cravings for Rest and Volitional Energy Expenditure), and subsequently conducted factor analyses to analyze both “right now” and “past week” versions. One hundred and twenty-seven people from New England were then tracked over a two-year period, where it was determined that ACMS have properties more similar to states than traits. In a later study, 21 undergraduate students from Texas completed the CRAVE before and after a maximal treadmill test, where it was found that motivation states to move declined precipitously (Cohen's dav = 1.05) and to rest increased (Cohen's dav = 0.82). In a separate study, 41 students from the American Midwest were measured 3 times across a lecture period, where it was found that desires to move increased 20% just before class dismissal, while desires to rest decreased 17%. In this last investigation, ACMS were moderately related to sensations of energy and fatigue. In line with expectations, these studies verified that motivation states are predicted by preceding behaviors. Overall, we can conclude that the concept of motivation states to be active and rest is valid and worthy of further exploration.

Despite the initial progress in developing and validating the concept of motivation states for physical activity and rest, many challenges need to be faced. First, there is still a dearth of evidence in the area, as noted by influential scientists in the area of exercise psychology (12). Second, the concept is still largely theoretical and lacks ecological validation—the voice of opinion from non-scientists. That is to say, in investigations up until this time, the concept has been largely limited to responses on an instrument in controlled settings, without greater naturalistic context. For instance, the way people describe motivation states in common language may not include the terms “desire”, “want”, “urge” or “craving”. Similarly, the WANT model needs further development and ecological validation as it may be missing important postulates that could be identified qualitatively. Conversely, important suppositions in the model (e.g., two axes, magnitude, approach vs. withdrawal) may lack sufficient ecological validity. Further development is also needed as the WANT model is largely descriptive and explanatory without being predictive. In this regard, 1) there is little evidence to show a strong connection between ACMS and future behavior (26), and 2) there are currently no adequate predictive models that incorporate desires and wants to move and rest. Qualitative research can fill that gap, using insights from participants to identify mechanisms for theory and conceptual model development (40).

Consequently, to further develop and validate the concept of affectively-charged motivation states (ACMS) and the WANT model, there are five aims of the current investigation.


	1.To extend the quantitative validation of: (a) the CRAVE scale, (b) the ACMS concept (i.e., that people do have wants and desires), and (c) the WANT model.

	2.To further validate qualitatively the ACMS concept for movement and rest; to uncover if respondents recognize these states in their own personal experience and how they might be described in layman's terms.

	3.To further validate qualitatively postulates of the WANT model.

	4.To understand if ACMS relate to and spur physically active and sedentary behavior.

	5.To generate information and themes to further develop the concept of motivation states and the WANT model and/or develop stronger predictor models of behavior.



Aims 2–4 will use a qualitative deductive approach and aim 5 will use a qualitative inductive approach.

Regarding the deductive analyses, we hypothesized that:


	1)motivation states (assessment via the CRAVE scale) would change over the course of an interview period (pre to post),

	2)qualitative evidence would emerge from interviews to support: (a) the ACMS concept and (b) postulates of the model,

	3)qualitative evidence that ACMS are linked to future physically active and sedentary behavior.





Materials and methods


Experimental approach

To address the aims and hypotheses of this study, we chose a mixed methods approach combining qualitative and quantitative methods. Participants were interviewed in focus groups (described below) with quantitative measures collected before and after the interviews.



Participants

Participants were 17 college undergraduate students (mean ± SD: age = 18.6 ± 0.94y; BMI = 26.1 ± 6.5; 7 people of color; 12 first-year students) enrolled in the Honors Program at the university. We queried about gender and not biological sex. There were 13 women, 2 men, and 2 individuals identifying as non-binary. Participants were largely recruited in-person during classes by word of mouth with a script by one of the principal investigators (TG). Participants received a $30 gift card for participation.



Procedure

The interviews took place in-person, in a private setting on the university campus, in one of seven focus groups that incorporated one to four participants at a time. Before commencement of the interviews, participants were briefed on the study purpose—to better understand the determinants of movement behaviors in humans, such as the urge to be active. Procedures, potential risks, and requirements for participation were discussed with all participants. They completed a consent form indicating their willingness to participate and have the interview digitally recorded. Upon completion of the informed consent participants filled out a short demographic questionnaire and CRAVE questionnaires (Past Week and Right now versions). Following the completion of these questionnaires, participants engaged in a focus group interview that presented 12 structured questions (Supplementary Data Sheet S1). A researcher with extensive experience in qualitative research (TG) conducted the focus groups. Finally, participants ended by completing the CRAVE (Right now version) questionnaire one last time. Interviews were recorded by the interviewer and transcribed by a professional scribe.



Interview questions

Questions were structured to be balanced between move and rest (i.e., 4 specific to activity, 4 specific to rest, 4 for both move and rest). The first 4 questions regarded the validation of the concept and model. Questions 5–12 were created with the idea of conceptual and model development. Questions were always presented in the same order, with questions 1 and 2 intended to prime participants for later questions. The interview responses were free flowing in that the same person did not always respond first. Once the interviewer finished posing the question, the first person who wished to comment was allowed to do so; however, each person had a chance to respond to every question. Participants typically engaged in a discussion format regarding their feelings, perceptions and observations related to the topics at hand. When necessary, and to facilitate greater discussion, probes were used by the researcher to elicit more detailed responses.



Quantitative measure

CRAVE (Cravings for Rest and Volitional Energy Expenditure): The CRAVE is a 13-item questionnaire with two versions, "past week" and "right now", which has been validated across six studies (24, 26), demonstrating excellent psychometric properties. For this study, the past week version was used just at the beginning and the right now version was used both pre and post. Six scale items relate to physical activity (e.g., “move my body”), and 7 items are related to sedentary behaviors (e.g., “do nothing active”). In validation testing, an exploratory structural equation model (ESEM) revealed that 10 items should be retained, loading onto two factors (5 each for Move and Rest). Consequently, the remaining 3 items are unscored fillers. Move and Rest factors are correlated moderately and inversely (r = −.71 and −.78, in two different studies). Reliability of the scale in the same studies, as determined by McDonald's ω, was very high (both .97). The CRAVE has good test-retest reliability and reliably measures state-like properties of motivation. Across-session interclass correlations (ICC) for Move (ICC = 0.72–0.95) and Rest (ICC = 0.69–0.88) are higher than those measured across 24-months (Move: ICC = 0.53; Rest: ICC = 0.49). The CRAVE is sensitive to changes with exercise testing, with Move decreasing with a maximal stress test (Cohen's dav = 1.05) and Rest increasing (Cohen's dav = 0.82). It has small to moderate associations with sensations of energy, fatigue, tiredness, and deactivation.



Data analysis

Quantitative data was analyzed with paired t-tests with the Jamovi statistical package (Version 2.2) (41). For qualitative data, researchers used content analysis as described by Hsieh & Shannon (42) and formerly utilized by one of the first authors (43) to analyze results. A deductive approach was used for theoretical validation—to identify support or disagreement with both: (A) the concept of ACMS for movement and rest and (B) the WANT Model. An inductive approach was used for concept development. These approaches were conducted simultaneously for efficiency. Two analysts, both experts in the content area (TG and MSK), started by identifying lower order themes, which were entered into Microsoft Excel. Associated data from interviewees was tagged to lower order themes (LOTs). For the inductive approach, analysts independently inspected LOTs to generate higher order themes (HOTs). Every LOT was tagged to a HOT. Later, HOTs were sorted into a reduced number of bins to create super-higher order themes (SHOTs). In creating SHOTs, additional theory was considered, such as the Elaborated Process Model of self-regulation (33), motivation control systems (30–32), Self-Determination Theory (44), the Incentive Sensitization Model (ISM) of rewarding behaviors (45, 46), and the Theory of Hedonic Motivation (12). In the case of disagreement in the creation of HOTs and SHOTs, a third author (NSB) provided the tiebreaker.




Results


Quantitative analysis

CRAVE-Move was rated higher than CRAVE-Rest for both pre- (p = .022, Cohen's d = 0.61) and post-interviews (p <  .001, Cohen's d = 1.48). PW and RN versions of CRAVE-Move were moderately correlated (r = .51, p < .05). Respondents rated their CRAVE-Move as being higher “over the past week” (PW) than “right now” (RN) (33.7 ± 8.0 vs. 28.9 ± 9.8). PW and RN versions of CRAVE-Rest were also moderately associated (r = .49, p < .05). We could not reject the null hypothesis that there was no difference for rest “over the past week” vs. “right now” (16.5 ± 7.6 vs. 17.3 ± 10.9). See Table 1.


TABLE 1 Correlation Matrix (Pearson's r) and descriptive statistics for “Past week” (PW) and “Right now” (RN) versions of the CRAVE Scale, measuring desires and wants to move and rest.
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CRAVE-Move (right now) significantly increased across the interviews from 28.9 (SD = 9.8) to 35.3 (8.9) (p = .006, Cohen's d = 0.76). CRAVE-Rest demonstrated a trend to decline: 17.3 (SD = 10.9) to 11.9 (8.3) (p = .057, Cohen's d = 0.50). Variance decreased meaningfully, as seen in Table 2 and Figure 1.


[image: Figure 1]
FIGURE 1
Motivation states to move and rest rated “over the past week” (PW, pre only) and “right now” (RN, pre and post).



TABLE 2 Paired samples T-tests comparing pre- versus post-interview time points for both “Right now” (RN) and “Past week” (PW) versions of the CRAVE scale.
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Deductive qualitative analyses


Evidence for motivation states

Thematic findings from these qualitative interviews, specifically Questions 3, 4 and 12 (presented later), corroborated the concept of ACMS for movement and rest. In question 3 (“Do you want to move right now?”), 12 reported “Yes” and indicated some desire to move; five indicated “No”. Of these, some respondents qualified their answer by noting they only wanted to move at a low intensity (n = 2), and one “No” was emphatic. In Question 4, 12 respondents reported that they did not want to rest; 4 responded they wanted to rest, and 1 did not know. Of these, 1 person noticed a conflict between wanting to move and rest. Two respondents noted they wanted to rest “a lot”, and 1 respondent noted she/he did not want to rest “at all”.

Throughout the focus group sessions, participants remarked frequently about their desires to move, be active, but also to rest, both over the past week (e.g., “I have been wanting to move around a lot”) and right now (during the interview, e.g., “I want to get out and train”). Interviewees also provided evidence of aversions or avoidance of both movement and rest. While many of these statements were unambiguous, others were suggestive and less concrete, [“I am feeling like I wish we were doing a bit more (exercise)”]. Table 3 provides a compilation of statements supportive of the concept of affectively-charged motivation states.


TABLE 3 Qualitative evidence for ACMS for movement/physical activity/exercise as well as rest/sedentary behaviors.a

[image: Table 3]

There was also some doubt about the desire or want to move. For instance, one respondent said,
“… When it comes to ‘urge’ and ‘crave’ it's a natural thing [where] you crave sleep because you can't really just stay up all the time—because you need to sleep. It's more primal, I guess. Because everyone has to sleep. You don't have to move. Well, I guess it depends. There are people who don't really move, but there are some people that do. But everyone sleeps, no matter how active you are.” (9/15/21, Participant A).
There was even some doubt about the desire or urge to rest, “I don't see an urgency necessarily to rest, because I gotta reach that brink of exhaustion, to feel that I have earned the right to rest. … I don't feel an urgency to rest.” (9/27, A). Also, “Do I want to rest physically? I don't know, but I am ok with being active because I feel like my brain needs a rest” (8/31, D).



Changes in motivation states from pre- to post-interview

Question 12 revealed that at the end of the interview, 12 participants declared a greater desire to move, and two had no perceived changes in desires to move. Of the three remaining, they reported increased awareness of affectively-charged desires for movement and rest behaviors, which was corroborated by two other participants. One participant noted how this awareness also related to behavior,
“I think I get urges to move because I always have a twitch going on, and I'll move my legs a lot, like I am doing now. They are always moving, and if I notice it happening more, I feel like, ‘Okay, I need to get up and walk around’, even if it's just while I am listening to a class online. … I have to do something!” (9/21, C).
One of the participants who reported no change in movement desires contrasted that with a report of a decrease in rest. Another respondent reported, “Interestingly enough, I think I’ve actually woken up in the hour that I’ve been here …” (9/17, A).



Support for the WANT model

Respondents' comments provided supporting evidence for all postulates of the WANT model. One postulate, “Desires to move and rest interact asynchronously (e.g., one may be high in both or low in both or anywhere in-between),” had few supporting statements. However, in regard to this tenet, a respondent reflecting on a stressful situation noted,
“I was a bit hungover, and I was stuck to my bed because I was a bit nauseous, but I [couldn't] fall asleep. [I thought] ‘If you can't rest, you should be doing something’, and it was very annoying because I wanted to begin cleaning my room. ‘I’m awake, I should be moving’, but I needed my eyes to be closed and a pillow over my head. I couldn't satisfy the urge to move and get stuff done, and that was very stressful.” (9/27, A).
There was some evidence against specific postulates of the WANT model. For instance, concerning the supposition that “Desires vary in strength from very weak to nearly unavoidable/maximal,” an interviewee remarked,
“I would say that want, desire, and urge—the whole set—feels the same to me. I don't think that they are super different.” (8/31, B).
See Table 4.


TABLE 4 Qualitative evidence for the WANT model.
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Impact of affectively-charged motivation states (ACMS) on subsequent behavior

We found qualitative evidence that motivation states were related to aspects of subsequent movement and sedentary behavior—in type, quantity and in quality of motor behaviors. The effect on behavior was often related to the strength of the ACMS. One participant stated, “If I really want to exercise, I will make time for it.” (9/10, B). Respondents also reported that motivation states did not result in behavior enactment/consummation. For instance,
“‘Want’ is more knowing I should, but it doesn't incite me to actually do it. Want is just, ‘I should probably do this, because I know it's good for me’, but I don't actually do it.” (8/31, D).
See Table 5.


TABLE 5 Qualitative evidence that affectively-charged motivation states (ACMS) have influence on movement and sedentary behaviors.
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Qualitative inductive analyses


Lower-Order theme (LOT) identification

Investigators found 435 lower-order themes (e.g., “move for sport”, “rest and be lazy”), only 25 of which were identical between raters, resulting in 410 unique lower order themes. LOTs generated per interview question ranged from 16 for Question 12 to 65 for Question 7 (mean = 36.3, SD = 12.4). There was a total of 753 counts (e.g., instances or tags) across all LOTs. Counts (e.g., instances or tags) per LOT identified were 1.7 (range 1.1 to 3.0). In the first eight questions, move queries resulted in 180 LOTs, and rest resulted in 145, but total counts from move queries were 285 and from rest were 264. Overall, these data demonstrate that many lower order themes were identified (for both move and rest factors). LOTS were tagged to participants' comments.



Higher-Order theme (HOT) identification

The two analysts generated the same (or highly similar) higher-order themes only 22.4% of the time. Discordant HOTs were sent to analyst 3, who chose analyst 1's HOT in 33.6% of instances. In 1.3% of instances, the analyst was unable to make a determination, resulting in the items being discussed until consensus. In the end, 43 higher order themes were agreed upon.

The 10 most common HOTs (based on frequency of LOTs in ach HOT) were: (1) “sensations/stimulation” (n = 62 LOTs), (2) “demands” (n = 52), (3) “facilitators of movement” (n = 40), (4) (tie) theoretical support (n = 37), (4) (tie) “physical sensations” (n = 37), (6) “cycles/variation” (n = 35), (7) (tie) “stress” (n = 32), (7) (tie) “exhaustion threshold” (n = 32), (7) (tie) “deprivation/satiation” (n = 32), and (10) “barriers for movement” (n = 31).



Super higher-order theme (SHOT) identification

From the 43 HOTs, super higher order themes (SHOTs) were created. Analyst 1 sorted the 43 themes in 10 clusters, which included: (1) Stable change / biorhythms, (2) Factors affecting change in motivation states, (3) Processes of control, (4) Impulse control/Impulsivity, (5) Objective-oriented, (6) Moderators, (7) Sensations, (8) Strength of motivation states, (9) Theoretical postulations, and (10) Stress factors. Analyst 2 sorted the HOTs into three SHOTs: (1) Theoretical support, (2) Behavioral processes, and (3) Stress. Through a process of consensus, six were designated: (1) “People experience movement urges”, (2) “Change”, (3) “Autonomy”, (4) “Objective-orientation”, (5) “Moderators”, and (6) “Stress effects”. These were then presented collectively at an international conference (see Acknowledgements), and feedback was garnered.

We then decided to present the themes as dualities based on the contrasting ideas of: (1) “propelling vs. restraining” forces, (2) “automaticity vs. deliberation” in the Affective-Reflective Theory of Physical Inactivity (14), and (3) “reflective vs. appetitive” desires (12, 18). However, to be consistent with the WANT Model (17, 20, 24), we decided to present these dualities as additive (“and”) and not necessarily as a conflicting binary (“vs.”). This was also done to emphasize the potential for an adaptive and flexible behavioral repertoire (47), as with the WANT Model (i.e., which includes move and rest, and not move vs. rest), where combinations of desires can lead to more diverse behavioral outcomes (47). The final SHOTs were: (1) Want—and do not want (diswants), (2) Change and stability, (3) Autonomy and automaticity, (4) Objectives and impulses, (5) Restraining and propelling forces, and (6) Stress and boredom. Each SHOT is explained in detail below. See Figure 2.
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FIGURE 2
Final model of the 43 higher order themes (HOTs) categorized into six super higher order themes (SHOTs).




SHOT 1—Wants and diswants (aversions)

All of the higher order themes in this SHOT related to affectively-charged motivation states and their characteristics. Thus, the SHOT was called “Wants and diswants”. This SHOT encompassed six higher order themes: (1) sensations/stimulation (i.e., people subjectively feel wants to move and rest), (2) theoretical support for ACMS and the WANT model, (3) tension strength of motivation states, (4) aversions/dread for movement and rest, (5) intrinsic motivation, and (6) thresholds differentiating ACMS. Supplementary Table S1 contains the HOTs, exemplar LOTs, and quotes for the “Wants and diswants” super higher order theme.



SHOT 2—Change and stability

The higher order themes in this SHOT all related to factors changing or remaining stable over time, which invokes concepts of biorhythms and regulated change, and perhaps similar to homeostasis and allostasis (48). This SHOT had seven higher order themes: (1) cycles and variation, (2) homeostasis, (3) inertia and momentum, (4) balance of movement and rest, (5) habits and routine, (6) traits and (7) aging and the life course. Supplementary Table S2 contains the HOTs, exemplar LOTs, and quotes for the “Change and stability” super higher order theme.



SHOT 3—Autonomy and automaticity

With close inspection of the HOTs, it was determined to call this SHOT “Autonomy and automaticity”, in respect to processes of control and higher-order cognitive processes, such as decision-making. Both HOTs and LOTs in this theme appear to point to many user-generated decisions—or at the very least—the inability to make decisions (49). In other words, some processes have a locus of control generated consciously by the self, while others are generated more unconsciously. Considering the framework of Self-Determination Theory (44, 50), the notion of autonomy is a feeling that one has choice and is willingly endorsing one's own behavior (49). Autonomy here makes sense as individuals might think about actions (e.g., cognitive processes), regulate behavior (e.g., energy management), and must overcome urges in order to produce a desired behavior (e.g., temptation vs. will power). When looking through this lens, autonomy appears as the concept that encompasses all of these lower order themes. In regard to those decisions that appear to be not consciously generated, the idea of automaticity applies from Affective-Reflective Theory (14). Recent work suggests that automaticity and autonomy interact to produce stronger physical activity behaviors (51). This SHOT had seven higher order themes: (1) automatic processes, (2) cognitive processes, (3) behavioral regulation, (4) anticipation/energy management, (5) cues/triggers/feedback, (6) willpower/self-control, and (7) consummation/behavioral enactment. Supplementary Table S3 contains the HOTs, exemplar LOTs, and quotes for the “Autonomy and automaticity” super higher order theme.



SHOT 4—Objectives and impulses

This SHOT was named “objectives and impulses” to reflect that some desires are rational while others are appetitive, which is in line with the theory of desires from Davis (12, 18). Examining the lower and higher order themes of this SHOT, and the quotes associated with them, it was apparent that the respondents were trying to reconcile commitments against impulses to accomplish competing objectives. This would entail setting and working toward goals, in concert or in conflict with thinking about what one has to do, needs to do, should do, or must do based on the desired end result. Taken together, this reads as an objective-oriented mindset contrasting against an impulsive mindset, where one is actively working towards a desired outcome. This SHOT had seven higher order themes: (1) goals, (2) drive, (3) have to/need to/should/must, (4) instrumental demands, (5) conflict, (6) secondary desires, and (7) temptation. Supplementary Table S4 contains the HOTs, exemplar LOTs, and quotes for the “Objectives and impulses” super higher order theme.



SHOT 5—Propelling and restraining forces

Respondents indicated that there were several factors that modified or moderated their experience of motivation states to affect activity and sedentary behaviors. Thus, it was decided to name this “Propelling and restraining forces”, in alignment with Affective-Reflective Theory (ART) of physical inactivity and exercise (14). This SHOT had eight higher order themes: (1) facilitators of movement, (2) deprivation / satiation, (3) barriers for movement, (4) social influences, (5) conditions, (6) liking (pleasure) / reinforcement (reward), (7) immersion, and (8) distraction. Supplementary Table S5 contains the HOTs, exemplar LOTs, and quotes for the “Propelling and restraining forces” super higher order theme.



SHOT 6—Stress and boredom

Respondents frequently noted that desires to move and rest were instigated by states of over- and under-stimulation—strain and monotony. This makes sense, as psychological stress states can have a strong effect on physically activity and sedentarism (52), both inhibiting and activating behavior, perhaps by affecting psychosomatic sensations (53). This SHOT encompassed eight higher order themes: (1) impinging life demands, (2) physical sensations, such as energy and fatigue, (3) stress, (4) exhaustion threshold, (5) monotony and boredom, (6) emotional regulation, (7) mood and emotion, and (8) dysfunction and dysregulation. Supplementary Table S6 contains the HOTs, exemplar LOTs, and quotes for the “Stress and boredom” super higher order theme.





Discussion

This is the first mixed-methods (qualitative and quantitative) study to provide evidence that individuals experience appetitive and reflective wants (or desires) to move and rest; that these states change rapidly, and are highly influenced by a number of ever-changing factors, such as the daily experience of stress (52). Interviews with 17 college honors students revealed that they subjectively felt affectively-charged motivation states (ACMS) to move and rest both in recent weeks and in the present moment. They also provided evidence for other postulates of the WANT model, such as not wanting to move or rest at all, or rather, actively avoiding certain behaviors. In a few cases, respondents provided contrasting perspectives that contradicted expectations. For instance, some respondents expressed some doubt that they had any desire to move, or that there were any differences between various motivation states, such as the desire to move vs. an urge to move. Importantly, some evidence, though not extensive, supported the idea that motivation states to move and rest spur actual activity behaviors in a time frame proximal to the experience of the subjective desire. To understand how motivation states might impact behavior, we conducted an inductive content analysis of the interviews. Forty-three higher order themes were found, which we separated into six super-higher order themes, such as “Objectives and impulses”, “Propelling and restraining forces” and “Stress and boredom”. The study also provided further validation of the CRAVE scale, which was recently developed to measure motivation states (24, 26). As measured with this instrument, there were changes in ACMS from pre- to post-interview with moderate effect sizes (0.76 and 0.50, for move and rest, respectively). Overall, there was an abundance of support, but also some minor conflicting evidence, for the concept of affectively-charged motivation states for physical activity and sedentarism and their influence on subsequent behaviors.


Evidence of affectively-charged motivation states—quantitative and qualitative deductive analyses

The major priority of this study was to determine if a group of respondents would qualitatively support or negate the idea of feeling motivated, in the present moment, to move, be active and exercise. This has come into focus given a preponderance of opinion, and some empirical data, that humans prefer to be sedentary, or may not have any experience of desiring or wanting movement (35, 36). While there is a strong rationale that humans do want to move (17) and initial quantitative data exists to support it (24), we were interested in opinions from interviewees and their expressions of desire (or lack thereof) in their own words. As it happened, participants largely corroborated the concept of motivation states, but they also presented unique perspectives. Participants stated that they did subjectively experience desires to move and rest, including at the time of the interview, which sometimes differed from desires experienced over the past week. Moreover, these states were volatile, rapidly dissipating or succumbing to other desires. They also described a total absence of desire, often during flow states, or even aversion to movement and rest; in other words, actively avoiding these behaviors. Desires were sometimes described as being consummatory (e.g., as in feeling an urge to exercise that instigates actions to go work out at the gym), which in turn often resulted in satiation—a fulfillment of desire leading to a drop in the motivation state and subsequent cessation of activity. Of note, strong urges and cravings for movement, typically from conditions of deprivation (e.g., sudden, abnormal, and/or prolonged decreases in exercise) were associated with physical and mental manifestations, such as leg stiffening, fidgeting, and feelings of being antsy, jittery, and restless. Urges for rest and sleep featured prominently as well, and some respondents even expressed having extreme cravings for rest.

While qualitative data addressed the experience of motivation states, quantitative data mainly demonstrated variance in those states. As hypothesized, motivation states, as assessed with the CRAVE scale, changed significantly over the course of the focus groups. We observed that the desire to move increased pre- to post-interview, and the desire to rest decreased, which agrees with data previously collected from a study that saw similar trends over three time points throughout an educational seminar (24). Some participants described the experience of motivation states as something novel and unimaginable beforehand, but now that it was in their conscious awareness, it had some concreteness and veracity. The notion that we may or not be aware of our desires and impulses has been discussed extensively (30, 31), and the idea of arousing awareness for movement impulses was famously demonstrated by Benjamin Libet (54) in his studies on free will. Having satisfactorily analyzed the interviews for deductive evidence of motivation states, we turned to analyze the data from an inductive perspective, creating hierarchical themes to understand how motivation states operate within a larger regulatory scheme. The first super higher-order theme, “wants and diswants (aversions)” was mostly constituted from the deductive information generated above.



Qualitative inductive analysis

Do motivation states matter in the control of behavior, and if so, how? Desires and urges for movement and rest are ostensibly antecedents to and consequences of behavior, but how they operate within behavioral systems is unknown. Super higher-order themes two through five commonly related to ideas of behavior regulation, comprising the categories of: SHOT 2) Change and stability, SHOT 3) Autonomy and automaticity, SHOT 4) Objectives and impulses, and SHOT 5) Restraining and propelling forces. In regard to the SHOT on change and stability, participants widely reported diurnal, weekly, and seasonal variation in desires for movement and rest. A plethora of data exists in the area of circadian rhythms (26), supporting the notion that pertinent hormones (e.g., cortisol) (55), neural peptides (e.g., hypocretin-1 / orexin A) (56), psychological factors (e.g., perceptions of energy and fatigue), and other attributes vary cyclically over the course of a day, month, year, or longer (23). Another theme emerging from this SHOT was that of behavioral and motivational momentum and inertia (e.g., being “in a rut” or “stuck”) (15), perhaps similar to the ideas of affective inertia or stickiness (57), which are associated with symptoms of depression and/or attention disorders (58). This is intriguing as one might speculate that motivational inertia serves as another indicator of psychological dysfunction. On the other hand, the feeling of inertia may be a key difference between types of ACMS, with cravings and urges having more motivational pull against inertia. Clearly though, sometimes inertia is less pernicious and simply due to forces of habit and environmental demands. Participants indicated that habit drove their behavior without awareness of a desire for movement, attesting to the power of habits (59, 60). Another force (perhaps equally strong to habit) indicated by respondents was provided by movement's instrumental or utilitarian value. In short, despite technological advances, people still have some tasks that can only be accomplished through bodily movement, and motivation states match those situational demands through a process Brehm and Self (29) call motivational arousal.

These concepts segue easily into SHOT 3 (Autonomy and automaticity), and of these two contrasting perspectives, perhaps automatic processes of regulation were most frequently described by participants; they did represent the greatest number of lower-order themes in this SHOT. Central to automatic processes are the related ideas of randomness and spontaneity, which recently have been highlighted in motivation research but are rarely accounted for in analyses (61); “Motivation arrives as opposed to being planned” (61), suggesting a non-linear path of motivation. Participants were clear that a variety of external variables, such as cues, were antecedents of movement and rest, perhaps accounting for some of this variability (15). Finally, the theme of automaticity is also consistent with terminology used in the social psychology work on conscious vs. nonconscious processing and decision-making. Hallmark research from Bargh (62) resulted in the adoption of automaticity vs. control to refer to non-conscious and conscious processes. In the current case, autonomy and control are parallel in that they refer to conscious, volitional processes.

In line with the Affective—Reflective Theory of Physical Inactivity and Exercise (14), participants also described, though less frequently, deliberative processes, such as decision making, planning, energy management, and prioritization of rest and exercise. Motivation states are key mediators in adaptive planning (47). As seen in SHOT 4, participants described desire changing in the context of conflict, which existed between competing desires as well as between desires and goals. Participants expressed these as contrasts between “want to”, “have to”, “should”, “need to”, and their converses (“don't want to”, “shouldn't”, etc.), many or most of which interacted with goals, intentions, and other cognitive factors to spur change (17, 63–65). Saunders and colleagues (66) found that, on average, 60% of participants' desires conflicted with at least one goal. The interplay between these forces was often influenced by willpower (resistance), self-control, or harmonization of desires—to result in behavioral enactment or avoidance. Greater resistance or willpower applied immediately in the moment of temptation results in less enactment of unproductive desires (66, 67). While a lack of willpower might be the key factor in some situations, in others it might more simply be a lack of opportunity (e.g., situational constraints) to move or be sedentary in the moment of experiencing desire. Sometimes respondents indicated that desires were managed, manipulated, or ignored, but frequently urges and cravings were strong enough to hijack attention and thoughts, consuming physical and mental resources to the point of not being able to overcome them—ostensibly resulting in rapid behavior (63, 68). On the other hand, as laid out in SHOT 5, there were a variety of barriers blocking consummation of the desire to move, such as injury, exhaustion, and responsibilities. There were also a variety of conditions (e.g., having free time for leisure, being in proximity to a gym or nature) and social factors facilitating desires—leading to opportunities to act on the impulse (11, 49, 69). Taken together, motivation states appear to play a prominent role in behavioral processes. More specifically, they seem to relate clearly to the concept of self-regulation, which is defined as “any effort to actively control behavior by inhibiting dominant and automatic behaviors, urges, emotions, or desires, and replacing those with goal-directed responses” (70, 71).



Stress and boredom

Psychological stress, both subjective and objective, emerged as a major theme, and participants frequently cited facets of stress as abating and/or instigating motivation states to move (e.g., “Stress makes me want to move.”) and rest (e.g., “My desire to rest is normally about stress.”). Stressful emotions (e.g., “freaking out”, being overwhelmed), life stressors (e.g., transition to college, COVID-19, family death), demands (e.g., schoolwork, sports training), daily hassles, and work/rest imbalance were all regarded as influential in either activating or inhibiting motivation and related behavior. Several participants stated that they utilized exercise as a method to cope and regulate emotions, which may explain why some people move more in the face of stress. All of these observations fall in line with a classic systematic review that found that psychological stress was associated with inhibited physically active behaviors in 86% of higher-quality studies, but 18% of prospective studies found that it was associated with activated movement as well (52). Investigations including sophisticated analyses have demonstrated that the effects of negative affect on physical activity are stronger than the opposite direction (72, 73). Stults-Kolehmainen, Blacutt & Filgueiras (74) found that individuals reporting very high levels of stress reported either no exercise at all, or alternatively, very high levels of exercise (e.g., working out 6 days a week). Despite facing extraordinary stressors, some athletes are able to self-regulate to maintain effortful behaviors by focusing on goals, the so-called “self-regulatory efficacy” (75), resulting in a null effect of stress.

Back to the current data, excitement and eustress typically were related to an increased drive to move (21), but so was a lack of stress and under-stimulation—feelings of boredom and monotony. Interestingly, stress also resulted in feelings of numbness or being frozen, in other words, not wanting to move or rest at all, which is in accordance with postulates of the WANT model (17). One unique observation was that not being able to satisfy or consummate an urge or craving to move or rest sometimes resulted in the experience of stress, frustration, and agitation, indicating possible bidirectional effects (e.g., “I couldn't satisfy the urge to move and get stuff done, and that was very stressful”). Overall, it appears that stress and emotion interact with motivation states (e.g., desire, urge, craving) to move and rest in a highly complicated manner to influence behavior (76). Unfortunately, at the current time there is a lack of a clear model to explain stress and motivation interactions—whether motivation mediates and/or moderates the effects of stress on physical activity.

Aside from psychological stress, other mental health and psychological considerations had sway over motivation states. For instance, psychosomatic sensations, such as tiredness, pain, and soreness all had a clear impact on desires to move and rest, with aversive sensations typically extinguishing the desire to move and propelling desires to be sedentary. Both good and poor moods were commonly cited as influencing desires to move, be productive, and rest. Although unprompted, some respondents openly commented that they had various mental health conditions, such as anxiety, ADHD, bipolar disorder, and body image problems. These respondents spoke about episodes of impaired activity—being “in a rut”, feeling “stuck” or, conversely, being hyperactive and feeling manic (77). However, no participant discussed depression and trauma. Those with PTSD, for instance, sometimes complain of being “frozen” and unable to move and be productive (78), while those with panic attack and agoraphobia suffer from “fear responses to acute threat with the urge for active avoidance/escape” (79). Stults-Kolehmainen and colleagues have discussed aspects of motivation states as they appear in psychological disorders, including: anorexia nervosa, muscle dysmorphia, akathisia, restless legs syndrome, and others (20). Until recently, these sensations appeared to be obscure and idiopathic symptoms, but recently NIMH has classified these in the sensorimotor domain under the construct “motor actions” (sub-construct: “sensorimotor dynamics”) (80), which seems to validate the notion that ACMS might have a place in mental health and pathology. Unfortunately, this study included a sample that was too small to explore any of these ideas, and we did not include any physical or mental health measures in this study.



Limitations

The results of the current investigation must be interpreted with some caution due to several limiting factors. First, the number of participants was small and homogeneous; the group was composed mostly of young, female, undergraduate honors students. Previous studies have found no differences between genders for motivation states (24), so lack of variability in gender may not be an issue, but we have observed differences by age (24). Older individuals have a much wider range of life experiences and are subject to the effects of both primary and secondary physical aging (81). Consequently, it seems likely that older adults will experience motivation states for movement differently and will probably have a greater desire for rest. Comments from our respondents could also reflect a specific motivational climate, culture, and education around movement and rest that might be tied to this population of high achieving college students (49, 69, 82). Indeed, our previous work also demonstrates that adults of different age groups have different motives for exercise (10). Motivation states also vary by exercise stage-of-change, a proxy for physical activity behavior (24). The fitness and physical activity levels of the sample were not measured, but based on their extensive comments, it is certain that this group was a healthy, active, and high functioning sample. This is important, as for some people, there are likely trait manifestations of wanting to move and rest.

Regardless of these influential factors, the interviews generated over 400 lower-ordered themes, indicating that even though the participant number was low, the interviews were very productive. Also, despite the low n, we observed changes in CRAVE scores across the focus groups, indicating increased desires to move. There was no control group, therefore, we don't know if changes in CRAVE (“right now”) were due to: (1) increased awareness of normally unconscious desires, resulting from talking about physical activity and rest behaviors (54), (2) the effects of behavioral priming, which Bargh demonstrated clearly impacts physical activity (62), because participants felt “cooped up” during the interview, (3) anticipation of leaving the venue for their next daily task, (4) demands effects, (5) reactivity to the CRAVE scale, or (6) some other unknown factor. The first point might be discounted as we did not observe concomitant increases in the desire to rest (“right now”), even though it was also widely discussed. On the contrary, it was diminished. Furthermore, we found similar results in Study 4 from Stults-Kolehmainen et al. (24), which observed a lecture period when the topics of physical activity and rest were not specifically discussed. Future studies will need to untangle these effects with better experimentation.



Future research

Future research could attempt to make the necessary methodological advances noted above, or it could go in alternative directions to address other issues, which are roughly divided into four research questions.


Are people naturally lazy?

While the current study provided both quantitative and qualitative evidence that desires to move and rest are subjectively felt in conscious awareness, and most aspects of the WANT model were supported, we were not able to adequately address the idea of which desire (physical activity or sedentarism) is predominant in this group of respondents, nor in the larger scope of human behavior. However, our quantitative data found that the desire to move was greater than the desire to rest at every time point. This is consistent with our previous investigations, where desire to move was consistently rated higher than desire to rest in quantitative analysis (24). It is also congruent with the idea that, “The human body is built for physical activity, not rest” (83), implying that humans have both a natural need and inherent drive to move [discussed extensively by Stults-Kolehmainen et al. (17, 21)]. However, we did not specifically ask our interviewees questions to directly compare desires, such as, “Which desire do you feel more often?” or “Which desire is stronger for you typically and right now?” Various researchers have suggested that humans are naturally inclined to rest and thus conserve energy; therefore, they likely have greater desire to be sedentary, are typically lazy, and only move when necessary (12, 29, 35–37, 84). The ideas of laziness and productivity did feature among respondents in these focus groups, with laziness generally being viewed as the opposite of productivity, and desires to rest and move associated with those tendencies (e.g., “I feel urged to move and get stuff done.”). Future research should address whether the feeling of laziness is simply: 1) a lack of a desire to move (regardless of the desire to rest), 2) a combination of low desire to move and high desire to rest, or 3) a low desire to move and a high desire to rest but felt in the shroud of “should” move.



How do “shoulds” and “want to's” interact?

Following from above, a person may feel and/or think that they “should” be moving, and they “should” be productive, but they do not have the subjective and appetitive feeling of wanting to move and be productive. Future studies should address the ideas of “should” and “have to” in relation to reflective and appetitive “want to”—developing better instruments and theories to connect these related constructs. More practically, future studies might investigate how to create exercise routines that are more enjoyable, less compelled by “shoulds”, or help people to move more mindfully—paying attention to desires and/or embracing desires to move and rest in balance, as with mindful walking or martial arts (85, 86). These might be conducted as part of just-in-time adaptive interventions (JITAI) (87), which attempt to gauge and take advantage of motivation states (i.e., “CRAVE moments”), but at this time no studies have sufficiently incorporated this idea (88)—as none have used a valid measure, such as the single-item CRAVE scale (24, 27).



How can the WANT model be improved?

Future research should also focus on updating and revising the WANT model (17), which was created because of apparent theoretical deficits and the inability of existing theories to adequately explain the motivation states phenomena we have observed, but still falls sort of its intended goal. In short, the WANT model is a heuristic to understand how desires might vary in strength, approach, and how they interact with each other. This effort is concordant with the NIMH Research Domain Initiative Criteria, which seeks to understand elements of psychological phenomena, such as urges and motor sensations (80). The current data provide evidence that facets of the WANT model (e.g., that desires may be oriented to approach or avoidance, are impacted by previous behaviors, etc.) are valid. However, the model as a whole lacks extensive quantitative validation, mainly because there are no measurement tools available to assess aversions (i.e., diswants) to move and rest. Until this measure exists, adequate validation of the dual-axis structure of desires for movement and rest (and thus four quadrants) is not feasible. The WANT model could be further explicated by considering how ACMS to move and rest fluctuate in tandem with other internal and external states (e.g., stress, satiety, deprivation, hunger, and fatigue), emotion, and other influences that vary by the situation and context. For example, a revised WANT model might incorporate exogenous stimuli known to influence desires to move, such as music, light, and other environmental factors identified by participants in these focus groups. Insights generated from qualitative data, as in the current study, is pertinent for the advancement of model, theory, and intervention development in the areas of physical activity and sedentary behavior, as has been delineated by Bonell (40).



What other theories offer insight into motivation states for movement and sedentarism?

The WANT model is not a predictive model; therefore, frameworks predictive of physical activity and sedentarism, such as dual-process theories (14, 15), or models of affective response (16) may be better suited to explain these phenomena. Alternatively, new research frameworks may be needed. Dissimilar from theories mentioned above, the Elaborated Process Model of self-regulation (33) focuses on the idea of depletion and how it moderates motivation. It asserts that people switch from move to rest (and from “have-to” to “want-to”) systems and back again as they become depleted in each system. Importantly, depletion is associated with fatigue, boredom, and negative emotions, which propels the individual to avoid exploitation types of tasks (i.e., work) and approach exploration types of tasks (e.g., watching video clips or television) or vice versa. While the switch is ostensibly prompted by fatigue, it may also be triggered by a (perhaps unconscious) cost/benefit analysis, stoking desires for rewarding stimuli and causing changes in attention, salience, and emotion. From an evolutionary aspect, such fatigue-induced switching is highly utilitarian and adaptive as it: (A) prevents excessive focus on any one single desire, for instance, in the dysfunctional cases of punding (89), and (B) it also protects the human organism from overexertion and collapse (90, 91). However, the theory also postulates that to promote the continuation of valued behaviors, fatigue can be better tolerated and made less aversive with the provision of extra reward, distractions, affirming values, prayer, or other strategies (33), all of which may be relevant in the promotion of physically active behaviors. Other models of depletion and satiation, such as the exercise satiation model (92), should be studied for ideas to expand and/or modify existing frameworks—together with Self-determination Theory (44, 50) and the Theory of Effort Minimization in Physical Activity (36).

Finally, future research should investigate whether people act on their desires to move and rest when these are experienced in the moment of tension. This may be studied in a naturalistic setting (93) or in a laboratory environment where such desires are instigated.





Conclusion

Both quantitative and qualitative data support the notion that humans experience subjective feelings of wanting or desiring to move their bodies, be physically active and/or exercise, which we call affectively-charged motivation states (ACMS). Sometimes, these actionable feelings were described as strong, engrossing or even irresistible, as in an urge or craving to get up and walk around or engage in a workout or training session. Respondents clearly indicated having experiences of desire or craving to rest, sleep, and engage in sedentary behaviors, and frequently these collided with ambitions to move or be productive. How interviewees described their subjective states largely fell in line with postulates of the WANT model (17), which describes how desires, wants, urges, and cravings to move, be active and rest operate loosely and asynchronously. Motivation states to move and be sedentary varied by numerous factors, which we divided into six super higher-order themes. Perhaps the most prominent of these was the theme centered on stress. Indeed, the experience of stress frequently stymied desires to move and be active, though sometimes it had the opposite effect. Stress also stoked desires to rest and be sedentary, though again, sometimes it also diminished those. Quantitative data revealed that, across focus groups, desires to move increased, and desires to rest trended to decrease, which participants corroborated when specifically asked about perceived changes in motivation states. The overarching picture that emerged from this investigation is that motivation states (e.g., desires, wants, urges, and cravings) likely play a prominent role in behavioral processes, interacting with other factors (e.g., stress, habit) to drive movement and sedentary activities. Such information may lead to better theories and, down the road, adaptive interventions to promote physical activity.
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Objective: This study explored the relationship between college students’ physical activity motivation and exercise behavior and constructed a chain mediation model through the mediating roles of exercise climate and exercise self-efficacy.

Methods: By random sampling, 1,032 college students were investigated using the Exercise Motivation Scale, Physical Exercise Rating Scale, Exercise Climate Scale, and Exercise Self-Efficacy Scale.

Results: (1) There was a huge positive correlation between exercise motivation and exercise behavior (r = 0.240, p < 0.01), and the immediate ways of linking exercise motivation to exercise behavior were critical (β = 0.068, t = 0.040, p < 0.01). (2) Exercise motivation could positively predict exercise climate (β = 0.373, t = 0.061, p < 0.01) and exercise self-efficacy (β = 0.174, t = 0.039, p < 0.01), and exercise climate could emphatically foresee exercise behavior (β = 0.302, t = 0.051, p < 0.01). Exercise self-efficacy could foresee exercise behavior decidedly (β = 0.190, t = 0.048, p < 0.01). (3) Exercise climate and exercise self-efficacy play a critical intervening role between exercise motivation and exercise behavior. The intercession impact is explicitly made out of aberrant impacts created in three ways: exercise motivation → exercise climate → exercise behavior (mediating effect value: 0.113); exercise motivation → exercise self-efficacy → exercise behavior (mediating effect value: 0.033); exercise motivation → exercise climate → exercise self-efficacy → exercise behavior (mediating effect value: 0.027).

Conclusion: (1) Exercise climate, exercise self-efficacy, and exercise behavior can all be significantly predicted by exercise motivation, suggesting that exercise motivation may help to enhance these variables. (2) In addition to having a direct impact on exercise behavior, exercise motivation can also have an indirect impact through the separate mediating effects of exercise climate and exercise self-efficacy as well as the chain mediating effect of exercise climate and exercise self-efficacy, which is crucial for encouraging college students to engage in physical activity.

KEYWORDS
 exercise motivation, exercise behavior, exercise atmosphere, exercise self-efficacy, college students


Introduction

A national strategy to advance the creation of a healthy China and enhance population health is outlined in the Healthy China 2030 Plan. It is a major measure to protect people’s health. College students will be the main force in building China in the coming decades, and their health will be widely concerned by the outside world. The eighth national survey on students’ physical health was conducted, and the results were published by the Ministry of Education in September 2021: from 2014 to 2019, the physical health of all college, middle school, and primary school students has significantly improved. Among them, the excellent and very good rate of junior high school students increased significantly by 5.1%, that of high school students by 1.8%, and that of college students by only 0.2 percentage points, indicating virtually no growth (Department of Physical Health and Arts Education Ministry of Education, 2021). A large number of studies have found that it has become an indisputable fact that the physical fitness of contemporary college students has been declining year by year. The most direct reason for the physical fitness decline of college students is the general lack of physical exercise (Yu et al., 2021). Exercise behavior refers to physical activities with a certain intensity, frequency, and duration that are carried out in leisure time with the main purpose of promoting individual health (Yan et al., 2020). Studies have found that moderate physical exercise plays a positive role in promoting human health development, such as reducing the risk of chronic diseases and improving individual mood (Jiang et al., 2017; Meng and Shen, 2018). However, college students participate in physical exercise activities with stages and instability; exercise behavior will increase when there is a physical fitness test task and stop when there is no physical fitness test task. During the period of heavy learning tasks and final exams, exercise will be stopped. After this period, exercise behavior will increase again (Tian et al., 2018). A study of university postgraduates found that their health condition was worse than that of undergraduates. The reason was that postgraduates did not participate in physical exercise seriously enough, with fewer times, shorter times, and less intensity (Liu, 2020b). The physical health of college students has continued to deteriorate.


Exercise motivation and exercise behavior

The term “motivation” refers to the psychological or emotional force that propels a person to engage in certain behaviors, while exercise motivation is the internal driving force and psychological motivation that drives an individual to engage in physical exercise, which determines the purpose, intensity, frequency, and effect of an individual’s participation in physical exercise and is the direct cause of exercise behavior (Xu, 2020). Self-Determination Theory (SDT) holds that individual behavior can be divided into self-determined behavior and non-self-determined behavior, and the two behaviors are driven by three modes of motivation. Self-determined behaviors are driven by internal motivations, while non-self-determined behaviors are driven by external and unmotivated motivations (Jacobs, 2000). This theory holds that when individual exercise behavior is driven by internal motivation, it is conducive to the formation of good exercise habits. Liu (2010) found that college students’ exercise motivation was related to exercise time, exercise intensity, and exercise behavior to some extent. In this manner, there was a huge relationship between exercise motivation and exercise behavior. Wei et al. (2020) discovered in a review of the elderly that the fulfillment of basic mental necessities could well predict the exercise behavior of the elderly via the intermediary factor of self-assurance and inspiration. Besides, investigations have discovered that exercise motivation straightforwardly advances and decidedly predicts exercise behavior (Yang et al., 2015). In light of this, hypothesis 1 is advanced: exercise motivation can definitely predict exercise behavior.



The mediating role of exercise climate

According to SDT and the hierarchy of motivation theory, the process of internalizing individual motivation is influenced by external environmental factors, so climate may play an important role in exercise motivation and exercise behavior. The achievement goal theory suggests that an individual’s motivation is derived from goal orientation or task orientation, so scholar Ames has introduced the concept of “motivational climate” as an antecedent variable for internalizing motivation based on the achievement goal theory. There is also a common climate called “exercise climate,” and the concept of exercise climate refers to the exercise environment created by the surrounding people and the exercise information available to the exercise participants. Both motivational and exercise climates are different kinds of climates, and exercise climates, as typical representatives of external environmental factors, have an important impact on university students’ physical activity (Wang, 2017). Studies have proven that the exercise environment is one of the most important factors in encouraging college students to actively and independently engage in physical exercise activities (Hu et al., 2020). A good exercise climate is of great significance for improving college students’ exercise behaviors. A natural atmosphere, such as a good field and first-class equipment during exercise, can attract college students to frequent physical exercise, stimulate their interest and enthusiasm to participate in physical exercise, and gradually guide and increase their exercise behavior (Yang, 2016). Therefore, exercise climate may play an important role in predicting college students’ exercise behavior.

According to research, physical exercise motivation has an effect on the exercise environment, which may have a predictive effect (Hu and Wei, 2005). Li and Yang (2016) investigated square dancing groups and found that both motivation and exercise climate had an impact on exercise persistence. At the same time, physical exercise motivation influences the exercise environment. Therefore, exercise motivation may play an important role in predicting the exercise climate. In conclusion, exercise motivation may be closely related to exercise climate, and exercise behavior can be further predicted by exercise climate. As a result, it is suggested that exercise climate acts as a mediator between exercise motivation and exercise behavior in this study’s second hypothesis.



The mediating role of exercise self-efficacy

Exercise self-efficacy may likewise assume a significant role in the connection between exercise motivation and exercise behavior. As indicated by the Environmental Model of Active Work (EMAW), mental variables are viewed as another significant component influencing exercise behavior. Exercise self-efficacy is the mental element variable most firmly connected with exercise behavior (Sallis et al., 1992). Exercise self-efficacy alludes to the mental capacity of a person to accept that they can finish the laid-out objectives and errands of physical exercise. It is an important concept in the cognitive theory of exercise and can directly affect the level of exercise behavior. Exercise self-efficacy can regulate personal emotions in physical exercise so that individuals can reasonably control negative emotions and deal with problems with a positive attitude when faced with difficulties in exercise (Dong et al., 2018). Investigations have discovered that the more grounded the exercise self-efficacy of people, the more effectively they are taking part in practice ways of behaving, and the recurrence, force, and season of activity will expand (Guo et al., 2010). Likewise, a review demonstrates the way that dynamic cooperation in actual activity can precisely predict the self-efficacy of center school understudies and cause them to keep a hopeful and bright mind-set, producing drive in exercise behavior (Yuan and Zhang, 2015). Subsequently, exercise self-efficacy might assume a significant role in predicting the exercise behavior of undergraduates.

The exploration observed that there is a critical positive connection between exercise motivation and self-efficacy, and exercise motivation can definitely influence the certainty of undergrads who take part in working out (Cheng and Xu, 2016). Dong et al. (2020) found that exercise self-efficacy meaningfully affected teenagers’ cooperation in exercising. Generally speaking, individuals with high exercise motivation will have a better sense of exercise self-efficacy and thus form more active exercise behaviors. The reason is that people with strong exercise motivation often dare to face difficulties and setbacks in physical exercise and show a strong sense of self-efficacy. Those who are less motivated to exercise will avoid challenges. Therefore, exercise motivation may be an important predictor of exercise self-efficacy. In conclusion, exercise motivation may be closely related to exercise self-efficacy, and exercise self-efficacy can further predict exercise behavior. Based on this, hypothesis 3 of this study is proposed: exercise self-efficacy plays a mediating role between exercise motivation and exercise behavior.



The chain mediated role of exercise climate and exercise self-efficacy

The behavioral ecological model of exercise puts forward the theory that environmental factors, physiological factors, and psychological factors will interact with each other and jointly affect individual exercise behavior (Yang et al., 2014). As an external factor of the environment, the exercise climate provides a decision-making basis and driving effect for individuals to decide whether to do physical exercise. Exercise self-efficacy, as an internal factor of psychological factors, provides support for whether individuals choose physical exercise or whether they can persist when encountering difficulties in physical exercise. Dong et al. (2022) found that the interpersonal circle of individuals who share the same interest in exercise will gradually form a good exercise climate, making individuals feel the pleasure brought by exercise and thus improving the self-efficacy of exercise. Different examinations have found that the exercise climate meaningfully affects understudies’ exercise self-efficacy, and the relational association, normal association, and data obtained in the exercise climate all assume a significant part in understudies’ exercise self-efficacy. Undergrads practice in a decent exercise climate; they practice together, empower, progress, and become together; continuously, actual activity will create serious areas of strength for a person to work out, extraordinarily preparing the excitement of understudies to partake in actual activity. Exercise will likewise build your identity’s viability. Hence, hypothesis 4 of this study is proposed: exercise climate and exercise self-efficacy play an intervening role between exercise motivation and exercise behavior.

To summarize, to examine the interior component between exercise motivation and exercise behavior, this study means to fabricate a chain intervention model (as displayed in Figure 1) and check the accompanying perspectives: (1) exercise motivation fundamentally and emphatically predicts exercise behavior of understudies; (2) exercise climate plays a free interceding job between exercise motivation and exercise behavior of understudies; (3) exercise self-efficacy plays an autonomous intervening job between exercise motivation and exercise behavior of understudies; and (4) exercise climate and exercise self-efficacy play a chain interceding job between exercise motivation and exercise behavior of understudies.

[image: Figure 1]

FIGURE 1
 Hypothetical model.





Materials and methods


Procedure and participants

A random sampling method was adopted to conduct a questionnaire survey among students from six colleges and universities in Anhui Province. Due to the impact of the epidemic, this survey used the platform of the Juanxing Network to issue electronic questionnaires. The purpose of the research is explained to the respondents in the questionnaire guidance, and they promise to keep the content they fill in strictly confidential. The questionnaire includes five parts: basic information filling, an exercise motivation scale, an exercise grade scale, an exercise climate scale, and an exercise self-efficacy scale. A total of 1,088 questionnaires were collected; 56 were excluded from regular answers and invalid questionnaires, and 1,032 were valid, with a recovery rate of 94.85%. Among them, 530 were boys and 502 were girls.



Measures and instruments


Exercise motivation

College students’ exercise motivation was measured using the Exercise Motivation Scale (MAM-R) simplified version, which Chen et al. (2013) amended. Research has shown that the scale is appropriate for assessing Chinese college students’ exercise motivation (Li and Li, 2020). The scale has 15 elements altogether and is broken down into five categories: fun motivation, ability motivation, appearance motivation, health motivation, and social motivation (e.g., “I want to have a strong body”). The Likert scale employs five points, from “strongly disagree” to “strongly agree,” for each response. The individuals were more inclined to exercise if their ratings were higher. The three exercise motivation scale items in this study converge on one factor with a KMO value of 0.93 and a Chi-square worth of 5654.78 (p < 0.01), representing 64.39% of the all-out difference (Table 1). The fitting file of the corroborative element examination was χ2/df = 4.082, CFI = 0.965, NFI = 0.954, GFI = 0.939, TLI = 0.942, and RMESA = 0.077, and the decency of fit was fundamentally better, demonstrating that the scale had great primary legitimacy (Table 2). In this review, Cronbach’s α was 0.95, showing great interior consistency of the scale.



TABLE 1 Exploratory factor analysis and internal consistency test results.
[image: Table1]



TABLE 2 Confirmatory factor analysis results.
[image: Table2]



Exercise climate

The Exercise Climate Scale was adapted from the Liu et al. (2011) outdoor exercise climate scale for teenagers, which has five components and 17 items in total. The scale uses Likert 5 points, from “not at all” to “extremely strong,” on a scale from 0 to 1. The workout atmosphere is felt more strongly the higher the score. Physical activity is substituted for key terms like “sports” and “outdoor sports” (e.g., “During the process of taking part in physical exercise, my friendship with my partners has been deepened”). Research has shown that this scale is appropriate for assessing how Chinese college students perceive the exercise climate (Dong et al., 2022). The 17 components on the exercise climate scale in this study well converged to one factor, whose KMO esteem was 0.86, and the Chi-square worth of the Bartlett round test was 6105.34 (p < 0.01), representing 77.21% of the absolute difference (Table 1). The fitting file of the corroborative component examination was χ2/df = 4.167, CFI = 0.965, NFI = 0.955, GFI = 0.940, TLI = 0.929, and RMESA = 0.078, and the decency of fit was fundamentally better, showing that the scale had great underlying legitimacy (Table 2). In this review, Cronbach’s α was 0.76, showing great inside consistency of the scale.



Exercise self-efficacy

The Exercise Self-Efficacy Scale developed by Wu et al. (2002) is designed to assess people’s propensity for attitude following exercise-contradicting circumstances. There are 12 items on the scale (e.g., “I will keep exercising even if I feel tired”) to “I’m sure I can do it” from “I cannot do it.” The level of exercising self-efficacy increases with score. A prior study demonstrated that Chinese college students can effectively use this measure (Dong et al., 2022). The 12 items on the exercise self-efficacy measure in this study converge nicely to one factor, accounting for 58.79% of the total variance with a KMO value of 0.93 and a Chi-square value of 4051.30 (p < 0.01) representing 58.79% of the complete difference (Table 1). The fitting list of the corroborative component examination was χ2/df = 3.748, CFI = 0.972, NFI = 0.962, GFI = 0.954, TLI = 0.955, and RMESA = 0.073. The decency of fit was altogether better, showing that the scale had great underlying legitimacy (Table 2). In this review, Cronbach’s α was 0.94, demonstrating the great internal consistency of the scale.



Exercise behavior

To assess the quantity of physical activity from three perspectives—intensity, time, and frequency—the Physical Activity Rating Scale (PARS-3) developed by Liang (1994) was used. Physical activity scores range from 0 to 100, with 100 being the highest possible score. The more points you receive, the more exercise you receive. For low exercise, the total score is 19 or less; for moderate exercise, it ranges from 20 to 42; and for vigorous exercise, it ranges from 43. This study divided the quantity of light physical activity into two categories: no physical activity and light exercise. No physical activity is equal to or less than 4 points, and a small workout ranges from 5 to 19. As a result, there were four categories of physical activity in this study, ranging from “no physical activity” to “a great deal of physical activity.” A prior study demonstrated that Chinese college students can effectively use this measure (Liu, 2020a). With a KMO value of 0.68 and a Chi-square value of 411.17 (p < 0.01), the three physical activity rating scale items in this study converge nicely to one factor, accounting for 68.44% of the total variance (Table 1). The scale exhibited strong structural validity, as evidenced by the confirmatory factor analysis’s fitting index, which was χ2/df = 3.792, CFI = 0.932, NFI = 0.911, GFI = 0.917, TLI = 0.925, and RMESA = 0.093 (Table 2). Cronbach’s α in this study was 0.77, indicating that the scale had acceptable internal consistency.



Processing of data

In this review, IBM SPSS 26.0 and AMOS 21.0 factual programming were utilized for all information examination. After the poll was gathered, all information was handled as follows: (1) Exploratory variable investigation was led for all scales utilizing SPSS 26.0; (2) Corroborative component examination was performed for all scales utilizing AMOS 21.0; (3) SPSS 26.0 was utilized to test the inner consistency of all scales; (4) “Harman single element strategy” was utilized for the normal technique deviation test; and (5) Pearson connection investigation with SPSS 26.0 was utilized to compute the connection between exercise motivation, exercise climate, exercise self-efficacy, and exercise behavior. The mean (M) and standard deviation (SD) of persistent factors with a typical dissemination were utilized. (6) The SPSS full-scale program ordered by Hayes in SPSS 26.0 was utilized to confirm the intervening job of exercise climate and exercise self-efficacy in the connection between exercise motivation and exercise behavior and the chain intervening job of exercise climate and exercise self-efficacy in the connection between exercise motivation and exercise behavior; (7) Model 6 in the SPSS full-scale program aggregated by Hayes was utilized for the chain intervention test. In this review, the significance level was set at p < 0.05.





Results


Common method bias test

The term “normal technique bias” refers to the erroneous covariation among indicator and rule factors caused by a similar information source or rater, a similar estimation climate, the venture setting, and the characteristics of the actual project. This fake correlation, which truly confounds the consequences of the review and possibly deceives the determinations, is a deliberate blunder. Since the information in this study was all gathered from surveys completed by subjects with emotional goals, there were a few strategic blunders. To stay away from such predispositions, the Harman single component examination was utilized to confirm whether the survey had explicit, normal systemic inclinations. An exploratory element investigation was performed on each of the 47 estimated scale questions. The outcomes showed that among the 8 elements with an eigenvalue more prominent than 1, the difference in translation pace of the primary variable was 29.68%, which was lower than the basic record of 40%. Subsequently, there was no normal technique predisposition in this study’s information.



Descriptive statistics and correlation analysis of variables

Table 3 presents the mean value, standard deviation, and correlation coefficient of variables in detail. It can be seen from the data in Table 3 that exercise motivation (r = 0.240, p < 0.01), exercise climate (r = 0.412, p < 0.01), and exercise self-efficacy (r = 0.336, p < 0.01) are significantly positively correlated with exercise behavior. Exercise motivation (r = 0.316, p < 0.01) and exercise climate (r = 0.444, p < 0.01) were positively correlated with exercise self-efficacy. Exercise motivation (r = 0.373, p < 0.01) was found to be positively related to exercise environment. The correlation analysis results provide preliminary support for the subsequent hypothesis testing.



TABLE 3 Means, standard deviations, and correlations among variables.
[image: Table3]



The mediation effect test between exercise climate and exercise self-efficacy

As per Wen Zhonglin and Ye Baojuan’s idea on the intervention impact test, the chain intercession impact model is tested (Wen and Ye, 2014), and the experimental outcomes are displayed in Table 4. As per the information in Table 4, exercise motivation can fundamentally and emphatically predict the exercise behavior of understudies, with a complete impact of 0.240 (p < 0.01) and an immediate impact of 0.068 (p < 0.01). In this manner, hypothesis 1 is substantial. At the point when exercise climate and exercise self-efficacy were remembered for the relapse condition, exercise motivation decidedly anticipated exercise climate (β = 0.373, p < 0.01) and exercise motivation (β = 0.174, p < 0.01). Exercise climate anticipated exercise self-efficacy (β = 0.380, p < 0.01) and exercise behavior (β = 0.302, p < 0.01). Exercise self-efficacy anticipated exercise behavior emphatically (β = 0.190, p < 0.01). Simultaneously, exercise motivation might in any case anticipate exercise behavior emphatically (β = 0.068, p < 0.01). It very well may be presumed that exercise climate and exercise self-efficacy play incompletely interfering roles between exercise motivation and exercise behavior, separately. Hypothesis 2 and 3 are upheld and confirmed by information.



TABLE 4 Analysis of regression relationship among variables.
[image: Table4]

The Bootstrap intercession test technique (Cole et al., 2008) was utilized to further test the intercession impact, and the Cycle module was utilized to fabricate an underlying condition model. Model 6 was chosen from the Cycle module to test the chain intervention impact of exercise climate and exercise self-efficacy. The experimental outcomes are displayed in Table 5. The certainty timespan trial of the intervening impact between exercise climate, exercise motivation, and exercise behavior is (0.069, 0.173), barring 0, and the interceding impact is tried. Hypothesis 2 is substantial, and its intervening impact represents 47.08% of the absolute impact. The certainty time period intervening in the impact trial of exercise self-efficacy between exercise motivation and exercise behavior is (0.017, 0.057), barring 0. The intervening impact has been tried. Hypothesis 3 is legitimate, and its intervening impact represents 13.75% of the complete impact, is not exactly the intervening impact of the exercise climate. The certainty timespan chain intervening impact way between exercise climate and exercise self-efficacy does exclude the number 0 (0.013, 0.044), and the chain intervening impact way exists, representing 11.25%. Hypothesis 4 is valid. The intervening impact of exercise climate and exercise self-efficacy on exercise motivation and exercise behavior is displayed in Figure 2.



TABLE 5 Mediating effect and effect size.
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FIGURE 2
 Chain mediation model. **p < 0.01.





Discussion

In this study, a chain mediation effect model was constructed to comprehensively explore the influence of exercise motivation, exercise climate, and exercise self-efficacy on exercise behavior and mainly explore the influence mechanisms of exercise climate and exercise self-efficacy on exercise motivation and exercise behavior, which is helpful to fully reveal the influence mechanism of exercise behavior. The results of this study have certain theoretical and practical significations for encouraging college students to develop good physical exercise habits and enhance their physical fitness.


Exercise motivation and exercise behavior

According to the findings of earlier pertinent studies, there is a considerable positive link between exercise habits and motivation for exercise (Xu, 2021) and verifies hypothesis 1. Xu (2021) believes that exercise motivation will promote exercise behavior, which further confirms that people with high exercise motivation will have more psychological needs for physical exercise and thus increase exercise behavior. The motivation for physical exercise has five dimensions, which are fun motivation, ability motivation, appearance motivation, health motivation, and social motivation. The fun motivation is to experience the pleasure brought by sports in physical exercise, which will make them physically and mentally happy. Competency motivation is the desire to learn new motor skills or improve the original motor skills through physical exercise. The appearance motivation is the need to get fit through physical exercise; the health motivation is to strengthen the body through physical exercise so that they have a healthy physique; and the social motivation is social motivation. I want to make friends and expand my circle of friends through physical exercise. According to the actual research results of various scholars, exercise motivation is often different in different genders and ages, and the motivation to participate in exercise behavior is diverse (Huang and Qiu, 2019). Studies have shown that most students take physical and mental health promotion as their main motivation (Zhang and Zhao, 2009). Girls’ motivation for physical exercise is mainly physical appearance, while boys pay more attention to ability motivation and social motivation (Kilpatrick et al., 2005). According to Zhu (2019), college students’ motivation and exercise activity are correlated, although there is a gender difference, with boys often showing higher levels of motivation. It was also mentioned that college students’ exercise behavior increased when they had a considerable amount of motivation to exercise. Wei (2010) found in his research that freshmen have a strong motivation for physical exercise. The reason is that freshmen have just entered the school and are full of curiosity and desire for the new environment. Therefore, they set many goals and are determined to complete them, which enhances their exercise motivation. Sophomores and juniors have been living on campus for a while, and students have gradually found their interests on campus. Physical exercise may be a small part of them, so the motivation for physical exercise will decrease. Senior students gradually realize the importance of physical exercise. Therefore, the exercise motivation will improve, but due to the pressure of an internship, writing papers, and so on, the time and frequency of actual exercise will be limited. Others are motivated by the occurrence of specific events. For example, in the study of Yuan and You (2021), it was found that, against the background of the COVID-19 epidemic, the motivation of college students to exercise and fight against the epidemic was also one of the reasons for them to do physical exercise. In general, exercise motivation is the primary factor that determines individual exercise behavior.



The independent mediating effect of exercise climate

In this study, it was found that exercise climate played a mediating role between exercise motivation and exercise behavior, and hypothesis 2 was verified. This is consistent with previous research evidence, namely, that exercise motivation significantly positively predicts exercise climate (Hu and Wei, 2005), and exercise climate significantly positively predicts exercise behavior (Jiang et al., 2004). In this study, the three variables were investigated at the same time, revealing that exercise motivation is an important factor to improve the exercise climate and improve exercise behavior.

The Ecological Model of Physical Activity (EMPA) suggests that the formation and change of physical activity behavior must be examined in relation to external environmental factors (John and Rebecca, 2003). Exercise climate often plays an important role as an external environmental factor that enhances individual exercise behavior. One side, exercise motivation has a positive predictive effect on the exercise climate. Exercise motivation has a unique influence on the exercise climate, and both motivation and atmosphere are factors that influence individuals’ adherence to physical exercise (Liu et al., 2005). College campuses provide good sports venues and sports equipment for college students, attract more and more students to do physical exercise, and gradually form a positive exercise climate. A decent exercise climate can invigorate the excitement of undergrads to partake in actual activity and increment their time, power, and recurrence of actual activity. The expansion in actual activity is helpful for the advancement of the physical and psychological wellness of undergrads and the improvement of coordinated movements and social capacity.

Then again, the exercise climate emphatically anticipated exercise behavior. The exercise climate essentially affects whether contemporary understudies participate in actual activity; it straightforwardly decides the understudies’ sports awareness and ideas and fills in as an exogenous power to urge understudies to participate in actual activity. A decent exercise climate can straightforwardly direct undergraduates to partake in sports exercises and act as an illustration in the sport activity. But the poor exercise climate will hinder the pace of physical exercise by college students, reduce their enthusiasm to participate in sports, restrain their desire to exercise, and even make them interrupt or quit physical exercise. In addition, according to the theory of “three factors of emotion” proposed by Wendell, emotion is produced by the interaction of external stimuli, physiological changes in the body, and cognitive processes. When the exercise environment around the individual is stronger, the cognition level of physical exercise rises, and the individual gradually produces an exercise mood, which encourages college students to adhere to physical exercise more closely. Therefore, on the premise of providing exercise places for students, colleges and universities should often organize sports events, create a good exercise climate, guide college students to participate in physical activity, enhance their exercise motivation, and stimulate their interest in physical exercise to increase the frequency, intensity, and time of exercise behavior.



The independent mediating effect of exercise self-efficacy

This investigation discovered that exercise self-efficacy played an intervening role between exercise motivation and exercise behavior, which affirmed theory 3. This is consistent with past examination proof, specifically that exercise motivation essentially emphatically predicts exercise self-efficacy (Dong et al., 2020) and exercise self-efficacy fundamentally decides exercise behavior (Dong et al., 2022). In this review, the three factors were researched simultaneously, uncovering that exercise motivation is a significant element to work on the feeling of exercise self-efficacy as well as a significant variable to increase exercise behavior.

According to the health behavior process model, high self-efficacy is an influential factor between exercise motivation and exercise behavior. Exercise motivation can positively predict exercise self-efficacy. College students with strong exercise motivation dare to face and overcome the difficulties and setbacks of participating in physical exercise, showing a strong sense of exercise self-efficacy. However, college students with weak exercise motivation will also have a low sense of self-efficacy in exercise. When they encounter difficulties, they will choose to avoid them rather than try to solve them, which will lead to the interruption or even termination of their exercise behavior.

Meanwhile, exercise self-efficacy can also affect exercise behavior. Exercise self-efficacy is the level of confidence that people have in their athletic ability. The easier it is to enjoy physical activity, increase the durability of exercise behavior, firmly exercise all the time, and form a lifelong habit of sports, the higher the exercise self-efficacy. Therefore, college students should gradually form the concept of regular physical exercise. Nowadays, it is very important to have a healthy body, and physical exercise is the best prescription. Physical activity can improve self-efficacy, improve mood, and have a positive impact on lifelong development.



The chain mediated effect of exercise climate and exercise self-efficacy

In view of the prior, a chain intercession model was created to research the cycle and system of exercise motivation that advances exercise behavior. Exercise climate and exercise self-efficacy play various intervening roles between exercise motivation and exercise behavior. Great exercise motivation, specifically, can further develop the activity climate around people, and exercise climate is a significant factor working on the improvement of exercise self-efficacy in people, and exercise self-efficacy will additionally influence people’s exercise behavior. This affirms speculation 4 of this review. A few investigations have discovered that exercise climate and exercise self-efficacy play an intervening role between exercise motivation and exercise behavior (Dong et al., 2022). It is brought up that the exercise climate meaningfully affects undergrads’ self-efficacy in working out. The stronger the exercise climate around college students is, the deeper their perception of physical exercise will be, which is conducive to forming positive emotions and promoting the improvement of college students’ self-efficacy in exercise. Therefore, a good exercise climate can improve individual self-efficacy in exercise, stimulate college students’ motivation to exercise, and increase exercise behavior.

Subsequently, the chain intercession of exercise climate and exercise self-efficacy in this study is doable, and it can have an impact on the interceding impact of exercise motivation on exercise behavior. In this way, involving exercise climate and exercise self-efficacy as the “third factor” to overcome any barrier between exercise motivation and exercise behavior is useful to make sense of and anticipate the perplexing component of the change from motivation to behavior and has a specific directing incentive for advancing exercise behavior in undergraduates.



Practical significance

This study looks at the impact of exercise motivation on exercise behavior, advances pertinent examination in the field of exercise motivation and exercise behavior, and has specific reasonable importance for further developing the exercise behavior of understudies. Firstly, exercise motivation is an important predictor of exercise behavior. The physical fitness of college students is declining year by year, and they lack serious physical exercise, which should be given full attention. Exercise behavior is related to exercise environment and exercise self-efficacy. Exercise motivation can not only positively predict exercise climate and exercise self-efficacy but also play an important role in predicting the exercise behavior of college students. Therefore, improving the motivation of college students’ physical exercise should become an important part of a college education. According to the characteristics of the physical and mental development of students, physical education teachers should create conditions for students to do good physical education and extracurricular physical exercise, which can provide direct help to stimulate the exercise motivation of college students. Secondly, exercise climate and exercise self-efficacy are important factors affecting college students’ exercise behavior. The chained impact of exercise climate and exercise self-efficacy suggests that sports instructors should focus on the exercise behavior of understudies because of exercise climate and exercise self-efficacy. Carry out the difference in understudies from “propelled” to “activity,” advance the exercise behavior of undergrads, upgrade the exercise motivation simultaneously, and focus on upgrading the exercise climate around undergrads and working the fair and square of exercise self-efficacy to expand the exercise behavior of undergrads.



Limitations and prospects

Most importantly, this paper takes on an emotional detailing strategy to quantify understudies’ exercise behavior, which is heavily impacted by individual subjectivity, so the causal connection between factors cannot be surmised. Later on, longitudinal following or an exploratory mediation configuration can be utilized to make even more sense of the impact of exercise motivation on the exercise behavior of understudies. Thirdly, the choice of subjects from a similar region is helpful for working on the interior legitimacy of the review, but it restricts the outside legitimacy of the review. Future examinations can zero in on various kinds of colleges in various territories for examination and exploration. At last, this concentration just considers the interceding impact of exercise climate and exercise self-efficacy on exercise motivation and exercise behavior of understudies, yet actually, there might be other intervening factors, for example, peer support, social help, and instructors’ ability to instruct, that need further exploration.




Conclusion

This paper investigates the huge intervening impact of exercise climate and exercise self-efficacy on exercise motivation and behavior. What’s more, there are three explicit interceding ways: (1) the single intervening impact of exercise climate; (2) the sole intervening impact of exercise self-efficacy; and (3) the chain interceding impact of exercise climate and exercise self-efficacy. Through the inside and outside investigation of the survey information of undergrads, the outcomes show that exercise motivation, exercise climate, exercise self-efficacy, and exercise behavior are altogether associated, and exercise motivation can essentially predict exercise behavior. It very well may be found in this paper that undergrads’ exercise behavior is impacted by the encompassing exercise climate and the degree of exercise self-efficacy. Subsequently, during the time spent further developing understudies’ exercise behaviors, more consideration ought to be paid to the exercise climate around understudies as well as individual self-efficacy of exercise.
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Physical activity, while less necessary for survival in modern times, is still essential for thriving in life, and low levels of movement are related to numerous physical and mental health problems. However, we poorly understand why people move on a day-to-day basis and how to promote greater energy expenditure. Recently, there has been a turn to understand automatic processes with close examination of older theories of behavior. This has co-occurred with new developments in the study of non-exercise activity thermogenesis (NEAT). In this narrative review, it is hypothesized that psycho-physiological drive is important to understand movement in general and NEAT, specifically. Drive, in short, is a motivation state, characterized by arousal and felt tension, energizing the organism to acquire a basic need. Movement is a biological necessity, like food, water, and sleep, but varies across the lifespan and having the greatest impact before adolescence. Movement meets various criteria for a primary drive: (a) deprivation of it produces feelings of tension, such as an urge or craving, known as affectively-charged motivation states, and particularly the feelings of being antsy, restless, hyper or cooped up, (b) provision of the need quickly reduces tension - one can be satiated, and may even over-consume, (c) it can be provoked by qualities of the environment, (d) it is under homeostatic control, (e) there is an appetite (i.e., appetence) for movement but also aversion, and (f) it has a developmental time course. Evidence for drive has mainly come from children and populations with hyperkinetic disorders, such as those with anorexia nervosa, restless legs syndrome, and akathisia. It is also stimulated in conditions of deprivation, such as bed rest, quarantine, long flights, and physical restraint. It seems to be lacking in the hypokinetic disorders, such as depression and Parkinson’s. Thus, drive is associated with displeasure and negative reinforcement, subsuming it within the theory of hedonic drive, but it may fit better within new paradigms, such as the WANT model (Wants and Aversions for Neuromuscular Tasks). Recently developed measurement tools, such as the CRAVE scale, may permit the earnest investigation of movement drive, satiation, and motivation states in humans.
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 drive, motivation, affectively charged motivation states, satiation, exercise, physical activity, non-exercise activity thermogenesis


Introduction

Movement is important for both physical and mental health, thriving in life and until recently, even survival. While exercise is widely recognized as improving physical fitness and cardiovascular health (Garber et al., 2011; Usdhhs, 2018; Bull et al., 2020), less recognized is the importance of bodily movement in general, which is necessary for proper circulation, tissue perfusion (i.e., oxygenation of tissues), metabolism, and many other functions (Greenleaf and Kozlowski, 1982; DeRoshia and Greenleaf, 1993). Those who move more frequently have less occurrence of blood clots (i.e., pulmonary embolisms, deep vein thromboses), frozen joints, cartilage degeneration, impaired digestion, metabolic disease and even skin problems (Lee et al., 2012; Musumeci et al., 2013; Crane et al., 2015; Pedersen and Saltin, 2015; Khmaladze et al., 2020). Under conditions of movement, weight is maintained in the face of increased or decreased calories (Levine et al., 1999, 2005; Donnelly et al., 2009). Movement is needed for proper growth, maturation and development of immune function (Vicente-Rodríguez, 2006). Mental health and even basic perception and psychological attention is facilitated with movement and degrades with lack of it (Zubek, 1964; Greenleaf and Kozlowski, 1982; Winget and Deroshia, 1986; Kim et al., 2012; Chekroud et al., 2018; de Sousa et al., 2018a,b; Parker et al., 2020; Pearce et al., 2022). Even when sleeping, a healthy body continues to move regularly, with about 135 total movements per session of sleep, of which 15.1 are major postural adjustments (Wilde-Frenz and Schulz, 1983). If indisposed, the body must still be moved frequently (e.g., by a nurse) to prevent pressure injuries (i.e., skin ulcers), additionally highlighting the importance of movement (Walton-Geer, 2009). Sudden declines in movement (i.e., outside of normal sleep and rest) are associated with precipitous worsening of health and accelerated aging (Greenleaf and Kozlowski, 1982; Winget and Deroshia, 1986). Engagement in a new and regular exercise routine results in immense health benefits that is dose-dependent, leading some to call it a “polypill” (Fiuza-Luces et al., 2013). Consequently, one might imagine that movement is as vital as food, water, air, sleep, shelter, and sexual activity – in other words, a basic or genuine need.

Movement falls on a spectrum of energy expenditure and movement intensity, ranging from sleep to vigorous activity (Rosenberger et al., 2019; Biddle, 2022). Furthermore, movement varies cyclically over a 24-h activity cycle (Rosenberger et al., 2019), typically higher when one is awake and peaking in the afternoon (McDonnell et al., 2022). Energy expenditure, per se, is largely not under volitional control, with the majority of energy being expended automatically through the resting metabolic rate (RMR) and the thermic effect of food (TEF; King et al., 2007). Substantial energy expenditure, however, is under volitional control, such as lifestyle and occupational physical activity and structured exercise. All physical activity not accounted for by exercise, RMR or TEF is deemed non-exercise activity thermogenesis (NEAT), which cannot be directly measured (Levine et al., 1999, 2005). Within NEAT falls incidental or spontaneous physical activity (SPA), such as fidgeting, pacing, and postural adjustments, which may also result in substantial energy expenditure (Garland et al., 2011). Some sedentary behavior common for our ancestors and in hunter gatherers of today, such as “static squatting,” results in enough muscular activity that it could be construed as a form of physical activity. This signifies the complexity of separating physically active and sedentary behaviors, the latter of which typically includes sitting (Raichlen et al., 2020; Higgins et al., 2022). For this hypothesis and theory paper, it is important to note that some volitional activity could also be characterized as “obligatory” (Garland et al., 2011) and instrumental (Stults-Kolehmainen et al., 2020a; see below).

Unfortunately, with modern times, physical activity and exercise have declined, and sedentarism has become dominant (Hyde et al., 2021; Ussery et al., 2021). Likewise, calories are abundant along with expanding waistlines and central adiposity (Fryar et al., 2021; Wong et al., 2022). The putative mechanism is that calories (e.g., particularly from highly palatable food) are highly reinforcing, while movement is less attractive. Reinforcement, however, has two forms, both positive (i.e., providing a pleasurable stimulus) and negative (i.e., taking away a negative stimulus). Movement as a positive reinforcer has been considered extensively (Cheval et al., 2018). Atypically has movement been considered as a negative reinforcer, such as taking away displeasure (Stults-Kolehmainen et al., 2020a). Drive theory contends that humans are motivated to extinguish the negative sensations that are usually produced through the deprivation of basic needs (Hull, 1943, 1952). Bodily movement has periodically been considered as a basic need (Bridges, 1936; Seward and Seward, 1937; Rowland, 2016). However, while instances of low movement are abundant, it’s uncommon in parlance to think of oneself as being deprived of movement. In fact, many may prefer it that way. Nevertheless, for some, there may be an obvious need to move, and a sense of deprivation when it is lacking. Furthermore, modern innovations have also produced situations where humans, who are otherwise active, become constrained, sometimes for long periods (e.g., academic lectures, flights, space travel, laboratory tasks, quarantine, various forms of confinement and sensory deprivation; Galton, 1885; Zubek, 1964; Zuckerman et al., 1968; Reardon et al., 2008; Shalev, 2008; Morgan et al., 2013; Seli et al., 2014; Bouwens et al., 2018; Blacutt et al., 2021; Stults-Kolehmainen et al., 2021a; Filgueiras and Stults-Kolehmainen, 2022). If movement is a basic need, there should be a sense of deprivation in these instances. Given these observations, it seems worthwhile to consider whether human movement has drive-like qualities, if it might even be considered a primary drive, and if so, what might be implicated for theories of physical activity behavior. The goal of this hypothesis and theory paper is to explore these issues in both a historical and modern context, drawing on a wide variety of literature. The goal is not to conduct a systematic review, particularly given the difficulties of searching for the term “drive,” and because there is no research question, per se.



Discussion


Theories of physical activity behavior

Human movement as a behavior remains an enigma. Dominant theories of exercise and physical activity behavior have largely failed to explain human movement in its totality, largely leaving the concept of daily energy expenditure to the physiologist (Garland et al., 2011). Theories of motivation have typically focused on motives and self-determination, as well other cognitive-oriented constructs (Biddle, 1995; Ryan and Deci, 2007; Stults-Kolehmainen et al., 2013a,b; Ekkekakis and Brand, 2021). There has been a recent resurgence of interest in older psychological theories in the construction of dual process theories of motivation (Conroy and Berry, 2017; Brand and Ekkekakis, 2018), which posit both automatic and deliberative components to motivation. For instance, ART theory has resurrected Lewin’s ideas of driving and restraining forces (Marrow, 1977; Brand and Ekkekakis, 2018), yet, attempts to reconcile these inputs on behavior are not unique. Butt (1976) commented that, “motivation may be seen as evolving from two major sources: a biologically-based fund of energy, and all secondary or environmental influences, each with positive and negative pulls.” Alderman (1974), took a more comprehensive view, stating, “motivated behavior is the sum total of instincts and needs, motives and drives, conscious and unconscious forces, and a function of what one expects to gain from participation in sport,” which Feige (1976) categorized hierarchically to explain physical activity motivation. The ideas of action impulse and urge have also reemerged, though they remain very poorly defined across the literature (Gardner, 2015; Brand and Ekkekakis, 2018; Rebar et al., 2018; Stults-Kolehmainen et al., 2020a, 2022a; Ekkekakis and Brand, 2021; Williams, 2023).

With attention now placed on older theories and constructs and rectifying them with newer ones, it begs the question of the relevance of some of the oldest theories of motivation, Drive Theory and the related Drive Reduction Theory (Hull, 1943, 1952). Drive theory posits that humans are motivated primarily to reduce tension and arousal, typically occurring from the deprivation of basic needs (Allen et al., 2017). With the dawning of behaviorism and cognitivism, this idea has been largely ignored, relegated or simply forgotten (Skinner and Morse, 1958). Early sport and exercise psychologists were disappointed with the ability of Drive Theory to predict the effects of arousal, and in particular anxiety, on performance of complex motor tasks, and they recommended the abandonment of the concept (Martens, 1971, 1974; Landers, 1980; Tenenbaum and Bar-Eli, 1995). These researchers had little interest in applying the concept to general movement and physical activity behavior. Those that were interested in exercise behavior were turned off by the idea of “people as machines” (Biddle, 1995).

However, the idea has persisted in the work of exercise physiologists within the notion of biological control (Rowland, 1998, 1999, 2016). In the current exercise psychology literature, “drive” is usually used in the context of basic psychological needs, as defined by Self-Determination Theory (Rhodes et al., 2019), nervous system activity (i.e., sympathetic and parasympathetic drive; Greenwood and Fleshner, 2019), as well as use in expressions of being “driven” (Frijda, 2016; Lichtenstein and Jensen, 2016). In fields outside of exercise science, there has been an earnest re-examination of the concept (Allen et al., 2017) because, while drive has been roundly criticized by some scholars, no meaningful substitutes have been found (Conrad, 2021). Recently, the WANT model of physical activity and sedentarism posited that the desire for movement behaviors is attributed to a combination of attempts to reduce tension (e.g., from drive and stress) and maximize pleasure and enjoyment (i.e., hedonic motivation; Seward, 1956; Stults-Kolehmainen et al., 2020a, 2022a). This idea deserves further delineation, but my basic postulate is that humans have a primary drive to move.



Drive and drive theory

Drive theory is an early theory of motivation. The idea of drive is a “frontier” concept that straddles the physiology and psychology literatures (Conrad, 2021) and varies widely by field of inquiry (Katsafanas, 2018). It is traced back to the work of German physician Johann Friedrich Blumenbach (1752–1840) who used the term trieb, meaning force or impulse (Conrad, 2021). Notably, for this review, that term derives from an older word, trieben, meaning “to herd animals.” Nonetheless, the term is frequently associated with the works of Nietzsche and Freud (1964), who were primarily concerned with the drives of sex and aggression. Since this time, however, the concept of drive has been applied more expansively - making a concise definition difficult to find (Bridges, 1936). Some notable definitions follow here:

1. Clark Hull, who is most closely associated with Drive Theory, described drive as “motivation that arises due to a psychological or physiological need” (Hull, 1952).

2. Baumeister and Vohs (2007) describe it as “increased arousal and internal motivation to reach a particular goal.”

3. The American Psychological Association (2022) defines it essentially as a motivation state (Stults-Kolehmainen et al., 2020a), saying drive is “a generalized state of readiness precipitating or motivating an activity or course of action.” They add, “Drive is … usually created by deprivation of a needed substance (e.g., food), the presence of negative stimuli (e.g., pain, cold), or the occurrence of negative events.”

4. Seward and Seward (1937) defined drive as “an activity of the total organism resulting from a persistent disequilibrium.”

5. Seward described drive as an “excitatory state produced by a homeostatic disturbance” (Seward, 1956).

6. Conrad (2021) notes that “A drive is fundamentally a force, a pressure impelling the organism endogenously.” Speaking from a psychoanalytic viewpoint, Conrad also describes drive as, “bedrock psychical forces that attach to ideational content and are realized in dispositional states that induce affective, and so evaluative, orientations.”

7. Other perspectives come from: (a) Carver and White (1994) in their studies of behavioral activation, which consider drive as more similar to a trait, and label it as “persistent pursuit of desired goals,” (b) Lewin considered drive within his notion of “tension systems” (Marrow, 1977).

Consequently, the idea of drive is multifarious and difficult to operationalize. The most common elements from the definitions above are motivation, psychological states, goals, and homeostasis. A similar problem exists with the concept of stress, which conflates the ideas of stressors (i.e., impinging forces) with strain (i.e., the reaction to stress; Bartholomew et al., 2008; Lutz et al., 2010; Stults-Kolehmainen and Bartholomew, 2012; Stults-Kolehmainen et al., 2014, 2016; Stults-Kolehmainen and Sinha, 2014). In this case, drive has been blended, sometimes indiscriminately, with the ideas of: (a) needs, (b) deprivation of the need (i.e., a stressor), (c) felt tension and affective strain (i.e., a response), (d) a process of motivation, and (e) a motivation state. Given that the difficulties of stress have been met head on, I suggest that the concept of drive may also be pursued more rigorously. Here I define drive as, “a motivation state triggered by deprivation of a need or relevant environmental factors and associated with a subjective feeling of tension, functioning to help the organism maintain homeostasis.” [Note that, below, drive is often referred to as (a) a tendency to experience motivation states, which energize the organism to action through processes of deprivation, tension, consumption, and satiation or (b) as the totality of these processes.]

Given this lack of clarity, I find it best to start with the concept of needs and, specifically, primary needs. For Hull (1952), a need is a biological requirement of the organism, though Taormina and Gao (2013) more broadly assert that it is “characterized by, and defined as, a lack of something that is essential to an organism’s (a person’s) existence or well-being.” These researchers, who follow the paradigm from Maslow (1943, 1987), specifically note that “physiological needs can be operationally defined as the lack of chemicals, nutrients, or internal (e.g., exercise/health) or environmental (e.g., temperatures) conditions necessary for the body to survive, such that the extended absence of these things could lead to psychological stress or physical death” (Taormina and Gao, 2013). The generally accepted primary needs are food, water, oxygen, warmth, shelter, sleep, and sex (Taormina and Gao, 2013). Seward and Seward (1937) also include: activity, exploration (Butler, 1953), attack and self-assertion, escape, and submission. Clearly, there is no universal agreement on the numeration of the primary drives, and later Maslow (1987) urged ending the deliberation over the matter.

Needs are frequently categorized by the type of stimuli that are needed (e.g., water, food, movement). To help avoid circularity, “need” might be viewed as the lack of the necessary stimulus (Taormina and Gao, 2013). Lack of a necessity results in a state of deprivation or deficiency – a threat to homeostasis, and thus a stressor. There is an internal stimulus, a signal, as well as arousal associated with the deprivation. For instance, the condition of hunger is a motivation state produced by the deprivation of needed energy. It stimulates the sensation of being hungry, which is a signal to acquire food. Likewise, thirst is a motivation state, a condition, resulting from deficient water intake, associated with the feeling of being thirsty (see Table 1; Allen et al., 2017). Sensations produced by drive, like being hungry and thirsty, are almost always unpleasant and are considered sources of tension. Drive, however, is not simply the experience of tension. In Hull’s system, drive is the energy or motivational force that powers behavior (Hull, 1943, 1952). For Lewin (Marrow, 1977), drive was characterized as a “tension system.” It is an uncomfortable motivation state and resulting arousal, both generalized and specific to the need, with the objective to eradicate the deficiency in the need and focusing the attention of the deprived individual on a target. To acquire and consume the needed substance is to sate or satiate the deprived need, which ensures survival. The process is highly automatic and, theoretically, fundamental across all humans, perhaps all mammals, similar to core affect (Barrett et al., 2007).



TABLE 1 Some classic, primary (i.e., “genuine”) drives, including bodily movement and physical activity.
[image: Table1]



Criteria for primary drives

Specific criteria indicating what constitutes a primary drive are difficult to find, with the exception of Bridges (1936), which predates the classic work from Hull (1943, 1952). Based on considerations above, I propose that criteria would include:

1. Universality: The need is innate and common to nearly all humans, and possibly all vertebrates, similar to core affect (Hull, 1952; Spence, 1956; Barrett et al., 2007).

2. Biological requirement for survival: The need is necessary and not acquired or conditioned.

3. Emerges in deprivation: The drive is highly repeatable in response to the recurrence of need deprivation (Allen et al., 2017).

4. Subjective feeling of tension: Deprivation of the need has a psychological consequence. The condition of deprivation is typically unpleasant, like discomfort, which may be strong (e.g., an urge or craving) and may even be the dominant sensation in some situations. The tension is both generalized and specific to the need (e.g., stomach pangs in response to hunger).

5. Physical manifestations and symptoms: There are observable changes in the physical state, such as altered locomotor activity (e.g., the muscles shake in response to being antsy), along with emotional expression (e.g., being flushed).

6. Consumption: Behaviors are observed to consume the need (Allen et al., 2017).

7. Relief: Tension (thus, motivation) rapidly decreases with the provision of the needed stimulus (i.e., a “rapid diminution of motivational stimulus”; Seward, 1956).

8. Satiation and Over-consumption: A sense of being “full,” a motivational null-point, while having too much results in unpleasant sensations (Allen et al., 2017).

9. Developmental time course across the lifespan: The drive is exhibited early in infancy (or even before birth), is visible throughout infancy and childhood, and changes with aging (Bridges, 1936).

10. Under homeostatic control: The need has a circadian rhythm, typically. It is reproduced daily and may change seasonally (Budnick et al., 2022).

11. Responsiveness to other internal and external stimuli: Qualities of the internal environment (e.g., the body) and the external environment (e.g., either provocative or dull situations) can stimulate it (Loewenstein, 1996; Seli et al., 2014).

12. Approach and avoidance: Include aversions and appetites (e.g., humans crave fresh and avoid salty water; are repulsed by rotten food; Seward and Seward, 1937; Skinner et al., 2009; Stults-Kolehmainen et al., 2020a). Qualities of the stimulus matter as they are relevant for survival.

13. Biological mechanisms: There needs to be evidence of multi-system biological control to constitute a drive, including hormones, neuropeptides, brain circuitry, the microbiome, etc. (Allen et al., 2017; Dohnalová et al., 2022).

Drives differ from reflexes, instincts, basic psychological needs, impulses, habits, and predispositions (Seward and Seward, 1937; though in a circular definition, Szondi described drive as “an instinctual need that has the power of driving the behavior of an individual”; Szondi, 1972). Seward and Seward (1937) explain how drives differ from reflexes, “which are readily performed, such as blinking, coughing, and withdrawing from easily avoided cutaneous stimuli.” While there is some obvious overlap, drives differ from basic psychological needs, such as the basic need to belong (Baumeister and Leary, 1995; Tomova et al., 2020), and competence and autonomy (Ryan and Deci, 2007). Instincts differ from drives in that they can be easily externally provoked and do not need any conscious awareness. Conrad (2021) defines instincts as, “innate and unlearned biological processes realized in fixed action patterns that are direct expressions of the twin goals of natural selection: survival and reproduction.” A common example is a mother’s instinct to protect her young in danger (Bridges, 1936). The stress reactions of fight and flight, now more accurately reconceptualized as “freeze, flight, fight, or fright,” may be more pertinent (Bracha et al., 2004). The idea of “impulse” is similar to drive in that it has been poorly defined, but ostensibly these are separate but potentially related constructs (Gardner, 2015; Brand and Ekkekakis, 2018; Conrad, 2021). For instance, both drive and impulse may be related to a third construct, urge, which is a feeling of strong desire to approach an object or behavior.

Importantly, drives may or may not have an object or a precise target. “There is no inherent correspondence between a drive and its object in the same way that there is between an instinct and its object” (Conrad, 2021). Conrad goes on to add, “drives are fundamentally forces and may be ‘continuously flowing’ without any attachment to an object.” On the other hand, Conrad also notes that drives may be vector-like, having both force and direction. In line with these notions, the drive for movement may be expressed in a multitude of ways, such as a longing for sport, needing to go for a walk or wanting to get fit and more muscular (i.e., all having direction/ an object), or a pressing readiness to fidget and move about (i.e., not having direction / an object).



Movement as a primary drive: Criteria 1–3


Movement is needed for survival

My initial arguments that humans have a basic drive to move were published in a former paper (Stults-Kolehmainen et al., 2020a) that, while providing a strong rationale, fell short of emphasizing that movement might be characterized as a primary drive. To do so would be to imply that movement is necessary for survival – that there is a physical need – which is nearly universal (criteria 1 and 2, above). The study of drive has frequently been explored in rodent models, where there is strong evidence of a basic drive to move (Garland et al., 2011). However, in an early review on the matter, Lore (1968) has argued that there is inconsistent evidence of an innate drive to move in rodents. However, he included studies using activity deprivation ranging from 5 h to 100 days, thus conflating acute and chronic responses.

Thus far in humans, movement has atypically been included in lists of basic physical needs and thus, primary drives, such as eating, drink, sex, social interactions, etc. (Hull, 1952; Loewenstein, 1996; Tomova et al., 2020). Nevertheless, Bridges (1936), Seward and Seward (1937), and more recently Taormina and Gao (2013) have been direct in the assertion that physical activity (and exercise) is a primary need and drive. Others have been highly suggestive of the point (Tolman, 1932; Collier, 1970; Feige, 1976; Rowland, 1998, 1999, 2016; Reiss, 2004; Schultheiss and Wirth, 2008; de Geus and de Moor, 2011; Kalupahana et al., 2011), and it has been partly established above. In short, movement is necessary for instrumental reasons, for play (Rowland, 1998; Rowland, 2016), exploration for acquisition of rewards, and experiencing and processing novel environmental stimuli (Butler, 1953; Panksepp, 2006; Cabanac, 2006a,b; Schultheiss and Wirth, 2008; Panksepp and Biven, 2012; Frijda, 2016; Parker et al., 2020). There is also a general need for stimulation (Ekkekakis, 2013), such that individuals will even subject themselves to painful electric shocks when faced with nothing else to occupy their minds (Wilson et al., 2014). Ekkekakis (2013) summarized older arguments that indicated that humans have an “inherent propensity,” “susceptibility” or “drive for activity.”



Clinical manifestations

A case for “drive for activity” has also been made in certain clinical conditions, such as anorexia nervosa (Davis and Woodside, 2002; Scheurink et al., 2010; Casper, 2018, 2022). Aversive sensations associated with a lack of movement are also hallmarks of various disorders, such as Restless Leg Syndrome (Garcia-Borreguero et al., 2011; Khan et al., 2017), akathisia (Iqbal et al., 2007), exercise addiction/dependence (Hausenblas and Downs, 2002; Ferreira et al., 2006; Garland et al., 2011; Lichtenstein and Jensen, 2016; Stults-Kolehmainen et al., 2022b), and hyperactivity (Willerman, 1973; Scheurink et al., 2010). Some of the earliest observations of this go back over 100 years, such as a case of a girl with akathisia who was rarely able to stop moving (James, 1907). With hypokinetic disorders, such as Parkinson’s and depression, there may be a total loss of desire and urge to move, characterized as motor apathy or psychomotor retardation (Sinha et al., 2013; Busch et al., 2016; Stults-Kolehmainen et al., 2022b). Collectively, I have called the disorders characterized as very high or very low in motor urge as Movement Urge Dysfunction Disorders (MUDD), which seem to fall along a movement urge dysfunction spectrum (MUDS; Stults-Kolehmainen et al., 2022b). This proposition is supported in the Parkinson’s literature and elsewhere as conditions characterized by hypo- and hyper-dopaminergic states in the cortico-striatal circuits (Sinha et al., 2013). Until recently, however, a strong case was not made for the general population of healthy adults (Stults-Kolehmainen et al., 2020a, 2021b, 2022a). To support the point, one would need to assert that movement is (has been) a common need for all (most) humans and is (has been) needed for survival – not requiring conditioning. Thus, the first two criteria seem to be satisfied.



Movement deprivation

It appears that the 3rd criterion from the above list (i.e., deprivation) is met as well. Seward and Seward (1937) note that with “prolonged rest, the refreshed organism requires activity to restore equilibrium.” Arousal emerges when movement is deprived, such as prolonged sitting and physical restraint (Zuckerman et al., 1968; Ravussin et al., 1986; Reardon et al., 2008; Bouwens et al., 2018), which is highly repeatable and has been observed in primates (Butler, 1953) and humans (Stults-Kolehmainen et al., 2021b, 2022a; Budnick et al., 2022). Under restrained conditions humans feel “intense uneasiness or craving” or “pressing readiness” or tension, perhaps similar to appetite (Loewenstein, 1996; Ferreira et al., 2006); a comparison propelled by Rowland (1998). Almost anyone can identify with the discomfort of sitting for prolonged periods, feelings of being antsy, jittery, squirmy, restless and/or fidgety, and the relief provided by movement (Levine et al., 2005; Seli et al., 2014). They are also observed in various conditions, such as forced bed rest (DeRoshia and Greenleaf, 1993; Ishizaki et al., 2002), loss of playtime/recess (Jarrett et al., 1998), being constrained during an MRI scan or metabolic testing (Ravussin et al., 1986; Aoyagi et al., 2003; Heilmaier et al., 2011), sudden decline in one’s usual exercise routine or mandated detraining (Mondin et al., 1996; Sugawara et al., 2001), quarantine / confinement (Zuckerman et al., 1968; Shalev, 2008; Blacutt et al., 2021; Stults-Kolehmainen et al., 2021a; Filgueiras and Stults-Kolehmainen, 2022), and sensory deprivation (Morgan et al., 2013).

Here are some specific examples:

1. The use of physical restraints in older adults, ostensibly to prevent falls while moving, causes large increases in anxiety and exacerbates agitation (Scherder et al., 2010).

2. Solitary confinement with movement restriction results in dramatic effects to physical and mental health, and, concordantly, international law mandates 1 h of exercise time per day (Shalev, 2008). As movement is a basic need, it is also considered by some to be a human right.

3. College-aged male participants who were physically restricted with straps to a form-fitting bed for 8 h had large increases in somatic complaints, feelings of discomfort, and “muscle tightness, sweating, pain in joints, urge to urinate, and itching” (Zuckerman et al., 1968).

4. Even in restricted environmental stimulus training (REST – a float tank designed for sensory deprivation), which is designed for relaxation, “a tension develops which can be called a ‘stimulus-action’ hunger; hidden methods of self-stimulation develop: twitching muscles, … stroking one finger with another, etc.” (Lilly, 2022).

5. In their studies of daily energy expenditure, Ravussin et al. (1986) and colleagues constrained participants to a nondescript metabolic chamber for 24 h and did not permit them any kind of physical exercise, which resulted in increased spontaneous physical activity (SPA). They noted that, “Because the subjects were not allowed to carry out physical exercise, such as isometric exercises or calisthenics, it is possible that such activity represents an unconscious need to be active.”



Activitystat – the physical activity set point

Consequently, there may be an energy expenditure set point, under biological control, resulting in drive to move when the level of required activity is not met, and lower drive when there is too much or sudden bursts of activity (Rowland, 1998, 2016; Garland et al., 2011). Bennett (1995) wrote of the general idea of biological control of movement,


“As with breathing, elimination, and sexual activity, there can be considerable ambiguity about the degree of volition in the timing, frequency, and circumstances of any particular act of eating or exercise. In the moment, snacking [and movement] may appear to be altogether subject to conscious control; in the aggregate, however, such behavior assumes a certain biologic inevitability.”
 

The drive for movement may, alternatively, be a mere consequence of the drive for energy homeostasis, or central nervous system stimulation (Rowland, 1998; Wilson et al., 2014). Rowland coined the term “activitystat” in reference to a homeostatic center of control that keeps total daily energy expenditure (TDEE) relatively stable. To maintain the set point, subtle and perhaps unconscious adjustments may be automatically applied to modulate resting metabolic rate, incidental or spontaneous physical activity, as well as voluntary exercise. There is mixed evidence that when exercise suddenly increases, NEAT (i.e., kcals of non-exercise activity) may decrease (King et al., 2007; Westerterp, 2018). A recent study purporting to test the activitystat model with various training protocols did not find support for the idea (Gomersall et al., 2016). However, a test of this model with provision of activity, but not deprivation of activity, is a poor test of the framework. There is less direct evidence that sudden declines in activity may result in increases in caloric expenditure, but it is possible that this is due to insufficient methods of investigation.




The subjective feeling of drive (felt tension): Criterion 4

Drives are associated with strong signals and subjective feelings of urge and tension, which change rapidly with consumption, satiation, and over-consumption. If humans have a drive to move, what is the proper term for the feeling of tension associated with its deprivation? A lack of food results in hunger and feeling hungry; a lack of water, thirst and being thirsty, a lack of sleep, fatigue and feeling tired (see Table 1). Historically, a lack of movement was not a problem, and thus no strong word is associated with the state of deprivation, at least in English. Older literature has utilized terms, such as “necessity of body exercise,” “volitional promptings,” “intense uneasiness,” “craving,” and “pressing readiness” (Bain, 1855; Baldwin, 1891, 1894; Shirley, 1929; Hill, 1956; Finger and Mook, 1971). Several candidates might be worthy to succinctly describe “feeling deprived of movement”: feeling antsy, fidgety, driven, cooped up, hyper, wired, agitated, on edge or edgy, restless, squirmy, jittery, wound up, keyed up, stir crazy, having cabin fever, or other overlapping terms also referring to being energized (Jarrett et al., 1998; Emerson, 2020; Stults-Kolehmainen et al., 2022b). Just like psychosomatic sensations of fatigue and energy, feelings of restlessness could be construed as being solely physical and/or mental (Herring and O'Connor, 2009). Sensations of energy and fatigue are moderately correlated with desires and wants to move and rest (Stults-Kolehmainen et al., 2021b). Feeling antsy has connotations of an external source of stimulation (i.e., literally “ants in the pants”), and “cooped up” typically refers to conditions of constraint, while being “wired” usually refers to consumption of excess caffeine or other external stimuli (Levitt et al., 1993) and “feeling hyper” often describes responses to medications (Hauser and Zesiewicz, 1997; Rabkin et al., 2004). Many other terms also exist: drive for activity (Casper, 2018, 2022), urges, cravings, and appetence (Ferreira et al., 2006). The collection of these has been generally referred to as “affectively-charged motivation states” (ACMS) for physical activity (Stults-Kolehmainen et al., 2020a, 2022a). Lastly, it’s important to note that for those with exercise addiction/dependence, abstaining from movement may result in sensations of withdrawal and cravings for exercise (Hausenblas and Downs, 2002; Garland et al., 2011; Lichtenstein and Jensen, 2016). Overall, “urges to move are well-documented in situations where such sensations are bothersome and unproductive” (Stults-Kolehmainen et al., 2022b).



Criteria 5–12

For criteria 5–12, I provide brief evidence.

Criterion 5 (Physical manifestations): Studies of participants in situations of deprivation, mentioned above, discuss various physical responses, like spontaneous and nervous fidgeting (Ravussin et al., 1986). In interviews, undergraduate honors students have indicated that they feel mental and physical symptoms, such as being jittery and antsy, with legs stretching out and twitching when deprived of movement (Stults-Kolehmainen et al., 2022a).

Criterion 6 (Consumption): Empirical evidence specifically connecting the constructs of need, deprivation, felt tension, and resulting behavior is lacking. However, motivation states to move (i.e., desire, want, urge, craving), as measured by the CRAVE scale (Stults-Kolehmainen et al., 2021b), were associated with intentions to be active in the following 0–30 and 30–60 min time frames (Budnick et al., 2022).

Criterion 7 (Relief): With consumption (e.g., moving), there should be reductions in negative affect built up from deprivation. As one example, older adults who were released from restraints and allowed to move and exercise experienced reductions in agitation and arousal (Scherder et al., 2010).

Criterion 8 (Satiation and over-consumption): Excessive movement is associated with fatigue, soreness, pain, and alterations to locomotion, which may be construed as signals of satiation with movement (Stults-Kolehmainen and Bartholomew, 2012; Stults-Kolehmainen et al., 2014, 2016), but are not necessary for satiation to manifest. Satiation might be better indicated by alterations to motivation states. With a maximal treadmill test, desires to move dropped 24%, and desires to rest increased 74%, both of which were large effect sizes (Stults-Kolehmainen et al., 2021b). Evidence of satiation also comes from compensation studies, which show that when activity is very high, NEAT decreases (Garland et al., 2011; Westerterp, 2018). The formally constructed notion of exercise satiation is a recent development that has been typically applied to eating disorders (Barker et al., 2022) but likely also applies for healthy populations. My colleagues and I have coined the term “exertiated” to denote when a person feels satisfied and/or satiated with physical activity (see Table 1).

Criterion 9 (Lifespan development): Movement tendencies are observed even in the fetal stage and are considered predictors of infant health (Perry et al., 2022). Movement, muscle tone, and reflexes immediately after birth are likewise important. According to Bridges (1936), the drive to move rhythmically is exhibited in the first month of life, “General exercise and rest are the first noticeable forms of infant behavior,” the purpose being, “sensory exploration and utilization of the environment.” She notes that the “drive for locomotion” (ambulation) is exhibited at 12–24 months, and these drives are related to the need for more advanced exploration and exploitation of the environment. Rowland has commented extensively on drive for movement in children that wanes with adolescence (Rowland, 1998, 1999, 2016).

Criterion 10 (Homeostatic control): Movement varies systematically over the course of the day, week, and year (Beighle et al., 2008; Budnick et al., 2022). Recent data from adults monitored 6 times a day for 8 days indicates that motivation states to move are like a biorhythm for over 80% of people. In other words, the majority of individuals have a circadian curve for movement drive (Budnick et al., 2022), similar to eating and sleeping. See above for the related idea of “activitystat.”

Criterion 11 (Responsiveness to internal and external stimuli): Exogenous factors, such as daylight, caffeine, illicit drugs, prescription medications, and music, highly influence locomotion (Levitt et al., 1993; Hauser and Zesiewicz, 1997; Kaplan et al., 1997; Rabkin et al., 2004; Tucker and Gilliland, 2007; Stults-Kolehmainen et al., 2020a, 2022b). Internal stimuli, like joint pain in individuals with low back pain disorders, regularly propels them to fidget and shift their bodies, sometimes multiple times every minute, in order to relieve pressure and avoid discomfort (Dunk and Callaghan, 2010; Beitel et al., 2016). Psychological stress results in displacement behaviors, such as pacing and stroking one’s hair (Troisi, 2002; Mohiyeddini et al., 2013). A lack of stimulation or monotony may also result in activation of drive (Seli et al., 2014).

Criterion 12 (Approach and avoidance): Humans have an innate desire to move, particularly in youth, but they also have strong aversions for movement. For instance, when in the thralls of physical pain (e.g., in this case, before movement even starts) most people actively avoid movement – the extreme of which is kinesiophobia (Lundberg et al., 2006; Beitel et al., 2016; Glaviano et al., 2019; Stults-Kolehmainen et al., 2020a). Also, physical labor and exercise in vigorous intensities are sources of punishing sensations, which are in themselves drive to stop moving. However, physical work and its sensations can be conditioned to have less impact. Brown (1955) attempted to explain the interactions between drive (in this case, drive to stop moving and rest) and conditioning (e.g., to move more).


“Under some conditions, it might be predicted that the intense [and painful] proprioceptive stimulation and [fatiguing] muscular strain due to prolonged work should have drive-like effects [to stop and/or avoid movement]. But if an organism gets appropriately reinforced training, it can acquire a tolerance for the stimulative effects of repetitive muscular effort that is little short of astounding. Rats and pigeons can be trained to make hundreds of responses for a single bite of food if the percentage of reinforcement is high initially, and if the reduction in frequency of reinforcement with further trials is sufficiently gradual. In such instances, apparently, the stimulation accruing from a multitude of successive reactions does not function as a drive [to stop movement], since behavior, such as resting, though followed by the cessation of such [painful] stimulation, is not strengthened.”
 

Robinson and Berridge (2013) have demonstrated how aversive and punishing sensations can be transformed quickly into strongly desired stimuli via the activation of mesocorticolimbic circuitry, which ostensibly applies to physical activity as well.



Movement as a secondary drive

Primary needs and drives are distinguished from secondary needs and drives, the latter of which are not directly needed for survival but help to optimize survival. Secondary needs have also been referred to as “quasi-needs” (Marrow, 1977). Hull asserted that some reinforcing behaviors, like seeking money, are secondary drives (Hull, 1952). According to Baumeister and Vohs (2007), “Secondary or acquired drives are those that are culturally determined or learned, such as the drive to obtain money, intimacy, or social approval.” Bridges (1936) adds, “Any acquired habit is a drive to some extent,” which is influenced by development; “The primary drives become further differentiated and directed towards varying specific ends with increasing age.” It seems likely that some movement behaviors (e.g., structured exercise) fall within this category. It should be noted that in previous manuscripts, I have indicated that wants and desires for movement may be primary (i.e., want for movement itself) versus secondary (e.g., want to move in order to achieve something else; Stults-Kolehmainen et al., 2022b). For instance, one may feel antsy and want to move (i.e., a primary want or desire), or one may want a drink of water and thus feel urged to get up and go the kitchen (i.e., a secondary want or desire).



The influence of drive on behavior

How does drive influence behavior? Nietzsche provided one way of describing how drives impact action, which is concordant with the notion of incentive salience (Berridge and Robinson, 1998; Salamone and Correa, 2002). As described by Conrad (2021),


“The drives (1) identify features of the world as salient, (2) induce an affective response to that object [e.g., an urge or craving] that (3) justify a certain evaluation of the world consonant with that affective response, and (4) impel one toward a certain (set of) behavior(s). Put more parsimoniously, the drives are dispositional states that induce evaluative orientations.”
 


Hull’s formula

Hull (1943, 1952) was interested in creating precise formulas to predict behavior from drive, predicated on the idea of stimulus–response. In this case, the response was the “excitation potential” (SER) - the likelihood that stimulus (s) would result in response (r). His basic formula included: (1) drive strength (D), which was essentially the time of deprivation, and (2) habit strength (SHR), conditioned from repeated reinforcing trials (Martens, 1971). Later, other factors in his formulas included: (3) intensity of the stimulus triggering the behavior (V), such as light or a bolus of carbohydrate, and (4) incentive (the potential pleasure that the stimulus can provide; K). Further developing more complex models, Hull added: (5) any delay to acquire the stimulus, (6) reactive inhibition or satiation resulting from continued exposure to the stimulus, (7) conditioned inhibition that does not dissipate over time, and other factors, such as the “reaction threshold.” Importantly, the strongest responses are for stimuli that reduce tension (i.e., negative reinforcement) while also enhancing pleasure (i.e., positive reinforcement; Seward, 1956; Allen et al., 2017).

How this might apply to movement could be demonstrated in the following example. A child constrained to a desk will be conditioned to sitting (SHR) as part of adapting to schoolwork but will also freely engage in movement during recess. A lack of movement over the course of morning studies results in drive (D) – a motivation state. Approaching the hour of recess is a stimulus that will activate an anticipatory response (V), and the incentive of playing a fun game provides a powerful forecasted reward (K). Moreover, any delay in recess beyond the normal time will result in growing arousal and discomfort (i.e., tension). “Drive” here may be observed with physical manifestations of tension, such as fidgeting, pacing, swaying, shifting of the body, sweating, etc. This affect may be modulated, however, by additional training to sit still. The eventual engagement in play will, more than likely, swiftly result in reduced tension, as predicted by Hull (1952).



Drive reduction theory

Hull’s drive theory was not just a theory of how the organism responds to deprivation of needs (Hull, 1952). His Drive Reduction Theory was a paradigm of motivation, learning, and the development of habits. The organism is motivated to eliminate aversive feelings, which he later called cravings, and will behave to do so (Hilgard and Bower, 1975). In the case of hunger, it will feel peckish and will search for food (via movement) to reduce those pangs. Inevitably, the deprivation occurs again, and the organism repeats the behavior that previously reduced the drive, developing a habit. Importantly, reducing a sensation of drive was the principal reinforcement for human behavior (and not merely the attainment of pleasure, for instance).

Several criticisms of Drive Reduction Theory led to its relegation.

1. It is highly formulaic and unwieldy, and experimentation from Skinner provided cleaner experimental design (Skinner and Morse, 1958; Smith, 2000).

2. Not all human behavior has the goal of reducing tension. Clearly, humans are highly driven to attain pleasure (Young, 1966) and not just reduce arousal.

3. On the other hand, it is easy to observe contra-hedonic processes, in other words, pain seeking (Riediger et al., 2009).

4. Drive Reduction Theory was principally sidelined, however, because of observations that consumption of wanted and needed stimuli did not always result in reductions in drive and arousal.

To follow this last point, sometimes, there is increased arousal with consumption. A famous example is a person who leaves the comfort of sitting to ride a roller coaster – the sensation seeker looking for more tension (i.e., arousal) – not less (Brown, 1955). In the school recess example above, Hull’s theory, as modified by Brown (1955), predicts that the play will result in increased arousal. Since this time, sensation seeking has been well accepted (Babbitt et al., 1990a,b; Rhodes and Smith, 2006). More recently, the idea that “some like it vigorous” (Ekkekakis et al., 2005); in other words, some people prefer strenuous levels of activity and can readily tolerate high intensities. Importantly, it appears that Hull conflated the concepts of displeasure with arousal in his ideas about tension. In these examples, there will be strong reduction in negative affect (i.e., reduced sense of displeasure) and enhanced positive affect, as commonly observed in studies of exercise (Jones and Zenko, 2021). Consequently, Drive Reduction Theory has faded; nevertheless, the idea of drive has persisted because it aligns with observed data (Allen et al., 2017).




Affectively-charged motivation states and the WANT model

Can Drive Reduction Theory be rehabilitated and melded with the widely accepted Hedonic Theory? In his thorough critique of both frameworks, Seward (1956) acknowledged that, “Since the two theories are not strictly incompatible, it is possible to accept both. Indeed, the foregoing evidence strongly indicates that both drive reduction and incentive play a part in reinforcement.” Recent work has attempted to combine classic work on aspects of drive theory with hedonic theory and other recent frameworks of physical activity behavior (Brand and Ekkekakis, 2018; Stults-Kolehmainen et al., 2020a). I highlight the Wants and Aversions for Neuromuscular Tasks (WANT) model, which has been discussed extensively elsewhere (Stults-Kolehmainen et al., 2020a,b, 2021b, 2022a,b; Budnick et al., 2022; Filgueiras et al., 2022). In the WANT model, humans are motivated to reduce tension (as in Drive Reduction Theory) and to approach pleasure (as in Hedonic Theory; Young, 1966). Moreover, this model emphasizes the subjective feelings of wanting or desiring to move, which are called affectively-charged motivation states (ACMS). ACMS to move may be felt weakly, such as a want, or strongly, such as an urge or craving. Importantly though, while drive sensations (e.g., tense arousal), which are considered motivation states, are typically considered unpleasant, sensations of wanting to move may be experienced as pleasant. This is well documented, for instance, in the concepts of groove and swing (Janata et al., 2012, 2018; Stults-Kolehmainen et al., 2022b), which are the ability of music to stimulate pleasurable desires to move the body. Thus, ACMS and the WANT model incorporate affective tone. Interestingly, in a recent study, arousal was a stronger predictor of motivation states to move than affective valence (Budnick et al., 2022), and arousal and affective valence did not interact to predict ACMS (likely because the study was underpowered). Lastly, the WANT model includes dimensions of (A) Move versus Rest motivation combined with (B) approach and avoidance motivation (Skinner et al., 2009). In other words, there is also a drive to “not move” (see Criterion 12). Addressing both, Bridges (1936) comments, “[The child has] a tendency to arrestation of movement upon sudden extensive change or intense sensory impact. Accumulated experience makes of this reaction a drive to avoid the obnoxious and whatever threatens personal security,” and “Advantageous rest pauses between explorations.”



Problems with the concept of drive for movement

There are several serious challenges to the idea that bodily movement and exercise are basic needs resulting in drive processes. These have been addressed in other papers (Stults-Kolehmainen et al., 2020a, 2021b) but are worth extending in this current manuscript. To start, one might believe that movement is simply a bodily function, just like breathing, urination, or defecation – something organisms do that is devoid of motivation. However, one might make the case then that sexual behavior is simply a bodily function. Nonetheless, it is typically included as a drive - as it is essential for survival, at least as a species, but also because later in life progeny assist in extended care. In some sense, movement may be an even higher drive, a superordinate drive because it is necessary to acquire food, water and to engage in sex, etc. (the same case could be made for breathing). A second issue is that the drive to move is conflated with psychological drives, such as (a) the need for autonomy and independence (e.g., children learning to stand, walk), (b) as well as the needs for competence and productivity (e.g., attempts to accomplish things), (c) the need for social interaction (Tomova et al., 2020), and/or (d) the need for stimulation and sensation seeking (e.g., a need for thrills; Babbitt et al., 1990a,b; Watten, 1997; Rhodes and Smith, 2006; Ryan and Deci, 2007; Wilson et al., 2014). For example, conditions of being “cooped up” and “stir crazy” likely combine noticeable increases in the drive to move along with concomitant upticks in the drive for social interaction (Tomova et al., 2020). It is not within the scope of this manuscript to address this issue, but it could be the case that drives and wants are hierarchical, similar to the hierarchies delineated by Maslow (1943, 1987), Taormina and Gao (2013), or Sonstroem and Morgan (1989).


Does a drive to move need to exist?

A more significant critique could be stated as, “movement is just the means to the ends.” In other words, movement is not reinforced in itself, and people do not move just for the sake of moving. To put it differently, movement is merely instrumental or utilitarian. It is true that movement accomplishes many things for us– it is a means to an end. It accomplishes, up until the modern age, almost everything needed for sustenance. Through movement, we may acquire food, labor to produce goods, propagate, even shake our muscles to become warm (Garland et al., 2011). Moreover, movement allows us to not only exploit, but also explore our world (Butler, 1953; Inzlicht et al., 2014) and to remove obstructions in the process. As Bridges (1936) notes, humans have a “strong utilitarian drive for adaptive exploitation” – accomplished by our limbs. Consequently, one might conclude that it requires no reinforcement as well as no drive to energize it.



Would a [strong] drive to move do more harm than good?

As established above, movement is very useful, but it comes at a cost and must be counter-balanced. Humans also strive to “avoid undue expenditure of energy,” and “rest allows other interests to come into force and direct behavior” to allow “processes of organization and action planning or thought” to take place (Bridges, 1936). If movement was as lucrative as food or sleep, we may not stop, which would detract from other needs, mitigate adaptation and possibly be destructive to the body. Indeed, this is substantial risk for those with akathisia or exercise addiction/dependence (Lichtenstein and Jensen, 2016), and most well-trained athletes know the importance of balancing exercise and rest. Consequently, while classic drives have strong signals, like the drive for food (pangs or hunger) or the drive for sleep (tiredness), humans have developed relatively weak signals to move (as well as relatively weak signals to not sleep - e.g., when awakening). Furthermore, movement has been so instrumental and necessary for survival that strong signals to move were unnecessary. Up until the modern time, the drives for food, water, etc. (with their signals) were mostly sufficient to initiate and maintain necessary movement. Rather, we have strong signals to stop movement (i.e., pain and soreness). Nevertheless, the urge to rest is not simply a contra-drive in opposition to movement, but rather works in concert with it to maximize adaptation, an idea gaining greater ground (Stults-Kolehmainen et al., 2020a, 2021b, 2022a).



Appetite and appetence for movement

All of this being said, how do we rectify these issues with the fact that some people, and maybe many people, do move just for the sake of moving? Even when it is not necessary to move, people do it anyway. Likewise, people eat, rest, and have sex, even when there is no compelling need to do so, and there is no buildup of tension to release. These activities may all provide a source of pleasure, and engaging in them is not to just rid oneself of tension. However, it is generally agreed that movement and exercise are not highly pleasurable for most people, and aversions associated with movement may certainly be a large barrier for movement for some (McBeth et al., 2010). On the other hand, movement may not be a large source of aversive sensations either. With the balance of reinforcement at play, it might be concluded that movement is generally agreeable (Garland et al., 2011; Stults-Kolehmainen et al., 2020a). One can imagine that people have an “appetite” to move (Rowland, 1998), which has been called “appetence” (Ferreira et al., 2006). The drive and desire to move does exist, mostly because bodily movement is the vehicle by which we accomplish things, but it is regulated relatively without notice, usually only rising into awareness when it becomes disordered (e.g., Restless Legs Syndrome) or bothersome (with prolonged deprivation; Stults-Kolehmainen et al., 2022b) or when a person is specifically queried about it (Stults-Kolehmainen et al., 2020b, 2021b, 2022a).



If humans have a basic drive to move, why do not they?

This is a particularly vexing issue for some of those who are least active – middle-aged to older adults from WEIRD (i.e., Western, educated, industrialized, rich and democratic) populations (Henrich et al., 2010). One might argue that the need to move is a phenotype heterogeneously distributed across the population. I believe that a stronger argument, however, is again from Bridges (1936), who argues that drives are developmental and vary across the lifespan. It is obvious that most children have a strong drive to move. Easy is it to find a child that enjoys frolicking – engaging in playful movement, which is highly stimulating for growth, maturation and socialization (Stults-Kolehmainen et al., 2020a). Movement seems to be a strong drive from birth, peaking around the age of maximal physical development. In this regard, as one ages, the urge to move declines as it is less useful to develop the body and mind – there is a switch from an emphasis on development to maintenance and slowing down decay. In short, movement loses its “adaptive value” as one ages. Middle-aged and older people ostensibly experience diminished drive to move, and there is some evidence from a study that followed people for 2 years that the desire to move decreased with age (Stults-Kolehmainen et al., 2021b). It may also be the case that drive is attenuated through repeated pressure in childhood to remain still and control impulses (Seli et al., 2014). Observations such as these do not lead to a conclusion that there is no drive to move. Consider another basic drive – sex. Like movement - desire for sex varies across the lifetime. Children have apparently no drive for sex, and it ostensibly diminishes with age for most of the population. Simply put, just because children, the infirm and elderly have minimal libido does not mean that sex drive does not exist.

Drives are malleable to time and place - and certainly era as well. As with previous comments above, one should note that rapid technological advancement has changed the dynamics of desire, but not expunged them. As Bridges states (Bridges, 1936), a drive “undergoes processes of development and change of form in response to environmental condition.”

Changes may follow several routes. Drives can be counter-conditioned according to Hull’s (1943, 1952) basic formulas. For instance, children usually learn to sit and be still. Drives are also highly responsive to internal and external (i.e., endogenous and exogenous) environmental stimuli (Loewenstein, 1996). The modern, obesogenic world provides an overload of stimulation, but perhaps a lack of natural environmental stimuli (e.g., light, to which movement was ostensibly paired; Lake and Townshend, 2006; Wilson et al., 2014). Competing stimuli and drive may overpower (i.e., overtake) or overshadow (e.g., drown out) drive for movement. Alternatively, the need for movement may be satiated by digital movement stimuli provided in rich content from social media memes, short video clips, television, and video games (Rowland, 1998). The average person is also much larger than before (Wong et al., 2022), and this increased size is associated with aversions to movement, such as painful sensations in the joints, skin friction, and other nuisances (Speck et al., 2014; Purim et al., 2015).




Future research


Negative reinforcement

Rapid progress is being made in theory development for physical activity, exercise and sedentary behaviors. However, the dominant perspective at this juncture is on affect and the reinforcing power of pleasure (Ekkekakis and Zenko, 2016; Williams and Bohlen, 2019; Jones and Zenko, 2021). Emphasis is also placed on punishment (experience of pain) and aversions associated with exercise, typically above ventilatory threshold (Ekkekakis et al., 2005, 2011). Negative reinforcement is typically considered in terms of reductions in anxiety and depressed mood and the analgesic effect of exercise (for some people in some situations; Bartholomew et al., 1996, 2005; Busch et al., 2016). Rarely are the various sources of displeasure comprehensively included, however (Backhouse et al., 2007). In short, most models of physical activity motivation do not include basic drive, which may be a source of considerable displeasure, arousal, and tension for many people, particularly those who are healthy and younger, but also for those suffering from a wide range of conditions (Stults-Kolehmainen et al., 2022b). Future developments should consider all of these factors (see Table 2).



TABLE 2 Examples of sensations of tension that may result in physical movement.
[image: Table2]



Appetitive versus reflective desires

Future research should consider interactions between: (1) appetitive (e.g., hedonic-oriented) and reflective (e.g., cognitive) sources of desire (Williams and Bohlen, 2019), (2) need states versus appetence, (3) primary versus secondary drives/wants and, (4) the various primary drives. For instance, when satiated with food, individuals report lower desire to move (Budnick et al., 2022), which may be related to processes of digestion. Basic drive, however, is not dependent on appetite or reflection and is highly automatic; thus, it should be considered within the domain of automaticity and Type 1 behavioral processes (Brand and Ekkekakis, 2018). Lastly, could subjective feelings of drive to move be misattributed to other sources of tension? Feelings of being antsy (due to a lack of movement) could be attributed to external sources of stress, such as work anxiety.



Measurement

Measuring drive continues to be a challenge and varies with one’s definition of it (see above). The behavioral manifestations (e.g., locomotion) may be measured by direct observation (Galton, 1885) or with subjective (Seli et al., 2014) and objective measures of fidgeting, such as Nintendo Wii Balance boards (Seli et al., 2014). Tension, the result of deprivation (i.e., of movement) may be detected indirectly through tools that have been developed to measure affective valence (e.g., Feeling Scale) and arousal (e.g., Felt Arousal Scale). The transient want or need of movement (i.e., the subjectively felt motivation state) may also be measured with the CRAVE and ARGE scales, which have 13-item and 2-item versions (Stults-Kolehmainen et al., 2021b; Filgueiras et al., 2022). There is no known instrument to measure associated feelings (e.g., fidgetiness, restlessness, antsiness) and motor changes, such as trembling, shaking, raking of the limbs, etc. (Tiidus, 2008). Direct observation in the laboratory is sorely needed to witness and document these phenomena.



Mechanisms

These data should be combined with biomarkers likely associated with drive for activity, including orexin (i.e., hypocretin), leptin, testosterone, cortisol, dopamine, activity in the nucleus accumbens, ventral tegmental area and substantia nigra, vagal drive/HRV/RSA, genetics and the microbiome (Willerman, 1973; España et al., 2002; Salamone and Correa, 2002; Aoyagi et al., 2003; Furlong et al., 2009; Scheurink et al., 2010; Garland et al., 2011; Casper, 2022; Dohnalová et al., 2022). There is likely huge inter-individual variability in drive, which may be related to stress coping style, temperament, impulse control, personality, and other factors (Rhodes and Smith, 2006; Garland et al., 2011; Seli et al., 2014). Drive for specific types of movement, such as moving in short spurts, or for extended periods of time (Belke and Garland, 2007), may be associated with properties of muscle and may be conditioned as well.




Application


To research methods

The concept of drive might have general application for experimentation and data interpretation in exercise science. Frequently, study participants are asked to refrain from exercise before assessments and training protocols (Aoyagi et al., 2003; SantaBarbara et al., 2020) and/or to take time off from their normal routines (Stults-Kolehmainen and Bartholomew, 2012; Stults-Kolehmainen et al., 2014, 2016). This is ostensibly to ensure that participants have adequate energy, no muscle damage, and any effect of previous training is “washed out,” particularly in within-subjects, randomized cross-over trials (Ballmann et al., 2021). However, it should also be considered that depriving movement for individuals accustomed to physical activity results in increased drive or motivation state, perhaps with noticeable increases in arousal, desire to move, and alterations to locomotion (e.g., increased fidgeting, pacing). Therefore, researchers should be mindful of this effect, and ideally, attempt to monitor it as it may influence psychomotor measures. The current author recounts a presentation at a prestigious medical school involving so-called “exercise” in rodents, where a psychiatric researcher presented a protocol that involved depriving rats of their running wheels for several days - and then permitting them access to wheels to observe the effects of “exercise”. It may be more accurate to assert that such a protocol is a test of depriving movement as opposed to providing exercise, or perhaps both (Rhodes et al., 2003; Malisch et al., 2009; Garland et al., 2011). Such pitfalls could probably be avoided with careful design of experiments and appropriate timing of procedures.



To clinical practice

To reiterate, movement is a basic need and a primary drive, and loss of it may result in rapid decline of health. This is relevant for most of healthcare, but particularly true for surgery, where patients face extended time on the operating table (2+ hours) and days of bed rest. Various machines (e.g., “compression boots”) are useful to prevent some of the ill effects of inactivity (e.g., blood clots; Keith et al., 1992). Enhanced recovery protocols (e.g., ERAS) require early ambulation at regular intervals (Pędziwiatr et al., 2018). Patients who engage in this movement gain faster recovery, less pressure ulcers, shorter hospital stays, and fewer complications (Adogwa et al., 2017). There is also potential for pain analgesia and less agitation. In short, exercise is medicine (Pedersen and Saltin, 2015), and movement must be prescribed the same as the dietary regimen, pain management, and breathing/spirometry exercises.



To primary education

Children are most susceptible to the effects of drive, and potentially have the most to gain from movement. Classrooms should be designed to allow for greater movement, and lessons should incorporate physical activity, within reason (Bartholomew and Jowers, 2011). Sometimes small changes to lesson planning (e.g., writing, then reading) can help children to dissipate drive, while also enhancing learning (Elbow, 2004). The benefits of regular playtime and recess from studies are substantial (Ramstetter et al., 2010).





Conclusion

The concept of drive, or motivational energy, as a precipitator of human behavior is an old but re-emerging idea - providing a unique and rarely-considered perspective on physical activity engagement. Drive is the impetus, often automatic and unconscious, to attain needs and thus restore homeostasis - returning to optimal conditions of functioning. Drive states have certain properties, as demonstrated above, such as the experience of deprivation, then tension, consumption, relief and satiation. They are under a large degree of homeostatic control but are also responsive to environmental stimuli and conditioning, including dimensions of approach and avoidance. More practically, it may be operationalized as a motivation state, characterized by negative affect, arousal, and a desire to acquire a need. Older theories of behavior highlighting drive, such as Drive Reduction Theory, have been largely sidelined in favor of higher performing models. Regardless, one may argue that movement is a primary need for most humans, most notably in younger years, but perhaps continuing well into older age. Biological processes evolved in physical bodies that moved, making these functions optimized under such conditions. As such, the need for movement can provide a significant source of tension, the relief of which is negative reinforcement – potentially strengthening the physical activity response. This tension may be measured with the CRAVE and ARGE scales, new instruments developed to evaluate desires, wants, urges, and cravings for physical activity (Stults-Kolehmainen et al., 2021b; Filgueiras et al., 2022). Conditions of being constrained or otherwise deprived of movement may result in alterations in motivation states, along with stoked feelings of being antsy, fidgety, and restless, resulting in concomitant changes in non-exercise activity thermogenesis (NEAT). However, comprehensive studies have yet to be earnestly conducted in humans. Nevertheless, this conceptualization may be useful for generating new models of behavior, such as the WANT model (Stults-Kolehmainen et al., 2020a), which will boost our understanding of movement behaviors, including physical activity and exercise.
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Introduction: Motivation to be physically active and sedentary is a transient state that varies in response to previous behavior. It is not known: (a) if motivational states vary from morning to evening, (b) if they are related to feeling states (arousal/hedonic tone), and (c) whether they predict current behavior and intentions. The primary purpose of this study was to determine if motivation states vary across the day and in what pattern. Thirty adults from the United States were recruited from Amazon MTurk.



Methods: Participants completed 6 identical online surveys each day for 8 days beginning after waking and every 2–3 h thereafter until bedtime. Participants completed: (a) the CRAVE scale (Right now version) to measure motivation states for Move and Rest, (b) Feeling Scale, (c) Felt Arousal Scale, and (d) surveys about current movement behavior (e.g., currently sitting, standing, laying down) and intentions for exercise and sleep. Of these, 21 participants (mean age 37.7 y; 52.4% female) had complete and valid data.



Results: Visual inspection of data determined that: a) motivation states varied widely across the day, and b) most participants had a single wave cycle each day. Hierarchical linear modelling revealed that there were significant linear and quadratic time trends for both Move and Rest. Move peaked near 1500 h when Rest was at its nadir. Cosinor analysis determined that the functional waveform was circadian for Move for 81% of participants and 62% for Rest. Pleasure/displeasure and arousal independently predicted motivation states (all p's < .001), but arousal had an association twice as large. Eating, exercise and sleep behaviors, especially those over 2 h before assessment, predicted current motivation states. Move-motivation predicted current body position (e.g., laying down, sitting, walking) and intentions for exercise and sleep more consistently than rest, with the strongest prediction of behaviors planned for the next 30 min.



Discussion: While these data must be replicated with a larger sample, results suggest that motivation states to be active or sedentary have a circadian waveform for most people and influence future behavioral intentions. These novel results highlight the need to rethink the traditional approaches typically utilized to increase physical activity levels.
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Introduction

Levels of physical activity remain low and levels of sedentarism remain high despite substantial efforts to improve these behaviors on a national and global scale (1, 2). Sophisticated new models, such as the Affect and Health Behavior Framework (AHBF) (3, 4), Affective Reflective Theory of Physical Inactivity (ART) (5), the dual process model from Conroy (6), and the behavior change wheel (7) have all identified impulses and motivation states as potential targets for intervention. This is in line with the Research Domain Criteria (RDoC) from the National Institute of Mental Health that has prioritized identifying behavioral “elements” for further exploration (8). In this vein, the WANT model (Wants and Aversions for Neuromuscular Tasks) was recently developed to understand how motivation states for movement and sedentarism operate (9). This model indicates that they work loosely and asynchronously. For instance, one may be high or low in motivation for both physical activity and rest simultaneously, or one may have shifting motivation for movement but not rest. These changes which facilitate flexible and adaptive behavior in response to stressful situations (9). Furthermore, using the CRAVE scale (Cravings for Rest and Volitional Energy Expenditure) (10), it has been determined that motivation states to move and rest morph quickly in response to a variety of stimuli and situations, such as exercise or periods of sitting, with effect sizes in the moderate to large range (10–12).

A key question currently centers on how motivation states vary across the day and the pattern of that variation—linear, curvilinear, or random/chaotic. Motivation to move and rest might follow a circadian pattern (13), which may have a stronger level of influence on behavior than many other factors. These assertions are typically based on observations of rodents and other animals (13), but little is known about daily fluctuations in human motivation to move or rest. The primary source of information comes from clinical populations, including those with Restless Leg Syndrome (RLS), which demonstrate altered patterns of urges to move with a circadian pattern peaking just after bedtime (14, 15). In fact, the urge to move is the defining feature of this disorder. In terms of physical activity itself, there have been recent calls to understand movement and sedentarism from a 24-hour activity perspective (16). These behaviors appear to have diurnal variation for most people (17) with the majority of adults (ages 18–60 y) having a relatively consistent pattern of activity from 10am to 6pm and of rest typically occurring from 11pm to 6am (18, 19). A recent qualitative study with focus groups with 17 college honors students found that a major theme surrounding motivation states was “change and stability”. Some participants indicated fluctuations in the desire to move and rest on a moment by moment, hourly, and daily level (12), which was partially validated with quantitative data collected pre- and post-interviews.

Alternatively, changes in motivation may be due to more random processes related to shifting conditions. Resnicow (20) argued that processes of change in motivation are chaotic. He has argued for a more quantum perspective of behavior change, and suggested that “motivation arrives as opposed to being planned” (21), being often akin to a randomly-occurring epiphany. They may also happen when certain tipping points are reached, and this has been hypothesized by Inzlicht (22) in his assertion that motivation changes in conditions of feeling deprived or overly fatigued. A recent paper attempted to reconcile these various perspectives and subsume them within the construct of motivational drive (23). It is possible that all these processes are at play, and they work in tandem and not necessarily in direct opposition. Unfortunately, there are few data in humans to make any meaningful conclusions about how motivation to be physically active trends over time.

Another pressing issue is that motivation states have rarely been linked concretely to future behavior in healthy populations. Until such a link can be firmly established, there is limited usefulness for the concept of highly transient motivation states for physical activity. In clinical populations, such as those with RLS, anorexia nervosa and akathisia, the connection between urges to move and subsequent behavior is well established (14, 15, 24, 25). However, in healthy populations, where there are less bothersome sensations, the link has been largely ignored or even hypothesized to not exist (26). Despite this large gap in knowledge, there are data to support the idea that motivation states co-occur and precede behavior if there are no barriers for subsequent behavior. For instance, qualitative interviews identified that motivation states are the result of previous behaviors and also result in subsequent activity, especially when motivation is very strong, like an urge or craving to work out after having been inactive for a prolonged period of time (12). Further advancement in this area is sorely needed.

Unresolved at this time is whether motivation states are most closely aligned with factors like affect and emotion or to cognitive processes (e.g., deliberation, reflection) and more stable goals. Williams and Bohlen (26) opined that reflection is the primary component of desires for physical activity and exercise, further arguing against the idea that desires for activity might be hedonic or appetitive in nature. Nonetheless, it seems clear that desires and urges to move and rest may also be instigated by and related to a variety of feeling and emotive states, such as elation (9, 27, 28). This is further supported by qualitative data (12) and various models of emotion and motivation for physical activity, such as the AHBF (3, 4), which predict that motivation states are downstream byproducts of transient affect/feeling states. This has a long precedent, perhaps starting with Festinger and the idea that psychological dissonance is a motivation state in which people make efforts to reduce tension (29).

More recently, Kavanaugh (30) coined the term “affectively-charged motivation states” (ACMS) to typify motivation states that are felt with a negative or positive tension. For instance, when indoors and cooped up for long periods, one may feel antsy or fidgety and have a “pressing readiness” to move and be active (9). In response to pleasant music at a high beat rate, one might feel compelled to move the body, which is called “groove” (31). Taylor and colleagues (32) have argued that pleasure/displeasure and arousal/activation are foundational to motivation for activity and perhaps more so than reflective factors. They stated, “Physiological responses to exercise and their generalized core affective labels (i.e., states that vary simply on pleasantness and activation) are motivationally salient because they form the basis of desires that are often contrary to valued goals. Indeed, the central purpose of affect associated with afferent bodily signals is to motivate action” (33–35). In contrast to perspectives that focus mainly on hedonic valence, Brehm and Self (36) have focused on the interface between motivation states and arousal/activation in the prediction of effort. Their concept of the momentary magnitude of motivational arousal (MMMA) accounts for both the motive and the amount of effort a person is able and willing to expend on a task. [Interrelations between motivation, hedonic valence, and arousal are demonstrated in Figure 1.] Currently, no data link the experience of pleasure/displeasure and arousal/activation with motivation states for movement and sedentarism. However, Stults-Kolehmainen and colleagues (10) did find small to moderate associations with energy and fatigue, which indicates that such associations likely exist.


[image: Figure 1]
FIGURE 1
Theories of affect and motivation. In this illustration, affectively-charged motivation states (ACMS) (30) are the end product of interactions between the motive state (37), affective valence, and arousal (38). ACMS is a construct distinct but related to the ideas of motivational arousal (36), affect and the hedonic interface (39). A similar concept comes from Frijda (37) (States of Action Readiness), which proposes how ACMS result in motivated behavior.


To address the gaps in the literature discussed above, we used an Ecological Momentary Assessment approach (40), which is designed to capture snapshots throughout the day—in this case, urges to move and rest, arousal, affect, and behavioral intentions. This approach captures inter-individual variability and dynamic patterns of change.

We focused on the following research questions:


	1.Do movement and sedentary wants/desires vary across the day? If so, what is the pattern of change?

	2.Are there associations with pleasure and arousal, and do these interact?

	3.Do previous behaviors impact these wants/desires?

	4.Are these wants/desires associated with: (a) current body position (i.e., at the moment of inquiry, such as lying down, sitting, standing, et cetera), (b) current activities (i.e., eating, exercise, and sleep), and (c) intentions for health behaviors over the next few hours?



We hypothesized that there is a high degree of variability throughout the day but made no specific hypothesis for how those changes might manifest. We also hypothesized that previous behaviors would impact motivation states, and in turn, motivation states would be associated with current behaviors and intentions to be active. We lastly hypothesized that there would be an association between feeling states (including hedonic valence and arousal) and motivation states.



Methods and materials


Participants

Participants were 21 adults residing in the USA (mean age 37.7 y; 52.4% female, 29% people of color) who had complete and valid data.



Procedures


Subject recruitment

Thirty participants were recruited through MTurk, Amazon's crowdsourcing platform. To complete the assignment, participants had to reside in the USA and be at least 18 years of age for reasons of consent. The data collected on MTurk included participants' race, gender, time zone, state/region of residence, and typical wake up time and bedtime. The MTurk assignment then directed the participants to an informed consent on Google Forms, which included a link to a downloadable informed consent document, as well as a version that could be read on the form itself. Upon fully completing the study according to terms in the consent, participants were awarded $50 USD (see below).



Data collection

After submission of informed consent, participants were promptly emailed regarding when their first survey would be and further instructions on how the study would be conducted. This email included their own link to the main surveys on SurveyMonkey, where two types of surveys were given.


	A.The “PAST WEEK” type had two sets of motivation states questions:

	a.one set asking about motivation states “in the past week”, and

	b.one set asking about motivation states while the participant took the survey (“right now”).

	c.It also asked about Felt Arousal and Feeling “in the past week” and “right now”.




	B.The “NOW” type survey only consisted of questions pertaining to motivation and affective states at the current moment (“right now”).



Both surveys contained the 10 additional closed-ended questions asking about felt arousal (current), hedonic valence (current), sleep, eating, et cetera. Each participant took the first survey type (A) at the beginning and end of the study. Participants were instructed to take the second survey type (B) 6 times per day for 8 days and were encouraged to take the survey once after waking up, once before going to sleep, and to spread the other four surveys apart throughout the day as much as possible. An Amazon Web Services EC2 instance was used as an email bot to remind participants to take surveys. Each participant was emailed six times throughout the day with their survey link and a reminder to spread the surveys apart and to take one after waking up and one before going to bed.

To be deemed eligible for the $50 payout, certain standards had to be met by each participant: (1) no less than 45 surveys submitted, (2) both “past week” CRAVE surveys submitted (Type A), (3) each survey took at least 30 s to complete (45 for Type A surveys), (4) no less than 3 surveys were submitted on a particular day, and (5) surveys were spread out across the day, i.e., surveys should not be submitted more than once in a particular 1-hour period. We chose the benchmark of 45 surveys because this would result in between 5 and 6 surveys per day. This would ensure that we received observations throughout each day for all 8 days.

All data was collected between July 2nd, 2021, and July 11th, 2021, with the majority of data collected between July 2nd, 2021, and July 9th, 2021. Around 1,400 surveys were collected, and 1,031 surveys were used for the study from 21 participants with complete and valid data. Participants submitted an average of 49.1 surveys per person (SD = 1.41, range = 46–51).



Instrumentation

CRAVE scale: Levels of motivation states to move and rest were self-recorded and submitted by participants using the Cravings for Rest and Volitional Energy Expenditure (CRAVE) Scale, a 13-item questionnaire consisting of statements regarding physical activity and sedentarism attached to 11-point Likert items. A subset of five items regard physical activity, e.g.,: “At this very moment, I want/desire to move my body”. Another subset of five items regard sedentarism, e.g.,: “At this very moment, I want/desire to just sit down”. The last three items are filler items that are not used for analysis. For each item, a participant would assign a number from zero to ten showing their agreement with the statement at the moment of taking the survey (“right now”). Scores for both subscales range from 0 to 50 with very high scores theoretically representing strong urges or cravings to move or rest. Participants also completed the “past week” version of the scale twice, which retrospectively assessed motivation states for the week before the study and the week during the study. These scales have excellent psychometric properties, as assessed over a series of 6 studies (10, 12). For the remainder of this paper “Move-NOW” and “Rest-NOW” refer to scores of the right-now version of the CRAVE scale. Concordantly, the terms “Move-WEEK” and “Rest-WEEK” refer to the scores of the CRAVE scale that assess motivation retrospectively over the past week.

Feeling Scale (FS): Affective valence (pleasure/displeasure), as conceptualized from the Circumplex Model, was recorded with the Feeling Scale (41). This is a single-item, 11-point bi-polar measure ranging from −5 (very bad) to +5 (very good); 0 represented neutral. The FS exhibits correlations ranging from .52 to .88 with the valence scale of the Self-Assessment Manikin (SAM) (42); and from .41 to .59 with the valence scale of the Affect Grid (AG) (38). Affective valence is an effective measure of pleasure/displeasure during exercise (43, 44).

Felt Arousal Scale (FAS): Activation/arousal was recorded with the Felt Arousal Scale of the Telic State Measure (45). This is a single-item self-report measure used extensively in exercise research (44, 46, 47). This 6-point scale ranges from 1 (low arousal) to 6 (high arousal). Correlations of the FAS with the SAM arousal scale range from .45 to .70. Correlations with the arousal scale of the AG range from .47 to .65.

Health behaviors over the last two + hours: Recent eating, sleeping, and exercise behaviors were assessed with three similar multiple-choice questions, with options indicating actions done 0–30 min ago, 30–60 min ago, 1–2 h ago, and 2 + hours ago. Eating had the additional option of “I am eating right now” and exercise had additional options of “I am exercising right now” and “I haven’t exercised yet today”.

Health behavior intentions for the next two + hours: Future eating, sleeping, and exercise intentions were assessed with 3 multiple choice questions, asking when participants next planned to sleep, eat, and exercise. Options included “in 0–30 min”, “in 30–60 min”, “in 1–2 hours” and “in 2 + hours”. For exercise, there was an additional option of “I am not going to exercise for the rest of the day”.

Body position: Body position was recorded with a multiple-choice list of lying down, sitting, standing (while leaning on something), standing (upright, not leaning), walking, exercising (other than walking), and other (please specify).

Bathroom Urge: Additionally, participants recorded how much of an urge they felt to use the restroom at the end of the survey on a Likert scale of 1–5. The urge to urinate is highly related to desires to move, which can confound data. It also was used as an indicator of any problems with the other data.



Data analysis

To provide evidence bearing on the research questions outlined above using longitudinal data, we utilized hierarchical linear modeling (HLM, multilevel modeling) with observations (Level 1) nested within participants (Level 2). This resulted in 1,031 observations nested within the 21 participants with complete and valid data. We followed the recommendations of Raudenbush and Bryk (48). Thus, we first computed an intercepts only model to ensure that subsequent models provided a better fit to the data. Concerning CRAVE move scores, the intercepts only model showed that CRAVE scores significantly differed [b = 17.71, p < .001, CI95% (15.68, 19.73)] in the absence of any predictors. Between participant differences accounted for 12% of the observed variance in CRAVE move scores (ICC = .12). Similarly, CRAVE rest scores significantly differed in the intercepts only model [b = 21.43, p < .001, CI95% (18.01, 24.85)] and showed more between subject variability (22%, ICC = .22) than observed for CRAVE move scores.

For each model containing a Level 1 predictor, we evaluated both random intercepts and random coefficients models retaining the model that provided the best fit to the data. To ensure concise reporting all model information is presented in relevant tables and text simply describes the nature of the observed relationships. All analyses were computed in R (version 4.1.2 [2021-11-01] (49) using the LME4 package (50), which incorporates Satterthwaite's degrees of freedom method (51). When using CRAVE scores to predict binary behavioral intentions, we used the general linear model (glmer) and specified the binomial family of distributions, which is appropriate when conducting binary logistic multilevel models on binary outcome data. Of note, odds ratio values less than one indicate that an increase in the X variable results in a decrease in the Y variable, and for odds ratios greater than one an increase in X corresponds with an increase in Y. The odds ratios also indicate the likelihood of an increase in Y given a one unit increase in continuous X. For example, CRAVE move scores significantly predict whether one intends to not stand (0) or stand (1). We observed an odds ratio of 1.05. This indicates that for every one unit increase in CRAVE move scores the likelihood of intending to stand were 1.05 times higher compared to not intending to stand.

Longitudinal data was also analyzed with Cosinor analysis to determine if participants had a circadian waveform. This analysis assumes either a normal or gamma distribution for outcomes. Cosinor parameters include mesor, acrophase, amplitude, nadir, and a test for rhythmicity. Such an analysis has been used for diurnal variations in heart rate and sleep (52), salt sensitivity in hypertension (53), peak expiratory flow in COPD (54), blood cardiac troponin T concentration (55) and others. Each participant's data was analyzed separately per the method developed by Doyle et al. (52). If either beta value was significant (p < .05), it was considered a circadian curve. Data was visually inspected with predicted curves for verification.





Results

Means, standard deviations, and correlations between outcome variables for baseline and the final day are presented in Table 1. Collapsed across all measurement periods, the mean (SD) for Move-Now was 17.74 (SD = 12.97) and for Rest-NOW was 21.35 (SD = 16.25).


TABLE 1 Correlation matrices demonstrating associations between CRAVE factors with pleasure/displeasure and arousal/activation, both as measured “right now” (A) and “over the past week” (B).

[image: Table 1]


Do movement and rest wants/desires vary across the day? How do they vary?


Hierarchical linear modelling

To determine the influence of time on CRAVE move and rest scores we regressed the linear, cubic, and quadratic trends of time on CRAVE scores while allowing intercepts to vary across participants. When considering CRAVE move scores, we observed significant linear [b = .024, p < .001, CI95% (.012,.035)] and quadratic time trends (b = −0.0000000054, p < .001, CI95% [−0.0000000081, −0.0000000027]; the cubic time trend was non-significant (p =.49). CRAVE move scores increased from 0000 h until 1500 h and decreased from 1500 h to 0000 h (Figure 2A). As shown in Figure 3, this pattern was consistent when both collapsing across days and examining individual daily recordings.


[image: Figure 2]
FIGURE 2
Linear and quadratic associations of time with motivation states to move (A) and rest (B). Note that on initial inspection, these figures seem to be perfect mirrored images—which suggests that Move and Rest desire are measuring either end of a singular construct. However, looking closely at the colors reveals that the rank order shifts across participants, and there is a smaller correlation between Move and Rest than at first glance.



[image: Figure 3]
FIGURE 3
Predicted changes in move motivation states over 8 days.


Time also showed significant linear (b = −.030, p < .001, CI95% [−0.044, −0.017] and quadratic trends [b = 0.0000000051, p = .002, CI95% (0.000000018, 0.0000000083)] on CRAVE rest scores. Examination of Figure 2B indicates that CRAVE rest scores decreased from 0000 h until 1500 h at which time they increased from 1500 h until 0000 h. This pattern also occurred both when collapsing across days and examining daily variation (see Figure 4).


[image: Figure 4]
FIGURE 4
Predicted changes in rest motivation states over 8 days.




Cosinor analysis

Cosinor analysis found that 81% of participants had a circadian curve for Move and 62% had one for Rest. See Figures 5A,B for examples of these analyses for participant 17. Thus, both CRAVE Move and Rest scores appear to vary across the day and exhibit a quadratic pattern where scores increase or decrease early in the day and then begin to reverse during mid afternoon.


[image: Figure 5]
FIGURE 5
Example cosinor analysis for participant 17 for move (A) and rest (B) over 200 h.





Is there an association with pleasure?


Move

At Days 1 and 8, Move-NOW correlations with pleasure (assessed “now”) were small (Day 1: r = .18, Day 8: r = .19).

The random coefficients model best fit the data when using pleasure to predict CRAVE move scores (X2[2] = 62.29, p < .001) with approximately 28% of the variance due to participant clustering (ICC = .28). For each unit increase in felt pleasure right now, CRAVE move scores increased 3.38 units [b = 3.38, p < .001, CI95% (2.40, 4.37)]. Importantly, this result was similar even when controlling for linear and quadratic time trends [b = 2.96, p < .001, CI95% (2.17, 3.76)].



Rest

At Days 1 and 8, Rest-NOW correlations with pleasure were small to moderate (Day 1: r = −.38, Day 8: r = −.58).

Similarly, the random coefficients model presented the best fit to the data when predicting CRAVE rest scores from felt pleasure right now [X2(2) = 49.74, p < .001] with between subject clustering accounting for approximately 27% of the variance (ICC = .27). For each unit increase in felt pleasure right now, CRAVE rest scores tended to decrease by 3.91 units [b = −3.91, p < .001, CI95% (−5.02, −2.81)]. This finding also held even when controlling for the linear and quadratic time trends [b = −3.41, p < .001, CI95% (−4.31, −2.51)]. Therefore, pleasure felt in the current moment explains unique variance beyond that explained by the time trends in CRAVE move and rest scores.

These finding suggest there is a relationship between pleasure, and both CRAVE Move and Rest scores. Specifically, as felt pleasure increases Move scores increase, and Rest scores decrease.




Is there an association with arousal?


Move

At Days 1 and 8, Move-NOW correlations with arousal/activation (assessed “now”) were moderate (Day 1: r = .54, Day 8: r = .78).

The random coefficients model exhibited the best fit to the data [X2(2) = 80.72, p < .001] with between-subject effects accounting for 28% of the variance in CRAVE move scores (ICC = .28). In this model each one unit increase in felt arousal right now predicted a 6.39 unit increase in CRAVE move scores [b = 6.39, p < .001, CI95% (5.03, 7.74)]; these results remained consistent [b = 5.47, p < .001, CI95% (4.26, 6.67)] even when statistically accounting for any potential influence of linear or quadratic time.



Rest

At Days 1 and 8, NOW correlations with arousal/active were small (Day 1: r = −.35, Day 8: r = −.35).

When examining CRAVE rest scores, results suggest that the random coefficients model best fit the data [X2(2) = 69.09, p < .001]. Between-subject clustering accounted for 39% of the variance in CRAVE rest scores (ICC = .39). For each one unit increase in felt arousal right now, CRAVE rest scores tended to decrease by 6.49 units [b = −6.4, p < .001, CI95% (−8.14, −4.84)]. Importantly, these results held and were similar in magnitude [b = −5.35, p < .001, CI95% (−6.83, −3.88)] even when statistically controlling for both the linear and quadratic effects of time. Together these results suggest that despite an observed time variation in CRAVE move and rest scores, increased felt arousal uniquely increases CRAVE move and decreases CRAVE rest scores.

Thus, arousal does associate with both CRAVE Move and Rest scores in a similar pattern as observed for pleasure. As arousal increased Move scores increased and Rest scores decreased.




Do pleasure and arousal interact on CRAVE scores?

To explore whether pleasure and arousal present additive or multiplicative effects on CRAVE scores we next examined more complex models where pleasure, arousal, and their interaction term predicted CRAVE scores. Concerning CRAVE move scores, the random coefficients model provided the best fit to the data [X2(5) = 112.58, p < .001]. The results suggested additive effects such that both self-reported pleasure [b = 1.14, p = .011, CI95% (0.26, 2.02)] and arousal [b = 5.46, p < .001, CI95% (3.97, 6.95)] predicted increased CRAVE move scores. The pleasure and arousal interaction failed to achieve significance in this model [b = .13, p = .26, CI95% (−0.10, 0.36)].

When examining CRAVE rest scores, the random coefficients model also represented the best fit to the data [X2(5) = 73.33, p < .001]. In this model, increased pleasure [b = −2.14, p < .001, CI95% (−3.21, −1.07)] and arousal [b = −5.90, p < .001, CI95% (−7.69, −4.12)] predicted decreased CRAVE rest scores. The interaction term also failed to achieve traditional significance levels when examining the pleasure and arousal interaction in this model [b = .17, p = .26, CI95% (−0.13, 0.47)]. These results suggest that both perceived pleasure and arousal uniquely (additively) contribute variance when predicting CRAVE move and rest scores.

Our results do not suggest a pleasure by arousal interaction on CRAVE scores. Rather these results indicate that both pleasure and arousal additively influence CRAVE.



Do previous behaviors impact wants/desires for movement and rest?

To determine whether previous behaviors predicted CRAVE move or rest scores we examined several outcomes of relevance. For each of the analyses reported in the following, the predictor variable was coded 0 (an absence of that behavior) or 1 (engaging in that behavior). In-text discussion is centered on significant findings; however, full results for all predictor variables are available in Table 2.


TABLE 2 Previous behaviors predicting CRAVE move and rest scores.

[image: Table 2]

Participants who reported eating 1 to 2 h before the survey, not exercising on the survey day, exercising while completing the survey, sleeping 1 to 2 h before the survey, and sleeping over two hours before the survey also reported higher CRAVE move scores. Yet participants who ate over two hours before the survey, exercised over two hours before the survey, and slept zero to 30 min before the survey tended to report lower CRAVE move scores. As shown in Table 2, all other variables failed to contribute significant variance to predicting CRAVE scores.

Concerning CRAVE rest scores, eating during the survey, not exercising on the day of the survey, exercising during the survey, and sleeping over two hours before the survey each resulted in lower CRAVE rest scores. Eating over two hours before the survey and exercising over two hours before the survey resulted in increased CRAVE rest scores. All other predictors failed to explain unique variance in CRAVE rest scores. Overall, these findings suggest some past behaviors do influence both Move and Rest scores.



Do wants/desires for movement and rest impact future behavioral intentions? (multilevel logistic regression analyses)

As noted in the Data Analysis section, to determine whether CRAVE move and rest scores influence behavioral intentions, we entered both move and rest scores as predictors of the various behavioral intentions in binary logistic multilevel models (0 = absence of the behavior; 1 = presence of the behavior). We observed that for each unit increase in CRAVE move scores the likelihood of currently being in a standing position, currently walking, engaging in other exercise, exercising now, exercising 0 to 30 min later, exercising 30 to 60 min later, and sleeping over 2 h later were higher. Alternatively, for each unit increase in CRAVE move scores the likelihood of intending to sit during the survey, sleep 0 to 30 min later, and sleep one to two hours later was lower. We also observed that for each unit increase in CRAVE rest scores, the likelihood of lying down during the survey and to sleep zero to 30 min later were higher. Yet for each unit decrease in CRAVE rest scores the likelihood of intending to exercise one to two hours later, exercise over two hours later, and sleep over two hours later were lower. Overall, these results suggest that CRAVE scores likely can predict future behavioral intentions. See Table 3.


TABLE 3 CRAVE move and rest scores predicting body position, exercise and eating at the time of the surveys and future intentions to eat, exercise and sleep 2 + hours into the future.
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Discussion

The current data provide novel insights into the dynamics of motivation states for physical activity and rest—they vary diurnally, are influenced by recent behaviors (e.g., exercise, eating and sleep), and predict future intentions to be active. Importantly, this is the first study to demonstrate that the motivation to move and be sedentary in humans varies like a biorhythm. Using both hierarchical linear modeling (HLM) and Cosinor analysis, we found that desires/urges to move and rest followed a circadian pattern, with a peak around 1500 h for Move and a similar nadir for Rest. Also, for the first time, recent eating and sleeping were found to be associated with current motivation states to move and rest. Exercise was particularly related with these desires. In logistic regression models, motivation states to move and rest predicted current exercise and body position (e.g., standing, walking), which is what one would expect, thus providing additional validation of the CRAVE scale (10). More importantly, motivation states predicted intentions to exercise and sleep in the near term (i.e., 0–2 h). Of note, this is the first study to make this conclusion in a healthy population. Lastly, feeling states were associated with desire to move and rest, with arousal/activation having nearly twice the influence as pleasure/displeasure. These data compliment and augment what we have found from 7 previous studies investigating motivation states—specifically, people have transient desires to move and rest that are influenced by previous behaviors (9–12, 14).

The major finding from this investigation was that motivation states vary in a manner that is like a circadian curve. Cosinor analysis found that 81% of individuals had a circadian curve for Move and 62% for Rest. Why Rest was lower is difficult to explain but may be due to the dysregulated sleeping patterns commonly found today (56). Many biological variables are under circadian control, including cortisol (with a peak 30 min after awakening), blood pressure, sex hormones (e.g., testosterone peaks in the afternoon), growth hormone (e.g., covarying with REM sleep), body temperature, and other biomarkers (57–60). Positive and negative affect (61), as well as sensations of energy, fatigue, and pain, have also been found to vary in a circadian manner, for some individuals (59). Some researchers have emphasized that changes in motivation are due to random factors (20) or may be more functional, such as in deprivation and satiation models (62), or toggle between states of exploration (i.e., leisure) and exploitation (i.e., labor), as in the Elaborated Process of self-regulation (22). Our data could be complementary with these models, but they largely suggest that motivation states are highly influenced by diurnal factors. See Stults-Kolehmainen et al. (12) for greater discussion.

Recent (i.e., 0–2 h) exercise and sleeping behaviors were associated with motivation states to move and rest in a very complicated set of associations. As one might expect, during exercise, desire to move was higher and desire to rest was lower, both by more than one standard deviation. Two or more hours after exercise, the opposite occurred (>½ standard deviation for both). Between these times, there was no association. This pattern may be due to differences in the transient feelings that follow exercise. Some have an exercise afterglow with a bout of exercise, while others are fatigued (63); numerous interpersonal and exercise-related factors likely have an influence on motivation (64). For sleep, it was clear that recent awakening was associated with less desire to move and more to rest, which conforms to what is known about sleep inertia (65). The reverse was true two hours after awakening. These data are concordant with previous investigations that periods of heightened movement and rest result in changes in desire to move (10, 12). In these studies, however, we found that maximal exercise had an immediate and large impact on motivation states (i.e., Move decreases, Rest increases), and periods of prolonged sitting resulted in small to moderate increases in the desire to move. Further studies should elucidate how different exercise modes and intensities may modulate these changes.

Eating was associated with the desire to move and rest—also in a complicated fashion. First, Move and Rest motivation states were associated with current eating behavior– which is slightly counter-intuitive as it seems like one would not want to be moving during eating. There are various explanations for this observation. First, in the modern era of multi-tasking, feeding times are frequently utilized to watch media (66), complete various chores and responsibilities, and prepare for upcoming important tasks (67). Second, there may simply be greater energy availability from ingesting nutrients, spurring motivation. Nevertheless, digestion is a process that takes time, which is a counterargument. Third, some data demonstrate that demonstrate that even a simple rinse of carbohydrate in the mouth is sufficient to spur effort for movement, perhaps by activating motivation centers of the brain (68). Fourth, the simple movements of lifting the hand to the mouth during eating might be construed as relevant by some participants. Indeed, participants in former studies have indicated this (12). Interestingly, having eaten 1–2 h ago was associated with greater desire to move, but 2 + hours was associated with less. Again, this might make sense from the standpoint of digestion and blood glucose kinetics and autonomic responses during digestion (69). There might be an optimal period of energy availability, which would promote greater desire to move. It also seems to align with advice with various sports nutrition experts that meals should be timed appropriately before a workout (70) depending upon the individual need of nutrients and the exercise demands. Further research is warranted on this issue given the complexity of these factors and their potential interactions.

Current body position and future health behavior intentions (for exercise and sleep) were predicted by motivation states to move and rest. There was a clear pattern of influence of motivation states to move on position of the body. Sitting was associated with lower Move scores. Standing, walking, and exercise were associated with higher Move (in that order). Lying down, on the other hand, was associated with greater Rest. Importantly, current exercise and future intentions for exercise up to 1 h was predicted by Move, with exercising at the time of the survey associated with the strongest desire to move, as one might expect. Intentions for behavior greater than 1 h in advance were not associated with Move and Rest, with the exception of plans to sleep > 2 h, which were associated with greater Move and less Rest desire. Log odds in the logistic regression indicate that a one-point increase in motivation to move was associated with a 1.10 times (53%) greater likelihood of intending to exercise in the next 30 min and a 1.08 times (52%) greater likelihood of intending to move in the next 30–60 min. Finally, neither desires to move nor rest predicted future eating intentions—a behavior most closely linked to the desire for food (67).

The current study provides additional evidence of the validity of the concept of ACMS for movement and rest, and for the WANT model of motivated behavior for physical activity. These postulates were supported: (A) that desires are separate, (B) they are highly transient, (C) they change based on previous behaviors, (D) they work loosely and asynchronously, and (E) they differ from emotions and psychosomatic sensations. Each are explicated below.


	A)As with previous studies (10–12), there were moderate correlations (−.68, −.55) between desires to move and rest/be sedentary.

	B)There were significant linear and quadratic effects of time on Move and Rest scores, indicating steady change across the day.

	C)Eating, sleeping and exercise behaviors all influenced subsequent CRAVE assessments.

	D)The differential influences of motivation states for movement and rest on health behaviors, particularly exercise and sleep, provide some support for the tenet that ACMS work loosely and asynchronously. While we found no evidence that they were totally concordant (e.g., desires to move and rest changing the same direction), there was evidence that body position and exercise behavior had varying influences on the desire to move or rest.

	E)Motivation states were associated with both pleasure/displeasure and arousal (activation). Furthermore, activation had nearly twice the influence of feeling states. Our previous studies have found that motivation states are also related to perceived energy and fatigue (10). These data appear to support the idea that motivation states have a strong affective component, which may be felt as tension, and have been called affectively-charged motivation states (ACMS) (30). Perhaps it's worth noting that while a substantial portion of the variance was explained by affect and arousal, there was substantial variance in CRAVE move and rest scores at Level 2, the person level of analysis. This variance likely reflects the influence of individual differences (e.g., personality, trait move/rest preferences) that may modify the reported relationships—an avenue for future research (71, 72).



Motivation states likely derive from a variety of inputs, including: (1) a basic drive to move (23, 73), (2) necessity of movement to accomplish tasks (simple instrumental value), (3) reflection (26, 74), and (4) reward (75). These relationships may further differ based on individual traits.


Study limitations

Despite the novelty and importance of these data, there were some limitations. First, we did not screen for movement or sleep problems or diminished or excessive urges for movement and sleep, the so-called movement urge dysfunction disorders (MUDD) (14, 15). Furthermore, we did not assess movement and sedentarism with objective measures of exercise, physical activity, sleep, et cetera, nor did we assess for exogenous sources that may influence motivation states, like caffeine (76, 77), medication use (78), or environmental factors known to strongly affect motivation, like music (31). Unfortunately, little is known about participants' background (e.g., employment status, income, occupation, normal work hours, and overall health status), all of which may be relevant. For instance, nurses working third shift have altered physical activity patterns (79), have a larger body mass index, and frequently suffer from fatigue and declining health (80).

Additionally, the sample size at level two of our statistical models was n = 21. The current literature has yet to delineate clear guidelines regarding the optimal number of clusters required for a multilevel model to be considered adequately powered; suggestions range from as little as 10 clusters to as many as 50 or more clusters depending on model complexity, design, the number of observations within each cluster, and other considerations (81, 82). We had 1,031 observations at level one, and we did not test any level two predictors in our models. Given that person-level (level two) variance explained approximately 12% of differences in CRAVE-Move and 22% of differences in CRAVE-Rest scores in the absence of predictors, our models simply controlled for those person-level differences (allowed individual slopes to vary) to focus on the relationships among the level one predictor variables and CRAVE-Move and Rest scores. Future research could build on this work by examining person-level factors (i.e., individual differences, such as personality, need for stimulation, et cetera) that influence baseline CRAVE-Move and Rest score differences.

Still the current approach is valid given that modeling level two variance (accounting for unmeasured individual differences) is particularly important, especially when the numbers of clusters is small (83). Our models also used restricted maximum likelihood (REML) for estimation– a method shown to perform well even with 10 or fewer clusters (83–85). Thus, our statistical approach is consistent with recent suggestions in the literature for analyzing multilevel data with small level two sample sizes. Similar work examining the influence of variables nested within individuals across time appears in the literature and reports similar level two sample sizes as collected in this work (e.g., (83, 86, 87). Still, as with any research, future work collecting larger samples is necessary to further confirm these results and extend generalizability to larger and more diverse populations. We utilized two sophisticated analytic techniques, but each comes with their own limits, and there does not appear to be a perfect technique for the analysis of circadian data. For instance, the cosinor approach may be too restrictive for some individuals, as it assumes that the circadian pattern is always a cosine shape (19).



Future research

Future research possibilities have been extensively discussed in our recent manuscripts (9, 10, 12, 14), but regarding these data, several studies are suggested as follow ups.


	1.Examine whether motivation states predict actual physical activity and rest/sedentary behaviors with both experimental procedures in the laboratory and in natural settings.

	2.Understand why specific behaviors (e.g., eating, sleeping) seem to hold influence relative to others on motivation states.

	3.Determine the frequency of mismatch between desires to move and the ability to move, given modern environments that constrain movement.

	4.Compare the influence of avoidance motivation (e.g., aversions/diswants) on activity and rest, as depicted by the WANT model, in relation to approach motivation.

	5.Examine motivation and affective states during task (i.e., during exercise), which is now possible because single-item versions of the CRAVE subscales were recently developed in both English and Portuguese (11).

	6.Understand how motivation states fluctuate during recovery from exercise, because the experience of affect during this period predicts future exercise behavior (88).

	7.Calculate variations over other time frames, such as weekly, seasonally or annually (89).

	8.Conduct experiments to determine the relationship of CRAVE (motivation to move and rest) with biomarkers that also vary in a circadian pattern, such as sex hormones and cortisol.

	9.Understand whether various kinds of disease and disorders are associated with disrupted circadian rhythmicity of motivation states, such as Alzheimer's (90).

	10.Differentiate motivation states for various chronotypes, including larks (morningness chronotype) vs. night owls (evening chronotype), or alternatively, roadrunners (active in the afternoon), penguins (low overall activity), hummingbirds (high overall activity) and other proposed chronotypes (19, 61).

	11.Conduct just-in-time adaptive interventions (JITAI) (91) to maximize opportunities when people experience “CRAVE moments” (moments when the desire to move is high), and perhaps intervene to promote desires when they are low.

	12.Given the initial nature of this work, we did not conduct cross-lagged analyses of the data; however, future work should consider how CRAVE scores on one day influence important outcomes on following days.






Application

These data likely have real world application for the promotion of physical activity, exercise training and even workplace productivity. For those wishing to maximize the effectiveness of exercise, it may make sense to align training sessions with a time frame when motivation for movement is naturally high instead of attempting to generate motivation at times when it is lacking. For an average person, peak motivation to move is around 15:00 h, so it may make sense to exercise on the incline before the peak (∼14:00–15:00 h) so peak motivation coincides with the end of exercise. Working out >2 h after awakening may be sufficient, at least not close to bedtime. It also appears that motivation is higher in a window of 1–2 h after eating.

Desire to move is associated with higher levels of pleasure/lower levels of displeasure. More pertinently, higher levels of arousal/activation are associated with the desire to move to an even greater degree. This suggests that one strategy to improve motivation to move is by promoting incidental affect, hedonic tone and, perhaps, by energizing action. Psychological stress and poor mood are well-established barriers for physically active behaviors (12, 92–95). When faced with these situations, it would be helpful to connect individuals who are suffering with resources to help them cope, or to lower barriers elsewhere for initiating physical activity. It seems likely that many individuals are most motivated to move during the workday, and in the evening time motivation to move is diminishing—the time when most people attempt to go to the gym (96). Given this, it may make sense to promote movement in the workplace. Such a strategy may also improve workplace productivity (97). An intervention may be as simple as encouraging workers to stand up and move, which we demonstrated was associated with greater desires to be physically active (but not lesser desire to rest). While this is not a causal relationship, one might imagine that the simple act of standing up might promote desires to move, which can be taken advantage of later down the line. Qualitative data supports the ideas of inertia and momentum as strong forces impacting the desire to move (12). Finally, it is important to consider aspects of the exercise regimen, such as modality and intensity, which positively influence motivation for exercise by eliciting a positive affective response (98).



Conclusion

This is the first study to investigate the natural variation of motivation for movement and sedentary behaviors across the day, finding that desires to move and rest resembled a biorhythm. Individuals wanted to move the most around 3:00 in the afternoon, approximately the same time their desire to rest was at its lowest. As with our former investigations, recent behavior (over the last 2 + hours) appeared to alter motivation states. Specifically, in the case of recent exercise, we observed that motivation states to move decreased (and to rest increased) two hours after exercise, but there was no change immediately afterwards. Current body position and current exercise behavior was strongly predicted by desires to move and rest indicating that when people are actually moving or in a state of readiness to move, they want to move. To our knowledge, this is also the first study to investigate the role of motivation states on future exercise behavior. Importantly, motivation states to move and rest predicted intentions for exercise and sleep in the near term (0–60 min). While recent eating behaviors predicted desires to move and rest, motivation states did not predict future eating intentions. Finally, motivation states were associated with feeling states, particularly arousal/activation. Overall, these data provided support that motivation states may be affectively-charged, short-lived, impacted by recent behavior, and associated with intentions to behave, as predicted by the WANT model (9).
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Based on the framework of the self-determination theory, the present study aimed to test a predictive model in the Ecuadorian sports context by using autonomy support as a trigger, which was mediated by basic psychological needs and later by autonomous motivation. This procedure was used to predict the intention to be physically active and was carried out on 280 athletes from the province of Azuay (Ecuador) aged between 12 and 20 years (M = 15.28; SD = 1.71). Different scales were used to measure the perception of the interpersonal style of autonomy supported by the coach. The scales employed included the degree of satisfaction of basic psychological needs, motivation to practice sports, and intention to be physically active. A structural equation analysis revealed that perceived autonomy support positively predicted basic psychological needs, which in turn positively predicted autonomous motivation and, as a result, the athletes’ intentions to be physically active. It was concluded that coaches’ support for the interpersonal style of autonomy can benefit the development of basic psychological needs as well as autonomous motivation, which in turn can increase young athletes’ intentions to be physically active. Future research is also recommended to verify this predictive model and to encourage further experimental studies in which coaches promote autonomy support for athletes intending to increase their adherence to practising sports.
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1. Introduction

Regular physical activity and sports are beneficial for physical health and for the mental health of children and adolescents. However, a large part of the population is becoming less and less active due to changes in lifestyle patterns, the use of transportation, the increasing use of technology, changing cultural values, and urbanization (World Health Organization, 2018). Despite the possible advantages that can be obtained by practising sports, dropout rates indicate that half of the children and adolescents who start an activity end up quitting during the first 6 months (Molinero et al., 2011); hence the interest in studying variables that help improve the population’s intention to practice a physical activity. One of these variables is motivation, which denotes someone’s energy and direction as well as the persistence of and purpose behind their behaviors, including their intentions and resulting actions, thus placing itself at the center of the biological, cognitive, and social regulation of the individual (Deci and Ryan, 1985).

In order to understand motivation, Self-determination theory (SDT) (Deci and Ryan, 1985, 2000) is one of the most popular contemporary frameworks that describes the process through which it develops and how it influences human behavior and wellbeing. Deci and Ryan (1991) postulated that the regulation of human behavior could be framed in terms of autonomous, controlled, or lack of motivation. In SDT, autonomous motivation is defined as the participation in activities for the interest and satisfaction derived from the activities themselves (Hagger et al., 2014). This motivation consists of intrinsic (the individual performs an activity because it is fun and attractive), identified (the individual identifies with the value of the activity and has a predisposition to act), and integrated motivation (the individual finds the activity congruent with his/her values and interests). Embedded within SDT, the basic psychological needs are fundamental to increase a more autonomous motivation and for that, positive consequences (Vallerand, 1997). These basic psychological needs are autonomy, competence and relatedness. Autonomy can be defined as one’s need to experience a sense of willingness in one’s actions. Competence refers to one’s need to experience effectiveness in one’s interactions with the world. Finally, relatedness refers to a need for connectedness with significant others, satisfaction with the social world, and a feeling of being accepted (Ryan and Deci, 2017).

From this perspective, coaches should consider the importance of supporting the autonomy of their athletes since it can create a context in which athletes feel their decisions are voluntary (autonomy perception). It follows that their behaviors would take on a more intrinsic character at the motivational level (Ryan and Deci, 2017) and according to studies like Merino-Barrero et al. (2019) or Rodrigues et al. (2019) it could predict higher levels of the intention to continue exercising in the future.

This theory has been investigated through different studies in recent decades, including those related to sports, exercise, and physical education. For instance, some studies have attempted to predict the intention to be physically active through different variables such as the interpersonal style of the coach/teacher (Almagro and Conde, 2012; Expósito et al., 2012; Baena-Extremera and Granero-Gallegos, 2015; Fernández-Ozcorta et al., 2015; Moreno-Murcia et al., 2018; Cid et al., 2019; Trigueros-Ramos et al., 2019; Huéscar et al., 2020), the satisfaction of basic psychological needs of autonomy, competence and relatedness (Almagro and Conde, 2012; Fernández-Ozcorta et al., 2015; Franco et al., 2017; Rodrigues et al., 2020) and autonomous motivation (Lim and Wang, 2009; Méndez-Giménez et al., 2012; Cuevas et al., 2014; Franco et al., 2016; Rodrigues et al., 2019; Teixeira et al., 2020). Focusing particularly on the sports field and based on the importance of autonomy support teaching style from coach to athlete (Deci and Ryan, 1987), numerous studies have focused on this variable since it demonstrates high predictive power in relation to the satisfaction of the basic psychological needs (Isoard-Gautheur et al., 2012; Morillo et al., 2018; Pineda-Espejel et al., 2020).

Various studies have analyzed these variables separately since no studies in the bibliography have tested the SDT’s complete sequence—support for autonomy, basic psychological needs, and autonomous motivation—using intention to be physically active as the final variable.

For this reason, based on the SDT, this study aimed to test a model in relation to Ecuadorian athletes using structural equations where the predictive power of the perception of the coach’s interpersonal style was seen as supporting autonomy in terms of basic personal needs along with autonomous motivation and, finally, autonomous motivation to continue to be physically active in the future. It was deemed very important to assess the intention to be physically active in this age range because practising sports is usually interrupted by the start of higher education since in Ecuador many students do not have access to a public university and have to work to pay for their studies (Almagro et al., 2011). Following this, it was hypothesized that the interpersonal style of a coach that supports autonomy would predict the satisfaction of basic psychological needs, which in turn would predict autonomous motivation and, finally, the intention to be physically active.



2. Materials and methods


2.1. Design

This research corresponds to a cross-sectional explanatory design, meaning that an empirical study is considered alongside an associative strategy, where theoretical models are put together to test their integration into an underlying theory (Ato et al., 2013).



2.2. Participants

In the present study, the sample comprised 301 federated Ecuadorian athletes in the province of Azuay. The sample selection was a non-probabilistic type for the sake of convenience according to the subjects that could be accessed. After discarding the questionnaires that were not fully completed and applying statistical procedures to detect atypical cases and missing values, the final sample comprised 280 male (n = 153) and female (n = 127) athletes aged between 12 and 20 years, with the mean age being 15.28 (SD = 1.71).



2.3. Measures


2.3.1. Support autonomy

Support for autonomy was assessed using seven items belonging to the “Support for Autonomy Scale” developed by Moreno-Murcia et al. (2020). Participants had to answer questions about the interpersonal style of the coach in practices aimed at supporting autonomy (e.g., “offers different ways to perform a certain task”). The previously used statement was the following: “In my training sessions, my coach …” The scale corresponds to a Likert-type scale, with five response options from one (surely not) to five (surely). The internal consistency coefficients showed a value α = 0.75 and Ω = 0.76.



2.3.2. Basic psychological needs

The “Psychological Need Satisfaction in Exercise Scale” (PNSE) developed by Wilson et al. (2006) was validated for the Spanish context by Moreno-Murcia et al. (2011). The PNSE uses 18 items, six of which assess each of the following needs: competence (e.g., “I have the confidence to do the most challenging exercises”), autonomy (e.g., “I believe that I can make decisions regarding my exercise program”), and relatedness (e.g., “I enjoy camaraderie with my classmates because we exercise for the same reason”). The previous sentence started with “In my training …,” and the responses were collected on a Likert-type scale, whose score ranges from one (false) to six (true). Internal consistency demonstrated a value of α = 0.84, competence Ω = 0.84, autonomy α = 0.76 and Ω = 0.76, and relatedness α = 0.66, and Ω = 0.70. In addition, the Psychological Mediators Index (IMP) was developed by calculating the average of the three factors in a single dimension; the internal consistency was α = 0.79 and Ω = 0.81.



2.3.3. Autonomous motivation

The factors that make up autonomous motivation in the “Behavior Regulation Questionnaire in Sport” (BRQS) developed by Lonsdale et al. (2008) were validated for the Spanish context by Moreno-Murcia et al. (2011). Six factors from four items were used to measure general intrinsic motivation (e.g., “because I find it pleasant”), intrinsic motivation for knowledge (e.g., “because I enjoy learning new techniques”), intrinsic motivation for stimulation (e.g., “because of the pleasure it gives me when I am fully dedicated to this sport”), intrinsic motivation for achievement (e.g., “because it gives me satisfaction when I strive to achieve my goals”), integrated regulation (e.g., “because practising this sport is part of who I am”), and identified regulation (e.g., “because it is a good way to learn things that can be useful in my daily life”). The introductory phrase used was the following: “I participate in this sport …” A seven-point Likert scale was used, ranging from one (totally false) to seven (totally true). Following Williams et al. (1996), to analyze the data in the present work we unified the four dimensions of intrinsic motivation along with integrated regulation and identified regulation into a single dimension called autonomous motivation. The reliability of the variables for the athletes was α = 0.61 and Ω = 0.67 for general motivation; α = 0.78 and Ω = 0.77 for intrinsic motivation for knowledge; α = 0.71 and Ω = 0.72 for intrinsic motivation for stimulation; α = 0.75 and Ω = 0.76 for intrinsic motivation for achievement; α = 0.77 and Ω = 0.78 for integrated regulation; α = 0.67 and Ω = 0.69 for identified regulation; and α = 0.84 and Ω = 0.84 for the unified factor of autonomous motivation.



2.3.4. Future intention to be physically active

The questionnaire Intention to be physically active (IPA) was used by Hein et al. (2004) and validated for the Spanish context by Moreno et al. (2007). This tool comprises five items, e.g., “after graduation, I would like to be physically active,” that are preceded by a statement, in this case, “Regarding my intention to practice some physical sporting activity …” The answers are closed with a Likert-type scale whose score ranges from totally disagree (1) to totally agree (5). The reliability value was α = 0.75 and Ω = 0.77.




2.4. Procedure

This project was presented to the Azuay Sports Federation in Cuenca–Ecuador, from which permission was also requested. Contact was established with the managers, coaches, and monitors responsible for the participating federation through an informative meeting to inform them of the objectives of the project and request their collaboration and the approval of the representatives of the sports clubs. Underage athletes were asked for written authorization from their parents, guardians, or legal representatives, and once the relevant informed consent was obtained, information was given the athletes on how to fill out the questionnaires and resolve all doubts that may arise during the process. The instruments were administered with the researcher present to provide a brief explanation of the objective of the study, and the questionnaires were administered at the beginning of the training sessions in the different sports venues following a prior agreement with the relevant coach and without his/her presence. The anonymity of the answers was asserted. The time required to complete the questionnaire was approximately 15 min, and it varied slightly according to the age of the athletes. The design was approved by the Research Ethics Commission of the University of Murcia, code 3023/2020.



2.5. Data analysis

Following a reliability analysis of all the scales, the Mahalanobis distance was used to detect and eliminate atypical cases or those that did not follow a logical pattern in the set of variables. In addition, the skewness and kurtosis values were analyzed and considered adequate at <2 and <7, respectively (Curran et al., 1996). After eliminating 21 participants who did not meet these requirements, we again proceeded to the reliability analysis of Cronbach’s alpha and McDonald’s omega of the different scales and finally ended up with a total sample of 280 subjects. The McDonald’s omega was calculated following the recommendations of Hayes and Coutts (2020), who consider that this reliability analysis has been more feasible and more widely used in recent years since it works with factor loadings, which makes the calculations more stable and presents a greater level of reliability. The reliability coefficients revealed values for most of the variables above 0.70, a criterion considered acceptable for psychological domain scales (Nunnally, 1978). For the general motivation and regulation identified, the alpha and omega coefficients fell in the range between 0.60 and 0.70, which is also considered acceptable by authors such as Sturmey et al. (2005).

Since this was the first time these instruments were applied to a group of Ecuadorian athletes, a confirmatory factor analysis (CFA) was performed to test the factorial structure of each scale. The findings show that all the rankings exhibited were acceptable with significant factor loadings. Subsequently, the structural equation model was used while considering the same dependent and independent variables (Kline, 2011).

As for the analysis, the following absolute and incremental indices were calculated: Comparative Fair Index (CFI), Tucker-Lewis Index (TLI), and the Root Mean Squared Approximation Error (RMSAE), with their respective confidence intervals (90% CI). The following cut-off points were considered acceptable: CFI and TLI ≥0.90, and RMSEA ≤0.80, following various recommendations (Marsh et al., 2004; Hair et al., 2014). To calculate the direct and indirect effects between the constructs, a 95% Confidence Interval (95% CI) was used, with the CI being significant where zero was not included. Subsequently, the composite reliability coefficient (CR) was calculated while considering values greater than 0.70 (Bagozzi and Yi, 1988; Hair et al., 2014) and mean-variance extracted (AVE), which is satisfied if it is >0.50 (Fornell and Larcker, 1981); however, this criterion can be considered very conservative, and slightly lower values can be accepted (Hair et al., 2014). Finally, the measurement invariance between the two samples was reviewed according to gender, meaning that the configure, metric, scale, and strict invariance were evaluated (Byrne, 2016) while the CFI variation was taken as a criterion (ΔCFI < 0.01) (Cheung and Rensvold, 2002). All analyses were carried out using the statistical package SPSS 25.0 and Amos 23 (SPSS Inc., Chicago, IL, USA).




3. Results


3.1. Preliminary analysis and bivariate correlations

Table 1 shows the bivariate correlations between variables. All the variables were directly and positively correlated with each other (p < 0.001) except for the variable “interpersonal style of autonomy support” with the variable “intention of being physically active” (p = 0.52).


TABLE 1    Mean, standard deviation, reliability, and bivariate correlations of the study variables.
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3.2. Measurement model

Testing the measurement model involved addressing the autonomy-supportive interpersonal style, the satisfaction of basic psychological needs, autonomous motivation (intrinsic motivation, integrated regulation, and identified regulation), and intention to be physically active. Due to the low factorial loads of some of the items that made up the autonomy support scale, and with the intention to present a better fit of the model, the items that were included for the autonomy support factor were all included except 4, 9, 10, and 11. The results showed a good fit for the data [X2 = 194.326 (126); SRMR = 0.061; RMSEA = 0.044 (90% LO = 0.031, HI = 0.056); TLI = 0.932; CFI = 0.944].



3.3. Structural model

The structural model demonstrated a good fit for the data [X2 = 189.734 (118); SRMR = 0.058; RMSEA = 0.047 (90% LO = 0.034, HI = 0.059); TLI = 0.911; CFI = 0.932]. For the standardized direct effect (Figure 1), positive and significant associations were observed between all the constructs. Specifically, the association between an interpersonal style of autonomy support and the satisfaction of basic psychological needs (β = 0.42), autonomous motivation (β = 0.75), and autonomous motivation and the intention to be physically active (β = 0.35) were all significant, whereas the indirect effect of autonomy support to intention was β = 0.22 and of basic psychological needs to intention β = 0.06.


[image: image]

FIGURE 1
Standardized solution of the structural model of autonomy support, autonomy satisfaction, relationship and competence, autonomous motivation, and the intention to be physically active. All parameters are standardized and significant at p < 0.05.




3.4. Convergent and discriminant validity

Once the confirmatory factorial analysis was carried out, the resulting values of the factors were taken to calculate the convergent validity, thereby fulfilling the latter since all the saturations of the standardized factorial loads yielded values above the 0.50 criterion point. Meanwhile, Table 2 shows the composite reliability (CR) with values greater than 0.70, bar the value of basic psychological needs (0.461). The average variance extracted (AVE) was also evaluated and values above 0.5 were obtained, although the autonomy support style presented a somewhat lower value (0.354).


TABLE 2    Convergent and discriminant validity of the model.
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3.5. Factorial invariance according to gender

Since the structural model presented a good fit for the data, multigroup confirmatory factor analysis was used to verify its factorial invariance according to gender. First, the configured model (M1) was established and from this basis a series of nested models (M2, M3, and M4) were tested. As can be seen in Table 3, the first model (the M1 base model) did not present restrictions based on gender, thereby showing acceptable fit indices, which allowed for the examination of the configural invariance between groups based on gender. The existence of non-significant differences between the models meant that the constraints could assume invariance across groups. In M2, the factorial weights were restricted to being the same in both groups, and the fit indices were adequate. Therefore, the criterion of metric invariance could be assumed. The findings suggest that the factorial weights were invariant between groups.


TABLE 3    Measurement invariance of the model based on gender.
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In M3, the covariances between the factors were restricted to being the same between the groups, the fit indices of the model were not entirely adequate (ΔCFI > 0.01), differences existed in the covariances between the factors, and the scalar invariance criterion of accuracy could not be assumed. This implies that the strict invariance of the groups, measured through the residual measurement loads (M4), must also be ruled out.




4. Discussion

The objective of this study was to explore the predictive power that autonomy support has on basic psychological needs using a sample of Ecuadorian athletes, some of whom have autonomous motivation and/or autonomous motivation with the intention to continue to be physically active in the future. It was hypothesized that the perception of the coach’s autonomy-supportive interpersonal style would act as a positive predictor of the satisfaction of basic psychological needs, which would act as positive predictors of autonomous motivation, while the intention to be physically active would be predicted by the autonomous motivation.

In terms of the first postulate of the model, the results confirm the first part of the hypothesis, thus showing that the autonomy support given by coaches positively predicts the satisfaction of the three basic psychological needs in young Ecuadorian athletes, that is, competence, autonomy, and relatedness. These results have been corroborated in several investigations that have uncovered a positive relationship between autonomy support and the satisfaction of basic psychological needs, such as the case of Adie et al. (2008) in the United Kingdom with 539 participants who practiced different sports and trained an average of 7 h per week; the study by Álvarez et al. (2013) in Spain on 159 Spanish taekwondo athletes; the investigation carried out by González et al. (2015) into 434 Spanish soccer players who belonged to 24 different teams; and the study of López-Walle et al. (2012) in Mexico with 669 athletes from 18 different sports. Therefore, it has been highlighted that the coaches who interacted with their athletes while supporting their autonomy during practice allowed for greater satisfaction of each of the three basic psychological needs, as mentioned by the SDT postulates (Deci and Ryan, 1985, 2000). Huéscar et al. (2020) presented similar findings, indicating the presence of a positive and significant relationship between teacher-induced support for autonomy and the satisfaction of basic psychological needs in sports science students.

On the other hand, and following the sequence of the proposed model, the findings of the present study suggest that basic psychological needs are an essential ingredient for autonomous motivation since athletes who perceive this sequence obtain a greater degree of self-determined motivation. This has been corroborated by different studies from other investigations in the sports and Hispanic-Latino context, where the significant relationship between basic psychological needs and autonomous motivation, self-determined motivation, or intrinsic motivation has been demonstrated. This is the case in the Spain-based studies of Almagro et al. (2011), who analyzed 580 male and female participants who practiced competitive sports, and Balaguer et al. (2008), who studied 301 athletes of different modalities who practiced more than 4 days a week and had been competing for an average of 8 years. Along the same lines, a study was carried out in Mexico by Cantú-Berrueto et al. (2016) with soccer players who had been practicing the discipline for more than two and a half years, while the study by Teixeira et al. (2020) investigated 799 elite swimmers between the ages of 12 and 20 who had an average training experience of 8 years. Finally, in Spain and in the context of physical education, Valero-Valenzuela et al. (2021) carried out a study with a sample of 618 students and obtained results in line with those from the current study. From these results and those of the present study, the contribution of the coach to meeting the basic psychological needs of his/her athletes to achieve optimal autonomous motivation, as mentioned by Deci and Ryan (2000) in their well-known SDT, stands out.

From the third and last postulate of the studied model, it is evident that autonomous motivation is positively related to the intention to be physically active. This relation is of vital importance since in different sports environments motivation may be the most important factor for maintaining fitness in the future (Ryan and Deci, 2007). These statements coincide with the results obtained in various investigations, such as the studies by Almagro et al. (2010) mentioned above; Cid et al. (2019) on Portuguese students who practiced extracurricular sports; Fernández-Ozcorta et al. (2015) on Spanish participants who, as inclusion criteria, had to demonstrate their physical activity; and Lim and Wang (2009) on Singaporean students. Although a great novelty, it is noteworthy that to date no study has predicted the intention of athletes to continue to be physically active, a sequence that has been considered in the present study. If it has been investigated, it is from the opposite point of view, namely, in terms of how the frustration of basic psychological needs predicts the validity of SDT. Indeed, Rodrigues et al. (2019) analyzed athletes who went to gyms and health clubs and found that the frustration of basic psychological needs promoted more controlling motivation and a smaller intention to be physically active. Therefore, it is important to encourage the fulfilment of these three basic psychological needs in order to promote healthy habits and adherence to regular physical activity.

One of the limitations of this research is its cross-correlational nature and the fact that the relationships described do not indicate a causal relationship. Despite this, the study has the following strengths: the consideration of a large sample of federated athletes and the high level of reliability obtained from the instruments together with the adequate values of the predictive model. Consequently, the research provides important information concerning the study variables that stimulate the physically active practice of sport, which reduces problems such as obesity and sedentary lifestyles that are so relevant today. Ideally, longitudinal intervention research into coaches with experimental or quasi-experimental designs could be carried out as already described, such as those that have been carried out in the educational and sports fields in relation to teachers (Serrano et al., 2018; Moreno-Murcia et al., 2019). Similarly, interventions that encourage athletes to intend to continue being physically active have been proposed in other studies with different intervention variables (Martínez et al., 2016; Zamorano et al., 2021). Following the postulates of Vallerand (1997), studies have been proposed to find out if athletes, who are encouraged to support autonomy for a certain time and satisfy their basic psychological needs, develop more autonomous motivation and are physically more active than athletes who are not involved in the intervention group. New studies should also be carried out using different methodological designs, random sampling, and different age groups.



5. Conclusion

In conclusion, coaches’ support for autonomy is a fundamental aspect of autonomous motivation due to its relationship with basic psychological needs: these could act as mediators that increase autonomous motivation and thus produce an increase in the intention to be physically active. In short, it is important to focus on the training of coaches to provide them with strategies that favor autonomy support so that athletes can satisfy their different psychological needs, which can in turn motivate young athletes to increase their physical activity and commitment to sports in the future.
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Weight loss is a major motive for engaging in exercise, despite substantial evidence that exercise training results in compensatory responses that inhibit significant weight loss. According to the Laws of Thermodynamics and the CICO (Calories in, Calories out) model, increased exercise-induced energy expenditure (EE), in the absence of any compensatory increase in energy intake, should result in an energy deficit leading to reductions of body mass. However, the expected negative energy balance is met with both volitional and non-volitional (metabolic and behavioral) compensatory responses. A commonly reported compensatory response to exercise is increased food intake (i.e., Calories in) due to increased hunger, increased desire for certain foods, and/or changes in health beliefs. On the other side of the CICO model, exercise training can instigate compensatory reductions in EE that resist the maintenance of an energy deficit. This may be due to decreases in non-exercise activity thermogenesis (NEAT), increases in sedentary behavior, or alterations in sleep. Related to this EE compensation, the motivational states associated with the desire to be active tend to be overlooked when considering compensatory changes in non-exercise activity. For example, exercise-induced alterations in the wanting of physical activity could be a mechanism promoting compensatory reductions in EE. Thus, one’s desires, urges or cravings for movement–also known as “motivation states” or “appetence for activity”-are thought to be proximal instigators of movement. Motivation states for activity may be influenced by genetic, metabolic, and psychological drives for activity (and inactivity), and such states are susceptible to fatigue-or reward-induced responses, which may account for reductions in NEAT in response to exercise training. Further, although the current data are limited, recent investigations have demonstrated that motivation states for physical activity are dampened by exercise and increase after periods of sedentarism. Collectively, this evidence points to additional compensatory mechanisms, associated with motivational states, by which impositions in exercise-induced changes in energy balance may be met with resistance, thus resulting in attenuated weight loss.

KEYWORDS
 exercise compensation, exercise, physical activity, nonexercise activity thermogenesis, motivation, affectively charged motivation states, appetence, weight loss


Introduction

Individuals classified as overweight or obese represent over 70% of US adults and over 50% of adults worldwide, putting an increasingly large portion of this population at risk for a multitude of comorbidities including cardiovascular disease, diabetes, heart disease, and certain cancers (Williams et al., 2015; Chooi et al., 2019). Obesity treatment has therefore emerged as a prime focus of health care and a top concern among the general public. Recent reports indicate 41.5% of individuals are currently trying to lose weight, with 65% of these individuals using exercise as at least one component of their weight loss strategy (Santos et al., 2017). Unfortunately, weight loss from exercise alone is often less than expected (Thomas et al., 2012, 2015). For instance, an individual may exercise to expend 2,000 kcal per week for 15 weeks, to total 30,000 kcal of exercise energy expenditure, although this rarely produces a body mass loss equivalent to 30,000 kcal during this time. Typically, individuals “compensate” for a portion of exercise energy expenditure in an effort to maintain energy homeostasis, thereby attenuating weight loss (King et al., 2007). Maintaining energy balance can be viewed as an evolutionarily conserved mechanism in place to retain bodily energy stores and preserve reproductive function, a useful survival strategy in times of reduced food availability (Rosenbaum and Leibel, 2010; Wang et al., 2019). Thus, humans may have a drive to compensate for energy expended in exercise even though this response is not advantageous in our current obesogenic environment. This has been highlighted in recent studies demonstrating similar total daily EE among individuals with differing levels of physical activity (Pontzer, 2018; Careau et al., 2021).

The degree to which individuals compensate in response to exercise is still unknown but may vary depending on the exercise stimulus. Some evidence indicates that exercise interventions featuring a greater energy expenditure (EE) evoke a greater compensatory response (Rosenkilde et al., 2012), supported by the observed lack of differences in weight loss between groups exercising at 50, 100 or 150% of public health recommendations (Church et al., 2007) or at 14 or 23 kcal/kg/week (Kraus et al., 2002). This is likely due to greater exercise EE eliciting a greater acute energy deficit and thus a stronger compensatory response to maintain energy homeostasis. In this light, the traditional “calories in, calories out” model, where increasing energy expenditure should result in greater losses in body mass, does not hold. On the other hand, others have demonstrated no differences in energy compensation between groups expending 3,000 or 1,500 kcal per week, or between groups exercising 6 days vs. 2 days per week, with all groups compensating roughly ~1,000 kcal per week (Flack et al., 2018, 2020a). One reason for these contrasting findings may be due to the high degree of inter-individual variability observed in the compensatory response to exercise, which is not fully understood (King et al., 2012).

Equivocal findings may also be explained by the variety of compensatory responses, independently and collectively, working to attenuate an exercise-induced energy deficit, reducing the likelihood of expected weight loss. This concept of energy compensation with exercise was initially recognized over 40 years ago by leading behavioral science and nutrition researchers Len Epstein and Rena Wing who noted, “Exercise may stimulate the appetite so that persons who exercise increase their eating and do not lose as much weight as expected” (Epstein and Wing, 1980). This hypothesis has been a focal point of attention among metabolism researchers over the past several decades, with many citing the Law of Thermodynamics of Homeostatic Control which states that an energy deficit induced by exercise will be balanced by an increased drive to eat to maintain energy balance. However, this assumes that energy intake (EI) is the only response available to restore homeostasis. King and colleagues defined specific compensatory responses, including automatic and volitional types versus metabolic and behavioral types, for both sides of the energy balance equation–more commonly for energy intake (EI) but also for energy expenditure (EE) (King et al., 2007). All these factors appear to have a place in the phenomenon of energy compensation in response to exercise, but none have adequately explained weight loss outcomes. It may be that the effect of exercise on weight loss is predicted by a combination of the type, magnitude, and temporal profile of these compensatory responses. These responses are also very specific to an individual, where not only may the magnitude of compensation be different, but the proportion of energy compensated through EE vs. EI may be different between individuals.

Compensation for exercise-induced energy deficits can be categorized, as noted above, into behavioral or metabolic responses, that can be either automatic or volitional (King et al., 2007). An automatic compensatory response can be considered a biological inevitability and obligatory, that is, not under conscious control by the individual. Volitional compensatory responses, on the other hand, are those under conscious control by the individual, requiring deliberate action. Most behavioral responses are volitional, such as changing our eating behaviors to increase EI, although some may be automatic and not under one’s conscious control, such as decreases in spontaneous physical activity (SPA), reflecting an unconscious drive for movement (Brand and Ekkekakis, 2018; Stults-Kolehmainen, 2022). Metabolic compensatory responses are processes designed to protect against continued weight loss by reducing metabolic EE (often expressed as kcal/kg body mass). All metabolic compensatory responses are automatic, as an individual cannot deliberately alter metabolic processes to change energy expenditure (such as resting metabolic rate). In this example of altering metabolic energy expenditure, an individual may attempt to prevent losses in lean mass during weight loss by consuming a diet high in protein, which could prevent declines in total resting energy expenditure; however, when adjusting energy expenditure for body weight or lean mass, declines in metabolic energy expenditure still persist (Rosenbaum et al., 2003; Goldsmith et al., 2010). Additional examples of metabolic and behavioral compensatory responses and their classification (automatic vs. volitional) are listed in Table 1. Such metabolic and behavioral compensatory processes that defend against a negative energy balance likely go back to our hunter-gatherer days, when food was scarce, and a large amount of activity-induced EE was an obligatory behavior to get food (Chakravarthy and Booth, 2004). Of highest relevance to this review are the volitional, behavioral compensatory responses (e.g., food intake and decreases in non-exercise physical activity) that tend to be deliberate and driven by motivational cues. Processes of automatic motivation, however, are also of interest. Of course, each of these behavioral responses could manifest in several facets of each behavior. For example, EI is reflected by the volume, energy density, and/or frequency of food consumption, while behavioral EE alterations could be conceptualized as changes in exercise volume or intensity, sleep duration, amount of time participating in sedentary activities, or metabolic alterations that reduce resting and non-resting energy expenditure. For both EI and EE associated compensatory responses, the temporal signaling is of importance. That is, acute bouts of exercise could immediately induce EI and EE compensatory responses, before any changes in tissue stores occur (Flack et al., 2022). In the event of a prolonged, marked negative energy balance, a different set of signals could promote behavioral compensatory responses due to loss of tissue stores (e.g., glycogen, lean mass, and adipose tissue).



TABLE 1 Metabolic and behavioral compensatory responses as varying by automaticity and volitional behavior*.
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Hypothesis – Motivation as a behavioral compensatory mechanism

It is generally accepted that increases in EI present to counter an exercise-induced energy deficit, although less is known regarding how changes in non-exercise, volitional EE present to counter this deficit or the mechanisms behind this response. In the search for underlying mechanisms that may drive energy compensation for exercise EE there has been a re-emerging interest in the study of motivation and how it relates to energy balance. Homeostasis of energy balance, including eating (Ferrario et al., 2016) and physical activity, are related to strong motivational factors (Stults-Kolehmainen et al., 2020; Budnick et al., 2022). These are generally controlled by two different systems, a homeostatic system and a hedonic system (Hussain and Bloom, 2013). Some factors are automatic and unconscious or barely noticeable (Ferrario et al., 2016); others, such as hunger, appetite and cravings, are perceptible and often even impossible to ignore (Hussain and Bloom, 2013). While all of these have been investigated for a considerable amount of time (Blundell and Cooling, 2000; Blundell et al., 2010), there is a new science of understanding them as a class of sensations – affectively-charged motivation states (ACMS) (Kavanagh et al., 2005). ACMS include urges, desires, and wants – basic intermediaries for motivated behaviors, such as eating, but also exercise and movement. Nevertheless, while these factors have been explored extensively on the EI side of the EB equation, they have not been commonly investigated on the EE side, and thus represent what could be an important gap in our understanding of motivation-driven processes influencing compensation. The present hypothesis paper will delve into aspects of the compensatory response to an exercise-induced energy deficit, specifically focusing on how the human body reduces non-exercise energy expenditure through mechanisms related to motivation to conserve energy and restore energy balance. We specifically hypothesize that compensation might be, in part, due to alterations in one’s appetence (or appetite) for movement and physical activity (Ferreira et al., 2006), or alternatively sedentarism and sleep, perhaps similar to changes that have been observed in the hedonic desire for highly-palatable food with exercise training.




Discussion


Understanding exercise, physical activity, sedentary behaviors, and the 24-h activity cycle

It is important to note the distinctions between exercise, physical activity (PA), and similar concepts. The classic taxonomy by Caspersen et al. (1985) states a difference between PA and exercise, such that PA is any movement eliciting an EE higher than basal levels, whereas exercise is a form of PA which is purportedly programmed and organized to be repeated over time to achieve specific goals. In other words, exercise interventions are designed to change different facets of physical fitness, which include physical and functional qualities, such as endurance, muscular strength, etc., but also body composition. PA not in the form of exercise is considered non-exercise activity thermogenesis, or NEAT (Levine, 2004). While these differentiations are theoretically clear and simple, few studies target both exercise and the superordinate category of PA in their analysis (Hautala et al., 2012; Tonello et al., 2015; Benítez-Flores et al., 2019). The lower number of studies may be due to conceptual pitfalls and methodological constraints. Nevertheless, some interesting results from these studies suggest that PA and exercise may interact with each other to potentiate or reduce physical fitness adaptations and health outcomes (Coyle et al., 2022). PA stands also in contrast to sedentary behavior or physical inactivity, which is not simply the opposite of PA, but rather they are asynchronous with each other. It is possible to be both very sedentary and very active on the same day (Thompson and Batterham, 2013; Raichlen et al., 2020). The 24-h activity cycle framework has been proposed as a new paradigm to integrate all forms of PA into one conceptual model (Rosenberger et al., 2019). However, it does not fit well with the classic taxonomy by Caspersen et al. (1985) as it only includes the four activities of sleep, sedentary behavior, light intensity physical activity (LIPA), and moderate-to-vigorous physical activity (MVPA), which have independent and interactive effects to simultaneously affect health. In other words, there may be positive and negative synergies among exercise, NEAT, sedentary time, and sleep. For instance, better sleep quality and/or quantity may result in greater PA the next day and greater PA may also result in better sleep (Master et al., 2019). Therefore, it is necessary to monitor the quality and quantity of any form of PA, including exercise, sedentary behaviors, and sleep, to better understand the relative influence of each activity component on health outcomes in bodyweight management interventions.



Models of compensation – CICO, constrained total EE

Most studies on energy compensation with exercise have focused on EI, largely due to the accepted belief that EI is the largest source of compensation when exercising for weight loss (King et al., 2007; Thomas et al., 2012, 2015; Flack et al., 2018, 2020a). Although in the CICO model, the ‘calories out’, aspect cannot be overlooked, manifesting as decreases in EE in an attempt to negate an exercise-induced negative energy balance. As noted above, mechanisms working to decrease EE can be either physiological (decreases in resting energy expenditure (REE)/metabolic) or behavioral (decreases in PA outside the exercise intervention). These responses fit into the constrained total EE hypothesis speculating that in the presence of increasing levels of PA, total daily EE plateaus (Pontzer, 2015). There are several sources of cross-sectional data that support this hypothesis (Pontzer et al., 2012, 2016; Willis et al., 2022); however, prospective data are limited. In one study by Westerterp et al. (1992) previously sedentary males began training for a half marathon and had marked increases in total daily EE at 8 and 20 weeks; however, these increases in total daily EE tapered at week 40 even with an increase in exercise load. In females, total daily EE increased at week 8 but leveled off at weeks 20 and 40 even with increases in exercise load. However, the constrained model of compensation may not apply to individuals who purposely match additional daily EE with additional EI, such as in an athletic population not attempting to lose body weight (and often attempting to gain body weight). Maintaining energy balance via a high energy flux in this scenario would likely attenuate metabolic compensation (Bell et al., 2004).



Changes in NEAT

What remains lacking in the constrained Total EE model is what specific components of EE are compensating in response to increases in PA. In controlled exercise studies, the EE of exercise is measured and held constant, leaving only resting and non-exercise EE to serve as compensatory variables. Some evidence suggests that REE, adjusted for body composition, may decline with increased aerobic exercise EE (Westerterp et al., 1992; Byrne and Wilmore, 2001); however, not all studies have demonstrated this effect (Donnelly et al., 2013; Creasy et al., 2022b). In addition to REE, a decline in non-exercise EE (or NEAT) is a likely mechanism of EE compensation. Reductions in NEAT can stem from improvements in skeletal muscle efficiency that reduce the energy cost of non-exercise activities (Rosenbaum et al., 2003; Goldsmith et al., 2010). Reductions in NEAT have also been attributed to decreases in non-exercise PA, including spontaneous (incidental) physical activity, such as fidgeting. The importance of the contribution of NEAT to energy balance and weight control was originally highlighted by Levine where NEAT has been proposed as a cause of differences in weight change in response to exercise interventions (Levine et al., 1999; Levine, 2004). It is important to note that Levine’s proposal of NEAT is based predominantly on cross-sectional data and hypothetical inferences. However, evidence for a decrease in NEAT comes from a carefully controlled, 7-day exercise intervention study by Stubbs et al. (2002). Participants tended to restore energy balance (EB) at a rate of 0.3–0.6 MJ/d by appearing to progressively reduce daily EE across 7 days. Several other studies suggest that initiating an aerobic exercise program leads to increases in sedentary behavior and decreases in non-exercise physical activity (NEPA) (Morio et al., 1998; Meijer et al., 1999; Di Blasio et al., 2012; Willis et al., 2014). Specifically Meijer et al. (1999) found that non-exercise activity measured with accelerometry was reduced on exercise training days compared to non-training days. In addition, a secondary analysis of the Midwest Exercise Trial 2 (MET-2), Herrmann et al. (2015) found that compensators (i.e., individuals with <5% weight loss) decreased non-exercise physical activity, whereas, non-compensators (i.e., individuals with ≥5% weight loss) increased non-exercise physical activity across a 10-month aerobic exercise intervention. This compensation may contribute to the declines in non-exercise EE noted above, and subsequently attenuate weight loss. Although results have been inconsistent, as indicated in a 2018 meta-analysis demonstrating 15 studies out of 36 reporting declines in NEAT (eight), NEPA (four) or both (three), pointing to the individual variability observed in this compensatory response. This meta-analysis also points to how weight-loss magnitude, energetic restriction degree, exercise dose and participant characteristics may all influence NEAT and/or NEPA (Silva et al., 2018). One explanation for a reduction in NEAT is that fatigue from the exercise intervention caused reciprocal increases in total time spent inactive when the individual would have usually been active (prior to starting the exercise intervention). That is, individuals could consciously or unconsciously perceive rest periods as reward for exercising, and factors, such as muscle soreness and general tiredness, could lower subsequent physical activity (discussed below).



Inter-individual variability in exercise compensatory responses

It is well established that energy compensation for exercise interventions is variable between individuals (King et al., 2008). Compensatory responses, or the lack of response, account for the diversity in weight loss following fixed exercise loads. This could explain why some people are resistant to or susceptible to the theoretical weight loss associated with exercise. A problem with most studies evaluating the effectiveness of exercise on weight loss is that they tend to report the mean data only, which inadvertently masks the inter-individual variability. Expressing only the mean data fails to explore the variability in exercise-induced weight loss, which inherently prevents the opportunity to identify candidates for, and the characterization of, compensatory responses. Recent studies have highlighted the phenotypic responses as ‘poor’ and ‘good’ responders. The concept of exploring individual variability in response to fixed feeding or exercise interventions is not original. Claude Bouchard’s classic studies identified the variability in weight change in response to over-feeding interventions in twins (Tremblay et al., 1987; Bouchard et al., 1990). Bouchard was also the first to demonstrate large inter-individual variability (i.e., good and poor responders) in changes in maximum oxygen consumption (VO2max) in response to a fixed-load of exercise training (Bouchard et al., 1990). Levine has also proposed that individual variability in postural allocation (e.g., time spent sitting, standing) influences the predisposition to gain weight (Bouchard et al., 1990). Therefore, compensatory responses, and their associated variability, make some individuals susceptible to weight loss through exercise and render others resistant (Bouchard, 1995; Snyder et al., 1997; Weinsier et al., 2002; Blundell et al., 2003; Stubbs et al., 2004). Little is known regarding the variability in the volitional behavioral compensatory responses centered on decreasing non-exercise PA when engaging in an exercise intervention. This is despite several studies demonstrating decreases in NEAT when engaging in an exercise intervention (Blaak et al., 1992; Levine et al., 1999; Meijer et al., 1999; Westerterp, 2003). Further, this response has not always been observed, necessitating additional investigation behind potential mechanisms that may promote this compensatory response (Flack et al., 2018, 2020a; Martin et al., 2019).



Behavioral compensatory responses

The two most relevant behaviors that contribute to the overall compensatory response to an exercise-induced energy deficit are changes in eating behaviors (influencing EI) and changes in non-exercise activity behaviors (influencing NEAT). Both behaviors are greatly influenced by motivation. Eating is targeted as an important behavioral compensatory response due to its potent contribution to energy balance, whereas physical activity tends to be overlooked. Therefore, while the Laws of Thermodynamics and Homeostasis propose feasible theoretical concepts of energy balance, they take little account of the motivations and psychological factors underpinning compensatory behavior, especially in the realm of NEAT. Indeed, these classic theories were originally based on physiological and metabolic processes associated with systems and states of steady internal, biological conditions (e.g., blood glucose; Newton’s 3rd Law - “To every action, there is always an opposite and equal reaction”). By nature of their automated, biological regulation, they tend not to take into account motivational control or individual variability.

A key issue is whether the human regulatory system is capable of selectively determining which, when, and the magnitude, of behavioral responses compensating for the exercise-induced energy deficit. The temporal profile of compensatory responses will inevitably influence weight loss through feedback mechanisms that may render the use of exercise a less efficacious method for weight management. For instance, immediate compensatory responses (i.e., present during the first few weeks), may resist initial weight loss (Flack et al., 2022), while more ‘delayed’ compensatory responses (i.e., exhibited after several weeks/months), may result in a plateauing of weight loss. This could lead to disappointment, reduced expectation or belief that exercise can result in the desired weight loss, lessened perceived behavior control and, perhaps, exercise drop out (Conroy et al., 2007). These reflective factors are considered “Type 2” processes in dual-process models of behavior (Brand and Ekkekakis, 2018). More pertinent to our hypothesis, however, are automatic “Type 1” processes (e.g., hedonic / appetitive pathways) at play that may work less visibly but with equal or greater force to undermine exercise behavior and lifestyle physical activity. For Type 1 behavioral compensatory responses to be enacted, there needs to be a priming and detection of internal signals (e.g., leptin), associated with any reductions in body weight and tissue composition (Wang et al., 2019). How an individual responds behaviorally to these signals may be in the form of a downstream motivational state (e.g., urges, cravings, impulses), as described in various models, such as the Affective-Reflective Theory of Physical Inactivity (ART) (Brand and Ekkekakis, 2018) or the COM-B System / Behavior Change Wheel (Michie et al., 2011). Alternatively, they can resist and overcome the signal-induced compensatory behavior, via Type 1 (e.g., counter-impulses) and Type 2 motivational control processes (e.g., action planning).



Motivational nudges and brakes

Dual process models of exercise behavior, however, have resurrected the idea from Kurt Lewin about propelling and restraining forces (Brand and Ekkekakis, 2018) – the psychological analog to physical forces explained above. These fall roughly into two categories, internal (or endogenous) factors and external (or exogenous) factors. It is important to acknowledge that behaviors are strongly influenced by external factors or stimuli, sometimes referred to as nudges or cues. Similarly, the endogenously-generated urge or impulse to act on these factors will be moderated by motivational factors or counter-impulses such as restraint, inhibition–processes of self-control (Michie et al., 2011; Carver and Scheier, 2017). It is also worth bearing in mind that these nudges and signals, and associated urges and impulses, related to behavioral initiation, interplay with factors associated with suppressing or halting behaviors. The motivational endpoint might be the result of the preponderance of factors working to promote a behavior balanced against those working against it (Brand and Ekkekakis, 2018). Unfortunately, those in Western societies, but increasingly in non-Western as well, are surrounded by environments that encourage a sedentary lifestyle (e.g., many prompts to stop and watch a video clip), with few cues or nudges to be active.

Indeed, there is an asymmetry of motivational signals to start and stop eating or moving. From behavioral “nudges” (i.e., “go”/want) and “brakes” (i.e., “stop”/do not want) point of view, it is commonly thought that humans are predisposed to promote a positive energy balance and to protect against a negative energy balance (Chakravarthy and Booth, 2004). Table 2 shows the imbalance between the internal cues associated with eating, PA, sedentary activities (e.g., television), and sleep. In relative terms, we have strong impulses or urges to initiate the motivation to eat (e.g., hunger), and weaker internal cues (e.g., fullness) to stop (brake) eating (Hofmann et al., 2012; Stevenson et al., 2015). With PA and exercise, there are relatively weak internal cues or urges to be active (Stults-Kolehmainen et al., 2020), especially in an environment that encourages and enables inactivity. However, there are strong internal cues associated with the urge to stop exercising, for example, from muscle pain or the different facets of fatigue (Hartman et al., 2019). There are large inter-individual differences (Stevenson et al., 2015; Stults-Kolehmainen et al., 2021). Nevertheless, there is an imbalance of impulses and counter-impulses when considering the factors associated with behavioral compensation in response to exercise. Reinforcement for food is so strong because the combination of pleasure from eating is great (positive reinforcement) and strong displeasure (hunger) is concomitantly reduced. With exercise, this pattern of reinforcement is not as universal as food reinforcement, but can be prevalent, especially among people dependent on exercise (Stults-Kolehmainen et al., 2020). In this condition, deprivation of activity causes significant tension, which is only relieved with exercise (Marques et al., 2019). When considering the compensatory responses to exercise, this imbalance of relative potency and contributions of internal brake-and urges-signals could also have an impact on the desired method for weight loss.



TABLE 2 The relative imbalance of impulses and counter-impulses (i.e., internal nudges and brakes/constraints) to either promote or stop eating, physical activity, sedentary, and sleep behaviors (typically observed across the adult population), as varying in strength by hedonic motivation.
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Role of rewards and motivation in energy compensation

As noted, the compensatory response to an exercise-induced energy deficit is highly variable, potentially due to the ‘sensitivity to reward’ reflecting a trait where some individuals are more tuned for reward from activities, such as exercise and eating, than others (Davis and Woodside, 2002). Evidence indicates that vigorous exercise and eating behaviors, particularly food restriction, stimulate brain circuitry which are associated with reward and dependence (Bergh and Sodersten, 1996). Indeed, exercise has been shown to increase perceived ratings of pleasantness for a range of highly-palatable foods (Lluch et al., 1998, 2000). Our team has also demonstrated acute exercise increases one’s attentional processing toward food (an important component in the development of behavioral reinforcement) and that declines in fat-free mass from an aerobic exercise program predict increases in food reinforcement (Flack et al., 2020b, 2022). These reward-driven food choices, as well as misperceptions about the rate of intake (number of calories consumed) relative to the energy cost of physical activity (energy expended), could also drive compensatory responses, which in turn, result in lower than expected weight loss (Blundell et al., 2003). Processes of motivation have generally been overlooked as compensatory mechanisms explaining changes in non-exercise physical activity, but recent data and theories have implicated motivation in physical activity compensation and sedentary behavior. In King’s review, motivation was tangentially discussed as a mechanism influencing NEAT (King et al., 2007). It was posited that the motivational drive to be inactive is the key mechanism in place to promote decreases in physical activity outside the exercise intervention. The role of motivation as a compensatory mechanism was also explored in a recent systematic review (Swelam et al., 2022). These authors specifically listed 4 factors as impairing physical activity in the face of exercise training: (1) lack of motivation, (2) drive to be inactive, (3) fear of overexertion, and (4) autonomous motivation. The major theories of motivation (e.g., Self Determination Theory) do not seem able to accommodate the diversity of aforementioned motivational constructs, thus necessitating novel and innovative research questions and theories to better explain the implications of shifting motivation in energy expenditure compensation specific to decreases in NEAT (Ryan and Deci, 2000).

Exercise is highly rewarding for some individuals, and is generally agreeable for most individuals, giving rise to the notion of exercise as a reinforcing behavior controlled by central dopamine signaling and termed “exercise reinforcement” (Cheval et al., 2018; Flack K. et al., 2019). Indeed, exercise has reinforcing properties in that exercise dependency has been demonstrated in both humans (Chan and Grossman, 1988; Chapman and De Castro, 1990; Belke, 1997; Holden, 2001) and rodents (Iversen, 1993; Belke, 1997, 2000; Lett et al., 2000). Recent cross sectional data have demonstrated that adults who find aerobic exercise highly reinforcing are more likely to meet PA guidelines for aerobic exercise while those who find resistance-type exercise more reinforcing are more likely to meet PA guidelines for both muscle-strengthening and aerobic exercise (Flack et al., 2017). Thus, it appears the reinforcing value of exercise is an important determinant in the choice to engage in exercise frequently enough to meet the Physical Activity Guidelines for Americans (Epstein et al., 1999; Barkley et al., 2009).

This has given rise to a growing body of literature demonstrating that exercise reinforcement can be increased through the process of “incentive sensitization,” a theory originally proposed to explain drug addiction (Robinson and Berridge, 1993). Incentive Sensitization theory states that behavioral reinforcement is increased through repeated exposures by producing neuroadaptations that increase the craving of the behavior (Salvy et al., 2009). After repeated exposures to a stimulus, a ‘sensitization’ or hypersensitivity to the motivational effects of the stimulus follows. The result is an increased reinforcing value of the stimulus relative to a competing alternative. In this light, an exercise intervention that exposes individuals, repeatedly, to bouts of exercise can produce increases in exercise reinforcement (Flack et al., 2019a,b, 2021; Ufholz et al., 2019). However, recent evidence by our group indicates changes in exercise reinforcement from pre- to post-exercise intervention are not correlated with the overall compensatory response to that exercise intervention (Flack et al., 2018, 2019a, 2020a, 2021). This could be due to the large individual variability in the compensatory response noted above, where some individuals may increase their exercise reinforcement and have greater motivation to exercise while others do not. Conversely, differences in exercise reinforcement and the desire to be physically active outside the exercise intervention (free-living PA) may be two very different concepts. Furthermore, it is certainly possible to be highly motivated to exercise but also very motivated to rest (i.e., reduced physical activity) after the exercise bout. It is also possible that an athlete will desire to rest more in order to train harder at a later time. These may be likely scenarios if the motivation to exercise is high enough to promote extremely high levels of exercise.



WANT model

A recent conceptual framework, the WANT model (Wants and Aversions for Neuromuscular Tasks), may be better positioned to describe motivational factors as compensatory mechanisms for exercise training (Stults-Kolehmainen et al., 2020). The basic tenet of the WANT model is that humans have “wants” for movement that vary from moment to moment. These desires are loosely coupled and work asymmetrically with desires to rest or be sedentary. For instance, it is possible for the “want for movement” to remain stable and the “want for rest” to increase (or vice-versa). In general, the ratio of these two constructs is continually changing but infrequently equal. These “wants” vary in intensity from weak desires to strong urges and cravings for movement, when they are typically felt subjectively and often acted upon (Stults-Kolehmainen et al., 2022a). Collectively, wants, desires, urges and cravings are considered “affectively-charged motivation states” (ACMS), impulses for activity that are often felt as tension in conditions of deprivation or excess (Kavanagh et al., 2005; Stults-Kolehmainen, 2022).

In this way, they vary by previous behaviors - i.e., when sitting for a long time (deprived of activity) urges for movement rise (Stults-Kolehmainen et al., 2021). Likewise, with excessive movement, like maximal exercise, desires to move fall, and urges to stop and rest rise (Stults-Kolehmainen et al., 2021; Taylor et al., 2022). These desires, consequently, seem to flow in processes of satiation and accommodation, similar to desires for other rewarding activities, like eating, drinking, smoking, using drugs, etc. (Redden, 2015). This has prompted some researchers to refer to the desires for movement as “appetence” (Ferreira et al., 2006; Redden, 2015; Robinson et al., 2016; Stults-Kolehmainen, 2022). Similar to these other rewarding activities, appetence for movement increases with restriction and results in mental and physical tension, such as jitteriness and fidgeting, until the desire is consummated, which results in a sharp decrease in appetence (i.e., feel “fulfilled”, “satisfied”, or “exertiated’’, and do not want any more) (Stults-Kolehmainen et al., 2022a). Such an appetite is likely propelled by both positive reinforcement (i.e., pleasurable aspects of exercise) and negative reinforcement (i.e., relieving tension from disuse of muscle and / or from the drive to be active) (Stults-Kolehmainen, 2022).

Work in this area has been stymied by a lack of useful measurement tools, but new developments in the measurement of motivation states (CRAVE scale: Cravings for Rest and Volitional Energy Expenditure) have facilitated collection of new data (Stults-Kolehmainen et al., 2021). This scale was developed with 9 studies, demonstrating superior psychometric properties, such as high face, construct and convergent validity, good reliability and intra-class correlations, indicating that the scale measures states and not traits (Stults-Kolehmainen et al., 2021, 2022a; Budnick et al., 2022; Filgueiras et al., 2022). With use of the CRAVE, it was demonstrated that appetence for movement and rest rises and falls continuously in response to a variety of stimuli and situations (Stults-Kolehmainen et al., 2021, 2022a). With a maximal treadmill test, there were large effect sizes observed for increases in the desire to rest and decreases in the desire to move. With both a passive and active sedentary activity, desires to move increased after 45 min and desires to be sedentary decreased (Stults-Kolehmainen et al., 2021, 2022a). CRAVE is also associated with body position, such as laying down, sitting, leaning on something (e.g., a wall), standing, and walking (Budnick et al., 2022). Desires to move and rest also predict intentions to move in the next 30 min. Furthermore, a majority of people have a biorhythm for movement motivation (Budnick et al., 2022). These data stand in contrast to theories that promote the idea that humans are primarily driven to rest and save energy (Cheval and Boisgontier, 2021).



Fatigue and pain: Implications in energy compensation

As suggested above, fatigue and soreness could account for both short-and long-term compensatory responses that reduce EE after acute and chronic bouts of training. Fatigue serves as a feedback response and causes increased inactivity when the individual would have been otherwise active to resist returning to an energy balance (Stubbs et al., 2004). A natural reaction to fatigue is to rest and to choose activities that require minimal energy expenditure (Cheval and Boisgontier, 2021). For example, retiring to bed earlier in the evening could influence the impact of the acute energy deficit created by exercise. In this way, exercise-induced fatigue is an underlying mechanism promoting decreases in non-exercise physical activity (Wlodek and Gonzales, 2003; Cheval and Boisgontier, 2021). Importantly, exercise-induced fatigue is a complex phenomenon with various peripheral and central processes, including metabolite accumulation, depletion of fuel reserves, neuromuscular damage and changes in neurotransmitter levels (Lambert, 2005).

Noakes et al. (2004) were among the first exercise physiologists to propose that fatigue is an emotional state, rather than a physical state, and that the sensation of fatigue is an interpretation of the current level of activity as well as future exercise capacity. If this is the case, we know that emotional and motivational states can be influenced by attention, perception, interpretation, and memory (Cheval and Boisgontier, 2021). Specific exercise experiences are associated with memories of energy and fatigue, causing one to continually estimate their reserves and tolerance levels. In the case that fatigue is assessed as high and tolerance is low, it would result in a greater sense of effort and impaired motivation for movement (Iodice et al., 2017). For instance, Iodice et al. (2017) demonstrated that under conditions of fatigue, people prefer lower-effort behaviors. Prolonged and/or intense fatigue may even lead to sensations of hedonic dread for physical activity (Williams and Bohlen, 2019; Stevens et al., 2020), otherwise known as movement aversion or ‘diswant’ (Stults-Kolehmainen et al., 2020, 2022b). Such may be the case with athletes experiencing burnout and associated loss of motivation (Kentta and Hassmen, 1998; Poscente and Irvine, 2002; Oldervoll et al., 2003; King et al., 2007; Blaney et al., 2010; Purvis et al., 2010; Van Oosterwijck et al., 2010; Yoon et al., 2013; Legrand et al., 2018). These mental processes can thus be considered important mediators on the compensatory response, directing decision-making to reduce or enhance physical activity levels (St Clair Gibson et al., 2003).

Pain is also an important psychosomatic sensation contributing to compensatory responses. Delayed-onset muscle soreness (DOMS) due to exercise, for example, can produce pain and discomfort associated with muscle tenderness, stiffness, and weakness (Cleary et al., 2005). DOMS interferes with physical activity levels since any movement or palpation may exaggerate the smallest increase in pressure and stimulate the pain receptors, thus reducing muscle function (Smith, 1991). Individuals classified as obese report physical activity and exercise as a painful experience, causing severe soreness and stiffness, and often perceive their bodies as too heavy and incapable of more exercise (Danielsen et al., 2016). Individuals with obesity associate physical activity with pain and anxiety (Mæhlum et al., 2012) that can interfere with physical activity levels (Ginis et al., 2003; Dobkin et al., 2006; Law et al., 2010, 2013). In the worst case scenario, repeated or high-intensity exposure to pain during exercise may even result in kinesiophobia (Glaviano et al., 2019). It is important to note that in highly motivated populations, such as athletes or perhaps those with anorexia nervosa or muscle dysmorphia, sensations of pain and fatigue may be routinely bypassed or disregarded in the effort to maintain very high levels of activity and performance (Marcora and Staiano, 2010). Finally, it should be noted some exercise routines, like Curves, were designed to minimize excessive soreness by limiting eccentric contractions (Kerksick et al., 2009). The concept is that less damaging exercise is better tolerated, more acceptable, and more sustainable. Likewise, short sprint interval training (sSIT) (de Sousa et al., 2018; Boullosa et al., 2022; Filgueiras et al., 2022; Metcalfe et al., 2022) involves very short bouts of exercise (5–6 s) that do not produce painful sensations. In the case of Curves, the degree of compensation is unknown. SSIT, on the other hand, is too short to result in important reductions in body fat, but interestingly, it may result in enhanced desire to move and be active (Filgueiras et al., 2022).



Influence of sleep and sedentary behaviors on energy compensation from exercise

Any discussion about the effects of physical activity and exercise on weight management would be remiss if it did not consider sedentary behaviors and sleep, which account for most of the 24-h activity cycle (Rosenberger et al., 2019). Rest behaviors are not the inverse of physically active ones. In fact, as discussed previously, one may be high in both sedentary and active behaviors on the same day (Thompson and Batterham, 2013). Physical activity, sedentary behavior, and sleep are under control from distinct, but interacting, neurobiological systems (Dishman et al., 2006; Harrington, 2012). According to the WANT model, motivation for movement and sedentary behaviors is asynchronous (Stults-Kolehmainen et al., 2020). One might be motivated to move and sleep or be sedentary at the same time, with the same intensity. There may also be a total absence of desire to move or rest. Their correlation is moderate (r’s typically −0.6 to −0.7; Stults-Kolehmainen et al., 2021, 2022a). The key issue is whether exercise training enhances desires to rest, be sedentary or, more specifically, to sleep (e.g., tiredness, sleepiness). This is a different question than if exercise training reduces the desire to move or be active.

The desire to sleep or nap is one of the most common desires humans possess (Hofmann et al., 2012). Sleep, however, is an understudied variable in exercise and weight loss research. Both epidemiological and experimental evidence demonstrate that sleep quantity and quality may influence body weight and energy balance regulation (Garaulet et al., 2011; Markwald et al., 2013; Wirth et al., 2015; Sun et al., 2016; Park et al., 2018; Liu et al., 2019; Sa et al., 2020). Experimental studies have found that reducing sleep duration from 9 h/night to 5 h/night alters metabolic energy expenditure while promoting insulin resistance and weight gain (Jung et al., 2011; Markwald et al., 2013; Eckel et al., 2015). Although most of these studies have focused on how sleep timing and duration may influence EI, there is also evidence that sleep and NEAT may be linked (Lambiase et al., 2013). Thus, understanding how aspects of sleep are influenced during exercise trials is imperative, particularly in exercise studies focused on the impact of the intervention on bodyweight.

Exercise and sleep have a dynamic relationship (Youngstedt and Kline, 2006; Kline, 2014; Ash et al., 2021). It is likely that sleep and exercise are synergistic with better sleep helping to support exercise behavior and engagement in exercise helping to promote better sleep. For instance, Lambiase et al. (2013) found that greater sleep efficiency was associated with greater total daily physical activity and greater moderate to vigorous physical activity (MVPA) the following day. Those who sleep well are also likely more motivated to move and exercise (Hong and Dimsdale, 2003; Baron et al., 2013), perhaps by lessening fatigue and enhancing feelings of energy, arousal, and motivation states to move (Nicholson et al., 1984; Frederick et al., 2021). Thus, the common suggestion of reducing sleep duration when looking to increase total daily EE may be counterproductive because of the negative effects on metabolism, psychological well-being, and motivation (Chennaoui et al., 2015).

To date there is limited evidence on what happens to aspects of sleep when initiating exercise. When an individual who is previously sedentary begins an exercise intervention, the time spent engaging in the exercise must replace time spent engaging in a previous behavior. Because there is only a finite amount of time in day, it is possible that time spent engaging in exercise replaces sleep time apart from other sedentary activities. Interestingly, in the study by Lambiase et al. (2013) lower sleep time was associated with more minutes of MVPA across the week. Creasy et al. (2022a) also found that adherence to MVPA recommendations for weight management (300 min/wk) was associated with lower time in bed and lower sleep duration. Further, in a study that examined the effect of morning vs. evening exercise on bodyweight, morning exercisers woke up earlier in the morning to engage in their exercise, thereby reducing sleep duration (Creasy et al., 2022b). Evening exercisers went to bed earlier and woke up later, thereby, increasing sleep duration. Thus, the time of day of exercise may be a crucial factor in bodyweight management interventions. It is critical that future studies examining the effect of exercise on bodyweight also measure sleep to better understand compensatory mechanisms.



Future studies

Very few studies directly connect the concept of motivation states for movement (e.g., appetence) with energy expenditure and/or compensatory effects (Stults-Kolehmainen et al., 2021). To investigate these potential associations, the following key areas should be considered:

1. Track the subjective experience of wanting/desiring to move (and be sedentary or sleep) with acute bouts of exercise training at various intensities (e.g., moderate, vigorous), and durations, starting with the public health dosage (150 min/week of MVPA) and then progressively increasing this to 300 min/week, the recommendation associated with greater impact on weight loss/maintenance (Flack et al., 2018, 2020a).

2. Conduct longer training studies, up to a minimum of 6 months, that evaluate the relationship between motivation states and energy compensation.

3. Attempt to modulate motivation states with training studies that aim to mitigate fatiguing and painful sensations during or after exercise, perhaps by: (a) lowering intensity at the end of the training session, (b) through proper exercise ramp-up/progression, or (c) minimizing concentric contractions or glycolytic activity. Alternatively, attempt to maximize enjoyment and pleasure, as liking is usually matched with wanting (Stults-Kolehmainen et al., 2020).

4. Implement controlled exercise training interventions that monitor, at the same time, non-exercise physical activity, sedentary time and sleep.

5. Explore mechanisms that may mediate processes of motivation and physical activity in response to exercise training, such as orexin /hypocretin, which has been implicated in the regulation of appetite, sleep, and arousal (Sakurai, 2005).



Conclusion

The main premise of the current paper is that humans have an appetite for movement (or rather, “appetence”) that may be altered with an exercise training program and the related changes in lifestyle and daily activities. This has long been hypothesized for eating behaviors, though the effects of exercise on appetite for food and hunger are equivocal. At the current time, it is not known how exercise training impacts the desire or want to move and be active. There is some evidence, though conflicting, that exercise training impacts lifestyle physical activity outside of the training program, typically by lowering it, but in some cases enhancing it (Foster-Schubert et al., 2012). It may be the case that these effects have been poorly explored due to difficulties in the detection of these behavioral processes in play and the large inter-individual variability in their response to exercise. New developments in motivational theory (Stults-Kolehmainen et al., 2020, 2021) and instrumentation (Stults-Kolehmainen et al., 2021) may spur greater efforts to investigate these phenomena.
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Motivation states for physical activity and sedentarism potentially vary from moment to moment. The CRAVE scale (Cravings for Rest and Volitional Energy Expenditure) was developed to assess transient wants and desires to move. Three studies were conducted with the aims of: (1) translating and validating the scale in Brazilian Portuguese, (2) examining changes with exercise, and (3) determining the best single-item for Move and Rest subscales for English and Portuguese. In Study 1, six bilingual speakers translated the scale into Brazilian Portuguese [named Anseios por Repouso e Gastos com Energia (ARGE)]. The ARGE had good content validity coefficients across three dimensions (0.89–0.91), as determined by three independent, bilingual referees. 1,168 participants (mean age = 30.6, SD = 12.2) from across Brazil completed an online version of the ARGE. An Exploratory Factor Analysis found two clear, oblique, and inversely related factors (Move and Rest; GFI = 1.00, RMSR = 0.03). Reliability was good (Cronbach α’s: 0.93 and 0.92). Two models of the scale (10 vs. 13 items) were compared with Confirmatory Factor Analysis. The previously validated version using 10 scored items (GFI = 1.00, RMSEA = 0.07, RMSR = 0.02) outperformed the version scored with 13 items. State anxiety and exercise behavior had small associations with Move and Rest (−0.20 to 0.26). In Study 2, ARGE Move scores had high correspondence post-session (ICC = 0.83) for 9 women performing short Sprint Interval Training (sSIT; 6 sessions). Large, but non-significant, effects were detected for changes in motivation states with sSIT. In Study 3, IRT analyses found that for the United States sample, “be physically active” and “be still” were the most representative items for Move and Rest, respectively, while for the Brazil sample they were “exert my muscles” and “be a couch potato.” Overall, it was found that: (A) the ARGE scale demonstrated good psychometric properties, (B) the original scoring (with 10 items) resulted in the best model, (C) it had small associations with exercise behavior, and (D) the subscales were reduced to single items that varied by country, indicating potential cultural differences in the concept of motivation states for physical activity.
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Introduction

Physical inactivity and sedentarism are problems of worldwide proportions (Guthold et al., 2018), leading to numerous health problems (Lee et al., 2012). In the United States, small improvements have been made but, overall, the percentage of the population meeting activity guidelines is low (Hyde et al., 2021; Ussery et al., 2021). There is also a growing physical inactivity pandemic in Brazil (Jaarsma et al., 2013), which has the highest rate of physical inactivity in Latin America at 47% (Guthold et al., 2018). It also one of five countries in the world where physical inactivity is increasing the fastest (>15% from 2001 to 2016), perhaps due to rapid urbanization (Guthold et al., 2018). Physical inactivity and sedentarism result from many factors, including environmental, social, and intra- and inter-personal factors (Bauman et al., 2012). While cognitive explanations have dominated the literature, there has been a turn to affective/emotion-based theories (Williams et al., 2019; Stevens et al., 2020; Williams, 2023), as well as motivational theory (Michie et al., 2011; Stults-Kolehmainen et al., 2020). Indeed, motivation is one of the strongest predictors of physical inactivity/sedentarism (Mayo et al., 2022). Motivation for physically active and sedentary behaviors, including exercise, has typically been conceptualized in terms of motives, or viewed as a stable trait, often in light of self-determination theory (Kilpatrick et al., 2005; Ryan and Deci, 2007; Stults-Kolehmainen et al., 2013a,b). However, newer models of behavior view motivation as a state that varies from moment to moment (Frijda, 2010; Hofmann and Van Dillen, 2012; Hofmann et al., 2012a,b; Frijda et al., 2014).

The concepts of affect, emotion, and motivation intersect within the theory of affectively-charged motivation states (ACMS; Kavanagh et al., 2005) as it applies to movement and sedentarism (Stults-Kolehmainen et al., 2020; Budnick et al., 2023). In short, humans possess transient desires (or wants) to move and be active, and sometimes these are felt subjectively as tension, such as a “pressing readiness” (Stults-Kolehmainen et al., 2020). According to the WANT model (Wants and Aversions for Neuromuscular Tasks; Stults-Kolehmainen et al., 2020, 2023), strong feelings of wanting to move are characterized as urges or cravings, which can vary from moment to moment. Typically, these have been studied in clinical populations, such as those with exercise addiction, anorexia nervosa, or with conditions, such as akathisia or Restless Legs Syndrome (Khan et al., 2017; Stults-Kolehmainen et al., 2022). However, there is recent evidence that these are common in healthy populations (Stults-Kolehmainen et al., 2023), very similar to a biorhythm (Budnick et al., 2023; Crosley-Lyons et al., 2023), and may be stimulated endogenously (e.g., a drive; Stults-Kolehmainen, 2023) or by an environmental stimulus, such as music (Janata et al., 2012, 2018). Motivation states are influenced by recently completed activity behaviors (Stults-Kolehmainen et al., 2021a) and current activities (e.g., sitting, standing, walking; Budnick et al., 2023). Moreover, motivation states predict intentions to be active in the next 30 min in a free-living setting (Budnick et al., 2023) as well as affective responses during subsequent physical activity (Do et al., 2022). Until recently, the study of motivation states for physical activity, such as desires, wants, urges, and cravings, has been stymied by a lack of instrumentation to measure these phenomena (Williams and Bohlen, 2019).

Some progress was made in the area of measurement of ACMS with the creation of the CRAVE scale (Cravings for Rest and Volitional Energy Expenditure; Stults-Kolehmainen et al., 2021a). This 13-item instrument measures wants and desires to both move (i.e., be active) and rest (i.e., be sedentary), 10 of which are scored (5 each for move and rest subscales), while 3 are fillers. Stults-Kolehmainen et al. (2021a) conducted a series of 5 studies to validate the scale, concluding that it had good psychometric properties, including good reliability and greater stability across a single laboratory session compared with increments over 6 months. The data also revealed good discriminant and convergent validity when compared with measurements of energy and fatigue. The instrument, however, needs further development. Psychological assessments developed in North American undergraduate samples (i.e., WEIRD populations–Western, Educated, Industrialized, Rich, and Democratic), such as CRAVE, are often not applicable to the larger human population (Henrich et al., 2010). Major deficits include: (a) lack of cross-cultural adaptation and translations, (b) few data corresponding CRAVE to exercise behavior, (c) shorter versions (e.g., 2 items) that can be used in-task (i.e., during bouts of vigorous exercise), and (d) comparisons of these shorter versions with the original scale.

The present study has 5 general aims, with data collected from 3 studies.

Aim 1—To translate the CRAVE scale into Brazilian Portuguese and determine adequacy of this translation (i.e., with content validity coefficients; Study 1).

Aim 2—To establish psychometrics of the new, adapted scale (i.e., descriptives and cut offs, reliability, test/retest reliability, exploratory and confirmatory factor analyses, convergent and discriminant validity; Studies 1 and 2).

Aim 3—To compare the validated 10-item scoring scheme of the CRAVE scale to a full 13-item scoring scheme (Study 1).

Aim 4—To determine if the translated scale is associated with exercise behavior (Study 1).

Aim 5—To shorten both the CRAVE scale (original American version) and the new translated scale to single-item versions (Study 3).



Study 1


Introduction

Exercise and sport participation, as well as interest for specific physical activities, varies across the globe (Hulteen et al., 2017). According to the Social Ecological Model (Spence and Lee, 2003), health behaviors, such as physical activity and sedentarism, vary by many factors, including culture. Furthermore, discrete psychological factors, such as social support for physical activity, are additionally known to differ between countries and cultures (Bauman et al., 2012). At the current time, however, there is a lack of data on cultural differences in psychological, cognitive, and affective variables impacting PA in low- and middle-income countries, such as in Latin America (Bauman et al., 2012). Previous research (Stults-Kolehmainen et al., 2020) suggested that Brazil may be a good place to start, due to numerous cultural and linguistic differences between the United States and Brazil (Pires et al., 2013; Filgueiras, 2016; Seemiller et al., 2019). Moreover, to our knowledge, there has never been a cross-cultural comparison between Brazil and the United States for motivation for physical activity, exercise, or sedentarism.

Bauman et al. (2012) concluded that this dearth of information is due to the lack of psychological instruments adapted to different cultures and contexts. However, adaptation of an instrument, such as CRAVE, is not a matter of simply translating the scale with automated translation software. This process requires understanding cultural aspects of each of the constructs involved in the instrument in addition to the translation of words. According to Markus (2016), motivation is a “culturally constructed phenomenon,” with large differences between North America and non-Western countries. Motivation constructs, such as desires, wants, urges, and cravings, have imprecise translations in Brazilian Portuguese, but might be best translated as “desejos”/“vontades” (desires), quereres (wants), impulsos (urges), necessisdades, compulsões, ânsias (cravings), or anseios (longings). Portuguese also contains motivational constructs that are rarely used or may not exist in English. Common in Brazilian culture, for instance, is the idea of intense longings for someone or something (“saudades”; Neto and Mullet, 2014), a concept perhaps less expressed or understood in North American society.

Given the arguments above, it is important to adapt the CRAVE scale to promote motivation research and practice in Brazil. Therefore, the primary purpose of Study 1 is to translate and validate the scale in Brazilian Portuguese. We hypothesized that the CRAVE scale would maintain the same factor structure in Portuguese (two factors for Move and Rest). This study also affords the opportunity to collect additional psychometric information for the CRAVE scale to address unresolved issues. For instance, some evidence exists (Stults-Kolehmainen et al., 2021a; Study 4) that the scale has better psychometric properties when scored with all 13 items (6 for Move and 7 for Rest). Therefore, a secondary purpose of this study is to analyze alternative models to determine if the 10-item scored scale exhibits advantages over the 13-item scale. A further aim is generate new data for convergent and discriminant validation of the scale (Clark and Watson, 1995; Clark and Watson, 2019; Stults-Kolehmainen et al., 2021a) by comparing motivation states with a mental health factor (i.e., state anxiety), as well as exercise behavior, both of which have not been attempted in previous studies. We hypothesized that there would be a positive association between exercise constructs and the desire to move and a negative association with the desire to rest.



Materials and methods


Participants

Volunteers in this study were 1,168 adult participants (71.6% female) with an age range between 18 and 82 years (M = 30.6; SD = 12.2). They were dispersed across the country: Southeast region = 868 (74.3%), South = 168 (14.4%), Northeast = 66 (5.7%), Midwest = 58 (5.0%), and North = 8 (0.6%). All volunteers agreed to participate by digitally checking the option of agreement right after reading the Consent Terms. Data were collected between March and June of 2020.



Procedures for cross-cultural adaptation

CRAVE cross-cultural adaptation followed the International Test Commission (ITC) guidelines (Beaton et al., 2000; International Test Commission, 2017) for translating and adapting tests. This was to minimize semantic misinterpretations and misunderstandings and to provide the optimal adaptation for Brazilian culture (Vignola and Tucci, 2014). First, two Brazilian-Portuguese native speakers that were fluent in English translated all items from English to Brazilian-Portuguese. A panel of five specialists formed by the authors developed a synthesis of the two versions to create the first translated version. Instructions were amended to reflect states (e.g., estar, ficar) and not traits (e.g., ser). This translated version was back-translated to English by a native English-speaker fluent in Brazilian-Portuguese. The back-translated version was sent to the main author of the original CRAVE for review. Additional modifications were made for clarity, precision, simplicity, and alignment with the WANT model. The panel of specialists then evaluated and incorporated all suggestions leading to the final Brazilian-translated version of CRAVE. The scale was renamed from CRAVE to “Anseios por Repouso e Gastos com Energia” (i.e., ARGE). See Supplementary material 1 for the scale.

The final Brazilian version of CRAVE was sent to four bilingual experts in motivation and physical activity (i.e., three psychologists and one kinesiologist) to be assessed using the Content Validity Coefficient (CVC; Hernández-Nieto, 2002; Filgueiras et al., 2015). The CVC retrieves a score ranging from 0.0 and 1.0 that comprises the amount of validity the variable holds. If the CVC is above 0.80, then the variable is considered adequate. The experts rated each CRAVE-adapted item in three categories CRAVE-adapted item in three categories (i.e., clarity of the item, adequacy of the item for the construct, and quality of the translation) using a 5-point Likert-type scale (1—poor, 5—excellent). Clarity of the item indicates how much an item is understandable for the broad Brazilian population. Fit for the construct (adequacy of the item for the construct) entails how much the translated version kept the original content when compared to original and back-translated versions. The quality of the translated version assesses to which extent the translation was adequate in a linguistic point of view, not necessarily in a constructive perspective. They also rated scale instructions and rating categories. Based on their responses, each Brazilian-adapted CRAVE item had three CVC scores, and the overall CRAVE had one CVC. All CVC scores were above 0.80, which showed that the Brazilian-version of the CRAVE was adequate and well-adapted.



Procedures for human data collection

The research proposal was submitted to the Rio de Janeiro State University Ethics Committee, obtaining approval through consubstantiated report #2.990.087, which was part of a larger project looking at exercise and health factors during the COVID-19 crisis (Blacutt et al., 2021; Stults-Kolehmainen et al., 2021b; Filgueiras and Stults-Kolehmainen, 2022). After approval, we recruited participants using the main researchers’ (AF and MSK) social media, Rio de Janeiro State University’s social media, and the local press. We asked volunteers to spread the recruitment advertisement as well, which led to a snow-ball method of recruitment increasing the total number of participants. Among those who viewed the link provided in our recruitment advertisement, 89 individuals (approximately 7.6%) did not agree with the Consent Terms and were redirected to a thank you webpage, thus not participating.

We used the Google Forms platform for data collection and the Open Science Framework (OSF) as a database repository. The questionnaires were adapted to the Google Docs format. The first form page consisted of a sociodemographic questionnaire (including: age, education level, height, weight, and self-reported number of days of exercise during last week). The second page was comprised of the state subscale of the Brazilian-adapted version of the Spielberg State and Trait Anxiety (STAI) questionnaire (Spielberger et al., 1971; Fioravanti-Bastos et al., 2011). Page three provided the 13 Brazilian-adapted items of CRAVE in the same order of presentation as the original instrument (Stults-Kolehmainen et al., 2021a). Page four provided the Brazilian-adapted version of the Godin-Shephard Leisure-Time Physical Activity Questionnaire (GSLTPAQ; Godin, 2011; São-João et al., 2013). Finally, the fifth page was a thank you notification.

We built our database in Microsoft Excel, after exporting these data from Google Docs and processing some variables based on participants’ responses. Height and weight were used to calculate body mass index (BMI), whereas three metabolic equivalent of task (MET) values were calculated based on the participants’ answers regarding items 1, 2, and 3 of the GSLTPAQ (respectively, strenuous, moderate, and mild).



Instruments


Sociodemographic questionnaire

A demographic questionnaire collected age (in years), gender, education (i.e., elementary school, high school, college/graduate degree, or post-graduate certificate or diploma), self-reported weight (in kilograms), height (in centimeters), and self-reported number of days of exercise in the past week before answering the research.



Spielberg state and trait anxiety questionnaire

This instrument comprises two subscales, one that refers to how generally a person feels–assessing trait anxiety, whereas the other entails how the person is feeling right now or at this moment–measuring state anxiety. This study used the state subscale, which comprises 20 items. Items depict emotional statements, which participants rated using a 4-point Likert-type scale ranging from “1—not at all” to “4—very much so.” Examples are “1—I feel calm” and “12—I feel nervous” (Spielberger et al., 1971). The Brazilian-adapted version was utilized in this study (Fioravanti-Bastos et al., 2011).



Cravings for rest and volitional energy expenditure (CRAVE)

This questionnaire measures motivation states to move and be sedentary. It entails 13-items divided into two dimensions: Move and Rest—5 items each—and three filler items not considered in the scoring scheme. Examples from the Move factor items are, “I want/desire to move my body” and “I want/desire to expend some energy.” Examples from the Rest factor are, “I want/desire to do nothing active” and “I want/desire to be a couch potato.” Whereas one example from the filler items is, “I want/desire to burn some calories.” Participants rated the statements on an 11-category rating scale from “0—not at all” to “10—more than ever” according to their motivation to either move or be sedentary right now or at this very moment. The scale has good psychometric properties (Stults-Kolehmainen et al., 2021a). Reliability of the scale is high (McDonald’s ω for both Move and Rest = 0.97). CRAVE reliably measures state-like properties of motivation and has good test–retest reliability. Across-session (i.e., over 1 h) interclass correlations (ICC) for Rest (ICC = 0.69–0.88) and Move (ICC = 0.72–0.95) are greater than those measured across 2-years’ time (Rest: ICC = 0.49; Move: ICC = 0.53). Respondents report large changes in CRAVE with maximal aerobic fitness testing, with Move decreasing (Cohen’s dav = 1.05) and Rest increasing (Cohen’s dav = 0.82). It has small to moderate associations with psychosomatic sensations, such as energy, fatigue, and tiredness. The process of translation was described above.



Godin-Shephard leisure-time physical activity questionnaire (GSLTPAQ)

We used the Brazilian-adapted version of GSLTPAQ (São-João et al., 2013). This measure is a 4-item instrument to which participants answered how many times in a 7-day period they engaged in mild/light, moderate, or strenuous exercise practices for more than 15 min (Godin, 2011). Item one takes into account strenuous exercise (e.g., running, jogging, hockey, football, soccer, etc.). Item two entails moderate exercise (e.g., fast walking, baseball, tennis, easy bicycling, volleyball, etc.). Item three queries about mild/light exercise (e.g., yoga, archery, fishing from a riverbank, bowling, etc.), and item 4 asks how many days within a 7-day period, the participant engages in exercise or physical activity that accelerates their heart-rate. To determine exercise volume, we calculated the Leisure Score Index (Godin, 2011), which is the number of exercise bouts reported in items 1, 2 and 3 multiplied by 9, 5 and 3 (METs, or metabolic equivalent of task values for strenuous, moderate, and light exercise), respectively (Amireault and Godin, 2015). For example, a participant who only engages in mild exercise four times in a week has a Leisure Score Index (LSI) of “4 × 3 = 12.”




Statistical analysis

For descriptive statistics, we calculated arithmetic means, standard deviations (SD), skewness, and kurtosis. The last two indices were adopted to assess normality; we considered the data to be normal whenever both skewness and kurtosis statistics remained between −2.0 and +2.0.

To ensure that this study’s sample was representative of Brazilians, we followed the guidelines from the normative resolution (#031/2022) of the Brazilian Federal Council of Psychology (CFP, 2022) that requires either at least 150 participants from three of the five regions in Brazil or a total 1,000 participants. Due to the nature of online recruitment and snowball sampling method, we decided to follow the second rule and collected data on at least 1,000 participants.

Standardized norms based on percentiles were calculated for the two CRAVE factors: Move and Rest. Interpretation of data was as follows: below percentile 10—low wants/cravings, between percentiles 10 and 25—wants/cravings below average, between percentiles 25 and 75—average wants/cravings, between percentiles 75 and 90—wants/cravings above average, and above percentile 90—high wants/cravings.

We adopted Baumgartner (2009) guidelines to develop the normative data (percentile norms) based on percentile ranks. Generally, ROC curve and cut off thresholds are adopted to develop normative cut offs, particularly in the case of clinical diagnosis, which is not the case for ARGE. Accordingly, Crawford et al. (2011) showed that ROC-based cut off norms and percentile norms are equivalent among 10 of the most cited self-reported mood assessment measures, which enables us to utilize percentile ranks to calculate our norms.

We developed a product–moment correlation matrix with demographic variables, scores for the STAI-State, CRAVE Move and Rest (both the 10-item and 13-item scoring), MET mild/light, moderate and strenuous, BMI, and self-reported number of days of exercise in the past week for convergent validity purposes. Additionally, we calculated internal consistency using three indices: Cronbach’s alpha, Guttman’s Lambda (Trizano-Hermosilla and Alvarado, 2016), and Mislevy and Bock’s (1990) reliability index. All reliability indices with values above 0.70 were considered adequate.

Regarding the factor analysis, we first divided the sample into two subsamples with the same number of participants using the randomization tool of Microsoft Excel. Thus, a sample of 1,168 participants yielded two subsamples of 584 participants each. With the first sample we conducted the exploratory factor analysis (EFA), whereas we performed the confirmatory factor analysis (CFA) with the second sample.

Due to the nature of our CRAVE data (i.e., an ordinal, Likert-type rating scale), we followed the recommendations from Timmerman and Lorenzo-Seva (2011) to conduct the EFA using the polychoric correlation matrix with the optimal implementation of Parallel Analysis (PA) as the procedure for determining the number of dimensions, the Unweighted Least Squares (ULS) for factor extraction, and Promax rotation to achieve factor simplicity. To assess the adequacy of the correlation matrix we adopted the Bartlett test—expecting a significance of p < 0.05—and the Kaiser–Meyer–Olkin (KMO) test that should retrieve a result above 0.80. Explained variance of factors, items’ factor loadings, and fit statistics [i.e., goodness-of-fit (GFI) and Root Mean Square of Residuals (RMSR)] followed the recommendations of Kelley (1935) and Lorenzo-Seva (2003). We designated an item to a factor if the factor loading was above 0.30, whereas the GFI expected should be above 0.90 and the RMSR below 0.04 (Kelley, 1935; Lorenzo-Seva, 2003).

We conducted the CFA using Jöreskog and Moustaki (2001) recommendations for ordinal variables; we used Unweighted Least Squares (ULS) as the method of estimation, leaving all parameters on default. We tested two models: the 13-item version of CRAVE and the 10-item model based on the structure found by Stults-Kolehmainen et al. (2021a). We evaluated the models via five fit indices, two error indices, and two information criteria for model comparison. Fit indices were goodness-of-fit (GFI), the adjusted goodness-of-fit (AGFI), the normed fit index (NFI), the parsimony normed fit index (PNFI), and the comparative fit index (CFI). The first two are fit indices to compare empirical data and the hypothesized model; the other two verify the fit between the normed hypothesis and the empirical data. Finally, the CFI evaluated the comparison between the null-hypothesis and the tested model in regard to the empirical data. All fit indices were expected to be above 0.90 (Lorenzo-Seva, 2003). Error indices were the Root Mean Square Error of Approximation (RMSEA) and the Standardized Root Mean Square Residual (SRMR); both should be below 0.05. Finally, we used the Aikake Information Criterion (AIC) and the Consistent AIC (CAIC) as information statistics to establish the best model; the lowest values correspond with the best model (Jöreskog and Moustaki, 2001).

Descriptive statistics, normative data, and correlations were performed using R-packages psych and corrplot. We used the application Factor 9.2 (Lorenzo-Seva and Ferrando, 2013) to perform the EFA and LISREL 8.80 (Jöreskog and Sörbom, 1996) for the CFA.




Results

Descriptive statistics, skewness, and kurtosis are presented for the whole sample (N = 1,168; 71.5% female) in Table 1. All CVC scores were above 0.80, which showed that the Brazilian-adapted version of CRAVE was adequate and well-adapted. Normative data (i.e., percentiles, cut-offs) are provided in Supplementary material 2. After randomly separating the Exploratory Factor Analysis (EFA) and the Confirmatory Factor Analysis (CFA) samples into two subsamples of 584 participants each, we found in the EFA sample (71.8% female) an average age of 30.84 years (SD = 12.63), an average BMI of 25.27 (SD = 5.12), and an average of 2.16 days of exercise per week (SD = 2.18). The CFA sample (71.2% female) had an average age of 30.27 years (SD = 11.78), an average BMI of 25.24 (SD = 5.40), and an average of 2.31 days of exercise per week (SD = 2.30). The Leisure Score Index (LSI) for the entire sample was 47.49, indicating that this group was, on average, sufficiently active (Amireault and Godin, 2015).



TABLE 1 Descriptive statistics for the entire Brazilian sample (N = 1,168) in Studies 1 and 3, including mean, standard deviation (SD), skewness, and kurtosis.
[image: Table1]

To ensure statistically non-significant differences between the CFA and EFA samples, we conducted t-tests on three basic sample characteristics: age, BMI, and exercise frequency. Results of the t-test for age revealed no significance [t(583) = 0.83; p = 0.41; Cohen’s d = 0.05; power = 0.54]. Similar results were retrieved for BMI [t(583) = 0.12; p = 0.91; Cohen’s d = 0.01; power = 0.91] and for days of exercise per week [t(583) = 1.05; p = 0.29; Cohen’s d = 0.07; power = 0.55].

Reliability metrics of CRAVE (ARGE) factors were calculated separately. The Move subscale yielded a Mislevy and Bock (1990) reliability estimate of 0.94, a Cronbach’s alpha of α = 0.93 and a Guttman’s Lambda of λ = 0.92; whereas the Rest subscale retrieved a Mislevy and Bock (1990) reliability estimate of 0.92, a Cronbach’s alpha of α = 0.92 and a Guttman’s Lambda of λ = 0.92. These results suggest good reliability for both CRAVE subscales.


Exploratory factor analysis (EFA)

The EFA results yielded as the best solution a 2-factor structure with a moderate, negative, and significant correlation between dimensions (r = −0.63). Table 2 depicts descriptive statistics and factor loadings of the 13-item Brazilian-adapted version of CRAVE. Regarding the correlation matrix adequacy, the Bartlett test retrieved a significant result [5808.6 (df = 78; p < 0.001)], and the Kaiser–Meyer–Olkin statistic was considered good (KMO = 0.93). The bidimensional structure explained 70.36% of the cumulative variance, whereas only the two first factors showed eigenvalues above 1.0 (more precisely, 7.37 and 1.78, respectively). The goodness-of-fit index presented a good fit of the correlation matrix to the hypothesized bidimensional structure (GFI = 1.00), and the Root Mean Square of Residuals was within the expected amount of measurement error (RMSR = 0.028).



TABLE 2 Descriptive statistics and factor loadings for Move and Rest subscale items in the exploratory factor analysis (EFA) for the 13-item version of the ARGE (Brazilian-adapted version of CRAVE scale; Study 1).
[image: Table2]



Confirmatory factor analysis (CFA)

We tested two models in the CFA based on the 13-item scored version of CRAVE that was adapted to Brazil and the 10-item scored version suggested by Stults-Kolehmainen et al. (2021a) as the best solution to measure movement and sedentarism motivation states. Table 3 depicts selected fit indices and error statistics. Based on the lowest AIC and CAIC, the 10-item model is the best solution for the Brazilian-adapted version of CRAVE as well. The 13-item version did not hold error below Kelley (1935) criterion, whereas the 10-item version did—additional evidence that suggests the latter version provides the best scoring structure.



TABLE 3 Fit indices, error statistics, and Aikake information criteria retrieved by the confirmatory factor analysis (CFA) for both the 10- and 13-item scoring schemes of the ARGE (Brazilian-adapted CRAVE scale; Study 1).
[image: Table3]

The 13-item model presented a significant chi-square [χ2(64) = 498.56; p < 0.001]. The path coefficient between dimensions retrieved a moderate, negative association (β = −0.61). Relationships between items and the Move factor varied between β = 0.65 (item 5—Move) and β = 0.92 (item 13—Move), whereas those items with Rest presented path coefficients between β = 0.73 (item 12—Rest) and β = 0.85 (item 8—Rest).

The 10-item model yielded a significant chi-square [χ2(64) = 126.94; p < 0.001], though this statistic showed a lower value than for the 13-item model. The relationship between factors in this model retrieved a slightly higher negative association than the other model (β = −0.65). Path coefficients between items and the Move factor varied between β = 0.79 (item 1—Move) and β = 0.91 (items 9 and 13—Move), whereas regarding Rest, path coefficients varied between β = 0.74 (item 3—Rest) and β = 0.84 (items 8 and 10—Rest).



Evidence of validity

We calculated the product–moment correlation between the 10- and 13-item subscale scores of CRAVE (i.e., Move and Rest), along with other variables that may relate to wants and urges to be active or sedentary. Those variables were:

a. self-reported number of days the participant engaged in exercise in the last week (frequency of exercise),

b. the frequency of light or mild, moderate and strenuous intensity activities [determined by metabolic equivalent of task (MET)] as measured by the Godin-Shephard Leisure-time Exercise Questionnaire, plus the composite score, called the Leisure Score Index (LSI),

c. body mass index (BMI), and

d. state anxiety as measured by the State–Trait Anxiety Inventory (STAI).

BMI was the only variable not associated with wants to move or be sedentary. Nevertheless, the 5-item Rest subscale showed a small, but significant negative correlation with BMI. The frequency of exercise was positively associated with urges to move, whereas it negatively correlated with wants to be sedentary. To different degrees, light, moderate, strenuous, and total exercise (in METS) correlated positively with wants to move and negatively with urges to rest, following the same pattern of frequency of exercise. State anxiety was negatively associated with wants to move; however, this relationship was small (r = −0.10). Furthermore, the urge to be sedentary was correlated with state anxiety to a larger extent (r = 0.26). See Figure 1.
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FIGURE 1
 Correlation matrix (heat map) of CRAVE Move and Rest subscales with additional variables (i.e., exercise, BMI, state anxiety) to evaluate evidence of convergent and discriminant validity (Study 1)*†. *MET Light or Mild = number of times over the last 7 days completing at least 15 min of light or mild intensity leisure time exercise. MET Moderate = number of times over the last 7 days completing at least 15 min of moderate intensity leisure time exercise. MET Strenuous = number of times over the last 7 days completing at least 15 min of vigorous intensity leisure time exercise. † LSI = Leisure Score Index (sum of MET scores).





Discussion

The ARGE, the translated version of the CRAVE scale, appears to have good psychometric properties and is thus valid for testing in Brazilian Portuguese. The scale had good content validity, as rated by multiple independent raters. It also had good reliability. Factor analyses provided a two-factor solution, as found in previous studies (Stults-Kolehmainen et al., 2021a). Additionally, CFA analysis verified the original 10-item scoring scheme as opposed to a new 13-item scoring. As with previous studies, BMI was not associated with desire to move, but had a very small association with desire to be sedentary. Though correlations were small, the 10- and 13-items versions of the ARGE had nearly identical associations between Move and Rest subscales with state anxiety as well as light-to-strenuous exercise behavior. Nonetheless, exercise-related variables related weakly with motivation states. This seems to contrast with results from Stults-Kolehmainen et al. (2021a), who found that stage-of-change for exercise has a very clear relation with the desire to move and rest, though this last construct is more closely related to habit.

This study has some notable limitations. First, the “Past week” version of the scale was not utilized as in previous studies (Stults-Kolehmainen et al., 2021a). Furthermore, our assessments were conducted during the COVID-19 quarantine, a time of high societal stress (Blacutt et al., 2021; Stults-Kolehmainen et al., 2021b; Filgueiras and Stults-Kolehmainen, 2022). However, CRAVE was only weakly associated with mental health factors, like state anxiety; therefore, this should not have been an undue problem. The exercise measure we used, the Godin-Shepard Leisure-Time Physical Activity Questionnaire, is highly utilized and is related to physical fitness, but has limited correspondence with objectives measures of physical activity, such as accelerometry (r = 0.45; Miller et al., 1994). Therefore, future studies should compare the ARGE to objective measures of energy expenditure. Despite some limitations, there were several notable strengths, including: (a) a large sample from across Brazil, and (b) content validity with additional, independent raters. Overall, the psychometrics for this new version were as strong or better as those demonstrated in the original validation paper (Stults-Kolehmainen et al., 2021a). Therefore, the adapted scale is suitable for additional cross-cultural, longitudinal, and exercise training studies involving Brazilian samples.




Study 2


Introduction

As part of the psychometric validation process, it is important to gather prospective data. For psychological states, it would be expected that data would vary to a high degree from day to day (even moment to moment), but these should correspond more closely over a shorter period (e.g., 30 min) than a longer period (e.g., across an entire day). Motivation states should also change in response to a physical stimulus, or a deprivation of stimuli (Stults-Kolehmainen et al., 2020). In our previous studies (Stults-Kolehmainen et al., 2021a), we found that the CRAVE scale captured motivational states rather than traits, as determined by intra-class correlations (ICCs) in a sample of >100 individuals assessed twice in a laboratory session, repeating every 6 months for over 2 years. The anticipated pattern of longitudinal responses was also demonstrated in a sample of undergraduate students who took CRAVE three times during prolonged sitting (i.e., a 50-min lecture period). In this study (Stults-Kolehmainen et al., 2021a), students’ desire to move increased and desire to rest decreased just before class ended. Similar results were found in focus groups of 17 students from the same Midwestern state (Stults-Kolehmainen et al., 2023). Moreover, after these interviews not only did Move scores increase (and Rest scores decrease) as expected, but the variance across participants decreased as well suggesting higher correspondence after similarly structured activities compared to before. With a sample from the Southwest of the United States, we found robust decreases in CRAVE-Move with a maximal treadmill stress test along with concomitant increases in CRAVE-Rest (Stults-Kolehmainen et al., 2021a). Furthermore, in this same study Move and Rest pre-testing were inversely associated (r = −0.37), and this relationship was stronger post-exercise (r = −0.64). With the new, Portuguese version (ARGE), similar responses would be expected.

Substantial attention has been given to interval training in recent years, with bouts of aerobic activity ranging from a few seconds to a minute (de Sousa et al., 2018). Short Sprint Interval Training (sSIT) consists of high-intensity aerobic exercise engaged for <10 s. Unlike our previous investigation, which used a maximal exercise stimulus designed to rapidly drain energy systems (Stults-Kolehmainen et al., 2021a), sSIT training does not exhaust anaerobic or aerobic metabolism—as demonstrated with minimal lactate accumulation (Flores et al., 2018). Consequently, while the exercise intensity is supramaximal during the very short sprinting bouts, it does not result in excessive fatigue and pain. This is important as lactate accumulation has been associated with reduced motivation to move and continue exercise (Taylor et al., 2022). This may discourage physical activity for some people. However, there is still a robust improvement in affective and cognitive responses, such as enhanced psychological attention (de Sousa et al., 2018; Gerber et al., 2018). Gerber et al. (2018) found that affective and motivational responses were the same for Sprint Interval Training (SIT) and continuous aerobic exercise, though they did not observe changes in motivation states—instead measuring changes in more stable constructs of intrinsic and extrinsic motivation. However, a recent meta-analysis found that shorter sprints are associated with more positive affective responses (Metcalfe et al., 2022).

The primary purpose of this study is to examine the instrument’s validity with changes in motivation states in response to exercise stimuli. Due to their highly transitory nature, as well as responsiveness to numerous stimuli and previous behaviors (Budnick et al., 2023), we hypothesized that motivation states measured before exercise sessions (intra-individual) will have low correspondence. However, responses following sprint sessions should have greater correspondence. We also predict that motivation states will change with exercise. However, we do not have a specific hypothesis for how motivation will change pre- to post-sprints because the nature of the exercise is quite different from our previous trials, and less research has been completed with this type of training.



Materials and methods


Participants

This study is part of a larger clinical trial investigating the use of Short Sprint Interval Training (sSIT) training for depression; consequently, this was a sample of convenience. The sample consisted of nine women clinically diagnosed with depression, with a mean age of 37.9 ± 11.9 and a mean BMI of 28.2 ± 4.5 kg/m2, who were recruited through pamphlets and posters in local psychiatric care establishments and through dissemination in digital media. The inclusion criteria were: having a diagnosis of moderate or severe depression as determined by the Brazilian Portuguese version of the Mini International Neuropsychiatric Interview (MINI) assessment—administered by a psychiatrist (Amorim, 2000; Wu et al., 2020), being sedentary, and signing the Free Informed Consent Form. These participants also completed the 21-item Hamilton Depression Scale (HAM-D21; Hamilton, 1967; Carneiro et al., 2015). The HAM-D21 is the most widely used clinician-administered depression assessment scale. The scale contains 21 items pertaining to symptoms of depression experienced over the past week to be applied as a structured interview. The participants’ average and standard deviation at baseline was 24.6 ± 8.2.

Exclusion criteria were: being pregnant, having diseases or conditions that interfere with cardiovascular responses (e.g., having a pacemaker, severe stenosis, heart failure, among others), taking medications that interfere with cardiovascular responses, presenting with any absolute contraindication to perform the cardiorespiratory test or high-intensity physical exercise, and performing physical exercise on a regular basis. Menstrual cycle was not queried or controlled.



Procedures

The volunteers underwent six sessions of approximately 10 min of the short Sprint Interval Training (sSIT) protocol, on a cycle ergometer, consisting of 4–12 maximal sprints each lasting 5 s, with an active rest interval of ≥30 s at 50 W. Training sessions were completed three times a week, all in the morning hours, with a 48-h rest between sessions. Sessions were held at the Maria Aparecida Pedrossian University Hospital (HUMAP) of the Federal University of Mato Grosso do Sul (UFMS). There were 2 min of warm-up followed by the sprint protocol and then 2 min of cool-down at 50 rpm and 50 W load. To perform the maximal sprints, an overload corresponding to 5% of body weight was added (Gillen et al., 2016; Flores et al., 2018). In the first week, the free and informed consent form was signed, and the initial assessment and familiarization took place. In the second and third weeks, the 5 s sSIT training bouts were performed in a linear, periodized fashion.



Instrumentation

Motivation states for physical activity and sedentary behavior were assessed using the 13-item Brazilian version of the CRAVE scale (Stults-Kolehmainen et al., 2021a), called the ARGE (Anseios por Repouso e Gastos de Energia), with construct validity and psychometric properties described in Study 1. The volunteers completed the ARGE scale 5 min before and 5 min after each SIT session. The 10-item scoring scheme was utilized, per the psychometrics above.



Statistical analysis

Two repeated measures ANOVAs were run with Time (Pre, Post) and Sprint session (i.e., 3–4, 4–6, 6–8, 10–12, 6–8 [again]) as within-subjects factors for both Move (Mover) and Rest (Descansar) subscales. To examine intra-rater reliability, intra-class correlations (ICCs) were calculated with a two-way mixed effects model (using absolute agreement) according to guidelines from Koo and Li (2016). This model represents the reliability of specific raters in the experiment, and the ICC’s cannot be generalized to other raters or studies. While the use of interrater reliability analysis (in this case, intra-rater) is a less common approach, it is most appropriate for the current investigation. ICCs were calculated for all data and data without session 1, which exhibited some correlations that differed substantially from the rest of the sessions.




Results


Changes in Move and Rest

Composite scores of Move and Rest had varying degrees of association by pre- and post-measurement, with the strongest and only significant association being between Rest and Move post-sprints (r = −0.84). See Figure 2. Prior to sprinting, Move scores visually seem to be higher than Rest scores. Furthermore, Move scores visually appear to have increased after all sprints while Rest scores appear to have decreased after all sprints.
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FIGURE 2
 Pearson’s r heatmap (Study 2). Averaged across all levels of sprint, Move and Rest post-sprint observations were negatively correlated (r = −0.84, p < 0.01).


For Move, however, we could not reject the null hypothesis for Time (p = 0.28, ɳ2 = 0.16), Sprint (p = 0.65, ɳ2 = 0.09), or Time X Sprint (p = 0.28, ɳ2 = 0.03). Likewise, for Rest we could not reject the null hypothesis for Time (p = 0.14, ɳ2 = 0.29), Sprint (p = 0.59, ɳ2 = 0.10), or Time X Sprint (p = 0.75, ɳ2 = 0.05). Mauchly’s test of sphericity indicates that this assumption was violated so we used the Greenhouse–Geisser correction when appropriate. See Figures 3A,B.
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FIGURE 3
 (A,B) Changes in Move and Rest across six sessions of sSIT exercise training for nine women (Study 2). Lines represent each exercise training session (i.e., session with 3 or 4 sprints; 4 or 6 sprints, etc.).




Intra-rater reliability

Intra-class correlations (ICCs) were small for Move pre-sprints (0.33 and 0.39 for all sessions and session 2–5, respectively), but strengthened to 0.83/0.84 post-sprints. Likewise, ICCs for Rest strengthened from very low (0.01 and 0.10) to moderate (0.68 and 0.67) from pre- to post-training. ICCs for pre- to post-scores for both Move and Rest were low to moderate. See Table 4.



TABLE 4 Two-way mixed effects model using absolute agreement (Study 2).
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Discussion

In this small, pilot study of depressed women engaging in short Sprint Interval Training (sSIT), we found that the Brazilian version of the CRAVE scale (ARGE) was stable for Move and Rest measurements taken after exercise training sessions but not for measurements taken before each session’s sprints. This was demonstrated with intra-class correlations (ICCs), indicators of correspondence within groups, which were stronger for both Move and Rest after individual sprint training sessions than before sprint sessions. This is in line with the theoretical basis of motivation states (i.e., the WANT model)–that they are transient and can vary greatly from moment to moment, hour to hour, and day to day. However, there should be greater correspondence between these states after a standardized stimulus exposure in a highly controlled laboratory environment, even when repeated multiple times. This provides further evidence that CRAVE/ARGE reflects a state more so than a trait, as we have demonstrated in previous studies (Stults-Kolehmainen et al., 2021a). These data also serve to provide extra validation for the CRAVE/ARGE scales.

While not significant, with visual inspection of the data it is apparent that Move increased from pre- to post-sprints, and Rest decreased. This study was greatly underpowered (i.e., very small sample size); therefore, there were no significant results for the effects of time (pre vs. post), session, or the interaction of these factors. However, effect sizes were medium (for across sessions) and large (for pre-post sprint session), indicating that with a greater number of similar participants, it is likely that the null hypotheses would have been rejected (Richardson, 2011). If these trends were to hold with a larger sample size, one might interpret the data in a few different ways: (a) depressed women were reinforced to move with each sSIT training session, (b) sSIT training results in psychological responses that differ from other training methods, or (c) both. Interestingly, our previous work with high intensity weight training found that highly stressed, but not depressed, individuals had blunted affective responses compared to lower stressed individuals, including less pain (Stults-Kolehmainen et al., 2016). Previous studies have shown that sSIT results in improved hedonic tone, similar to other forms of exercise (Gerber et al., 2018), less pain, and perhaps greater “liking” or enjoyment of movement (Metcalfe et al., 2022). Our previous data have demonstrated that short Sprint Interval Training (sSIT) typically results in improved psychological attention (de Sousa et al., 2018). Thus, it is also possible that participants were able to attend to internal sensations (i.e., interoception) better at the end of training sessions compared to pre-session, which is important because both endogenous and exogenous factors likely contribute to motivation states for movement and sedentarism (Stults-Kolehmainen et al., 2022).

This was a pilot study with only nine women attending six sessions of training; thus, few conclusions could be drawn, and several limitations were evident. First, with the small sample size and short intervention, we were not able to examine any chronic or enduring changes from baseline to post-intervention (e.g., in depression status). Moreover, there was no comparison group with non-depressed individuals and no measure of physical activity behavior to ascertain the participants’ degree of psychomotor retardation. Future research should expand the sample and training period. There were sufficient data to determine consistency of the measures before and after sSIT sessions. Unfortunately, there were no measures during inter-sprint recovery periods or for the recovery period after sSIT training. There were few explanatory variables collected to assist with understanding the clinical implications of improved desire to move with training sessions. For instance, if people want to continue to move more with a sSIT training session, should we encourage them to do so? Motivation states may vary by setting, whether laboratory-based or real-world (e.g., anticipating upcoming physical activity, naturally occurring, changing patterns of physical activity), which may impact the “want to” move vs. the “have to” move. Future research should explore this as well as control for menstrual status, which is known to have an impact on affective and possibly motivational outcomes (Garcia et al., 2022).




Study 3


Introduction

The CRAVE scale, while psychometrically robust, contains 13 items that take about 90 s to complete. This hinders use of the scale during task (e.g., while exercising) and in ecological momentary assessment (EMA) studies. Taylor et al. (2022) used an unvalidated single-item motivation states measure during vigorous exercise, finding that exercise intensity over lactate threshold resulted in rapid increases in the desire to stop exercising. Do et al. (2022), Ponnada et al. (2022), and Crosley-Lyons et al. (2023) have developed and utilized single-item measure for EMA studies, which are still ongoing validation. Multiple other single-item scales exist as well, all unvalidated (discussed by Stults-Kolehmainen et al., 2021a). Lack of valid instrumentation is the prominent hindrance in the investigation of motivation states for movement, physical activity, and sedentarism (Williams and Bohlen, 2019). Therefore, the objective of this study is to validate single-item versions for both the CRAVE and ARGE instruments (Move and Rest subscales).



Materials and methods


Participants

The sample of this study was constituted by the same participants from Study 1 (above) and two American samples described by Stults-Kolehmainen et al. (2021a) (see Data availability section). We opted to use the right now databases of both the American and Brazilian CRAVE scales, using the 10-item scoring scheme.



Procedures

We asked permission of Stults-Kolehmainen et al. (2021a) to use the American databases of the CRAVE scale—available in an open repository. We then conducted statistical analyses on both the Brazilian and American databases. We needed to equate items to make internal comparisons using Item Response Theory (IRT). To do that, we opted for a vertical “equating” (Cook and Eignor, 1991) merging all databases into a single spreadsheet according to the recommendations from Baker (1992) and Wright (1993). Analyses were conducted using the equated database. We analyzed Move and Rest factors separately.



Statistical analysis

To determine the best single item to represent the Move and Rest subscales in the Brazilian and American versions, we opted to use the item information curve (IIC) based on the Graded Response Model (GRM), an IRT model for ordinal polytomous items developed by Samejima (1969). The level of information is the opposite of the level of error, which means that the item that provides more information is also the item with less measurement errors. Equating both American and Brazilian databases into the same dataset allowed comparison between IICs based on GRM (Baker, 1992).

Due to potential differences of IIC, we decided to further investigate whether items functioned similarly or not for the Brazilian and American datasets. Thus, we conducted a differential item functioning (DIF) analysis comparing the three datasets. To allow comparisons, we calculated chi-square statistics and Aikake and Bayesian information criteria (AIC and BIC, respectively) for each item. This way, we might provide evidence to support whether different weights and likelihoods of endorsement between countries were present.




Results

We used the item information curve (IIC) to investigate which item from each CRAVE subscale (i.e., 5 items each for Move and Rest) best represented the latent trait (i.e., had higher levels of information). We employed the same method to both the Brazilian and the American databases yielding one item for each subscale for both countries. Figure 4A depicts IIC for each CRAVE/ARGE Move subscale item displayed by country, whereas Figure 4B presents the same graph for Rest items.

[image: Figure 4]

FIGURE 4
 (A,B) Items from the CRAVE and ARGE scales, analyzed with the Item Information Curve (IIC) and plotted by country (Study 3). The X axis is the latent trait (omega) and the Y axis is the level of information.


Our results suggested that item 9 in the Brazilian version of the Move subscale (“exercitar meus músculos/exert my muscles”) and item 8 of the Rest subscale from the same country (“não levantar do sofá/be a couch potato”) presented the highest levels of information. Whereas Move item 2 (“estar fisicamente ativo/be physically active”) and Rest item 7 (“ficar quieto/be still”) for the American CRAVE version were the most informative items. This means that the single-item Brazilian version of CRAVE should consider items 9 and 8 to represent Move and Rest subscales, respectively, whereas items 2 and 7 of the American CRAVE correspond to the single-item version of the Move and Rest subscales, respectively. Due to the difference of item information between countries, we decided to further investigate these distinctions using the differential item functioning (DIF) analysis. Table 5 summarizes the DIF results comparing the Brazilian and American samples.



TABLE 5 Brazilian and American versions of Move and Rest CRAVE items with chi-square statistics and Aikake and Bayesian information criteria (AIC and BIC, respectively) for the Brazilian and the two American samples (USA 1 and USA 2; Study 3).
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Results from DIF showed that, at least according to AIC and chi-square statistics, all items from the Move subscale functioned differently between Americans in the first sample (USA 1) and Brazilians, whereas item 6 had similar item functioning when comparing Brazilians and Americans from the second sample. It was easier for Brazilians to endorse items 6, 9, and 13, whereas Americans from samples 1 and 2 scored significantly higher on items 1 and 2. However, if we consider the positive BIC, item 6 did not function differently in Brazil in comparison to the United States in either sample, which means it is inconclusive whether item 6 shows DIF or not; however, it tends to function similarly across countries.

Among items from the Rest subscale, items 4 and 10 presented non-significant functioning between Brazil and USA 1, whereas the second American sample (USA 2) only yielded non-significant statistics in item 4, which suggests that item 4 is equivalent in both countries, but item 10 might not be; it is inconclusive. Nevertheless, items 3 and 7 were easier for Americans to endorse, whereas item 8 was scored higher among Brazilians. This way, we provided evidence to support different weights and likelihood of endorsement between countries.

We found a DIF between the two American samples. Item 2 (“be physically active”) retrieved a significant p-value (0.033) and a large enough AIC and BIC to enable different item functioning between samples USA 1 and 2. According to our results, sample USA 1 was less likely to endorse item 2 than sample USA 2. Regardless, with the exception of item 2, other Move and Rest items showed equivalent item functioning between the American samples, which was expected.



Discussion

The current study utilized an Item Response Theory model to reduce the 10-item CRAVE and ARGE scales (5 items each for Move and Rest) into single items for each subscale. We found that the ARGE (Brazilian version of CRAVE) was best represented by (“exercitar meus músculos/exert my muscles”) for Move and (“não levantar do sofá/be a couch potato”) for Rest subscales. On the contrary, the best items in the North American version (original CRAVE) were (“be physically active”) and (“be still”) for Move and Rest, respectively. The concept of “being still,” or a lack of motion, as representative of sedentary activities and rest seems to make sense as it is the physical condition common to sitting, laying down, watching television (typically), etc. It is also relevant in light of psychological phenomena, like freezing (e.g., in the face of threat, or in highly specific situations common to sport, like the moment before a gun fires to start a race), which are states of inactivity and behavioral inhibition but not physical or mental rest, per se (Stults-Kolehmainen and Sinha, 2014; Roelofs, 2017). Indeed, an entire special issue in Philosophical Transactions was dedicated to the topic of stillness, stopping motion, and “not moving” (Noorani, 2017; Noorani and Carpenter, 2017; Roelofs, 2017). Noorani and Carpenter (2017) concludes that, “…the maintenance of stillness is not simply a matter of doing nothing: it requires as much if not more active and accurate control as creating the movements themselves.” This phenomenon was deemed “neglected” but is highly relevant for the control of motivated action of movement and sedentary behavior. Interestingly, the most representative item for Brazilian Portuguese was “não levantar do sofá (“be a couch potato”), which may reflect the general idea of being “stuck” or highly fatigued and less akin to indolence or laziness, key themes discovered in a recent qualitative study (Stults-Kolehmainen et al., 2023). Adaptations of other psychological instruments from English to Brazilian Portuguese have found similar linguistic and cultural challenges (Vignola and Tucci, 2014), and may be due to problems with the translation, back translation, or other deeper factors.

Using the information curve based on the graded response model to decide the best (most informative) item to use as a single-item instrument is relatively novel and innovative (Böhnke and Lutz, 2014; Sekely et al., 2018; Wang et al., 2022). This technique is also prone to loss of other types of information and some of the nuances and details regarding individual differences in either Move or Rest or even both, which can limit the use and interpretation of CRAVE as a measurement instrument. Using differential item functioning (DIF) analysis, we found that all but two of the 10 items differed between Brazilian and North American samples, signifying potential cultural differences, or perhaps differences along some other random factor. For instance, the Brazilian samples were also approximately a decade older than the American samples (30.8 and 30.3 years vs. 20.9 and 20.3 years). Thus, we cannot ignore the potential influence of age, but in our previous work we determined that motivation to exercise (and not move, per se) varied little across this period of life (Stults-Kolehmainen et al., 2013a). The IIC provides insights into item quality and its ability to differentiate individuals based on the measured latent trait (Baker, 1992). IICs vary across independent samples (Samejima, 1969), making them more sensitive to detecting differences in comparison to the Classical Test Theory (Baker, 1992). As our instrument measures volatile motivational states, discrepancies in IIC results are likely (Lord, 1975). However, despite slight differences in IICs between the two United States samples, the overall pattern remained, demonstrating strong evidence of item reliability. It might also be considered that a different single item could be a better representation of motivation states to be active or sedentary than any of the items developed as part of the CRAVE scale, such as the “feel like” item from the Dunton laboratory (Do et al., 2022; Ponnada et al., 2022; Crosley-Lyons et al., 2023). Our general assessment, however, is that the single-item subscales found from this IRT analysis are valid and should be utilized in future studies, as outlined in the general discussion below.




General discussion

The present study makes several incremental advancements in the measurement of affectively-charged motivation states (ACMS) for physical activity and sedentarism (Stults-Kolehmainen et al., 2020). First, we conducted the first translation and cultural adaptation of the CRAVE scale (Stults-Kolehmainen et al., 2021a), in this case into Brazilian Portuguese, creating the ARGE scale. This instrument was found to have good psychometric properties, similar to the original CRAVE scale or better. Importantly, these analyses verified the factor structure of the CRAVE scale in a new population from a different country and in another language. We used these data to compare 10- and 13-item scoring schemes of the CRAVE/ARGE scales, finding that the originally validated 10-item scoring had the best psychometric properties. This is ideal as it substantiates two 5-item subscales (i.e., Move and Rest) that range from 0 to 50 points each, which simplifies interpretation. The data were associated in the predicted manner with metrics from the Godin-Shepard Leisure Time Physical Activity Questionnaire—the first time motivation states data have been compared to exercise behavior. Prospective data from a trial involving short Sprint Interval Training (sSIT) determined that the ARGE reflects a state more than a trait. We also found some large effects in motivation states pre- to post-sprint sessions, which were not significant due to the small sample size in Study 2. Using Item Response Theory, we were able to reduce the scale down to two items (1 for Move and Rest) for the original CRAVE and new ARGE scales. Differences in these items revealed some potential cultural differences between the United States and Brazil for motivation for physical activity and sedentarism, one of the first reports to note such variation.

The psychometrics of the new ARGE, while highly similar to the psychometrics from the original CRAVE scale, had some apparent small differences. For instance, in our previous investigations (Stults-Kolehmainen et al., 2021a), Move and Rest factors are correlated moderately and inversely (r’s = −0.71 and −0.78, in two different studies). In the current study, we found a two-factor solution that was less strongly related (r = −0.63). Previous investigations provided both quantitative and qualitative evidence suggestive of stronger relationships between exercise behavior and motivation states to move and rest (Stults-Kolehmainen et al., 2021a, 2023). In this study, however, there were small associations with leisure-time exercise indicators from the Godin-Shephard Questionnaire. It may be the case that these state measures do not correspond well with exercise measures quantified over a period of 7+ days. We did not include the Past-Week version of the CRAVE scale in these studies, which may have corresponded better with exercise behavior. Also, CRAVE and ARGE relate to movement and physical activity more generally, and not exercise specifically. The ARGE had negligible associations with BMI (as we previously found; Stults-Kolehmainen et al., 2021a) and state anxiety, perhaps because the stress response can result in multifarious and contrasting movement outcomes, such as fight, flight, freeze, and faint (Stults-Kolehmainen and Sinha, 2014). Further evidence is needed from the CRAVE and ARGE scales to evaluate construct, convergent, and discriminant validity. We developed the single-item measure to help researchers and practitioners to collect data longitudinally and to assess motivational states within subjects, not between. However, we acknowledge that this constitutes a limitation in this article and future research is needed to tap into this issue and develop further percentile norms for the single-item measures. The use of the ARGE, as well as the single-item measures for both the CRAVE and ARGE subscales, is unconditional as long as the proper reference from this study is provided.


Future research

Our previous manuscripts have extensively suggested future research possibilities (Stults-Kolehmainen et al., 2020, 2021a, 2022, 2023; Budnick et al., 2023; Flack et al., 2023). Primarily based on limitations that were discussed above for each study, future research could focus on the following 10 areas of need:

1. Tracking motivation states against stronger measures of exercise and PA, including accelerometry, as well as against levels of aerobic and muscular fitness, which has never been documented.

2. Investigating more robust cross-cultural comparisons, including translation of CRAVE into Spanish and other languages.

3. Assessing correspondence of CRAVE and/or ARGE scales with other exercise and sport motivation questionnaires.

4. Associations with other mental health states, psychological feeling states, like arousal and pleasure/displeasure, and “state mindfulness for physical activity” (Cox et al., 2015; Stults-Kolehmainen et al., 2015; Budnick et al., 2023).

5. Associations with metabolic parameters, such as continuous measures of blood glucose.

6. Implementing studies using the single-item subscales during task (e.g., during vigorous exercise; Taylor et al., 2022) and recovery. Determining changes in ACMS with high intensity interval training (HIIT) vs. vigorous and/or moderate intensity aerobic training.

7. Determining if it is appropriate and useful to utilize CRAVE/ARGE normative data for exercise prescription—similar to affect-based exercise prescriptions (Ekkekakis et al., 2004).

8. Using environmental cues, including short, motivational messages, perhaps from fitness wearables, about physical activity tailored for diverse populations to promotes desires to move and be active, a process that has previously been successful in Brazil (Hoehner et al., 2008; Heath et al., 2012).

9. Just in time adaptive interventions (JITAI; Hardeman et al., 2019) to provide just the right amount of support for people when they are experiencing “CRAVE moments”—transient times of wanting to move.

10. Understanding the physiological, affective, and cognitive components of the “CRAVE moment”—high craving as delineated in Supplementary material 2 that might be close to the “mental hijacking” described by Hofmann and Van Dillen (2012) in their Dynamical Model of Desire.




Conclusion

We conducted three studies to improve psychometrics for the measurement of affectively-charged motivation states (ACMS) for physical activity and sedentary behaviors. In Study 1, we adapted the CRAVE scale (Stults-Kolehmainen et al., 2021a) into Brazilian Portuguese to facilitate examination of cross-cultural influences. The revised scale, named the ARGE, appears to have good psychometric properties. Importantly, the basic factor structure replicated with this new population and language, which is important evidence that the basic constructs measured by the CRAVE scale are valid. These data also provide evidence that the original 13-item scale should be used with 10 items scored (5 each for Move and Rest subscales) and 3 unscored fillers. Motivation states had small, but significant associations with indices of exercise behavior; Move predicted more exercise and Rest predicted less. In Study 2, we found stability of Move and Rest after bouts of short Sprint Interval Training (sSIT), but not before, providing additional evidence that this facet of motivation is a state, and not a trait, and is influenced by numerous inputs. We also observed large effects for changes in motivation states from pre- to post-exercise, but these were not significant due to the small sample size. Finally, in Study 3, we developed single-item subscales for Move and Rest that varied by country, which provides some additional evidence that motivation is a culturally influenced concept. Future studies should use the single-item scales to examine changes in the desire or urge to move and rest during exercise. Additional work is also needed to examine other facets of the WANT model (Stults-Kolehmainen et al., 2020), such as aversions (i.e., dread) to move and be active and how they interact with approach motivation for the same activities.
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Statistics (DIF)
P

Scale item*?

Brazil vs. USA Ist sample

Move
1. mexer meu corpo/move my body 3160 1 <0001 ~29.60 —2124
2. estar fisicamente ativo/be physically active 1451 1 <0001 —1251 715
6. gastar um pouco de energia/expend some energy 311 1 0.007 -1 425
9. exercitar meus musculos/esert my muscles 16.86 1 <0001 ~1490 -950
13. me movimentar/move around 1690 1 <0.001 ~1490 ~954

Rest
3. fazer nenhuma atividade/do nothing active 13.85 1 <0.001 ~1185 ~6.49
4.56 ficar sentado/just sit down 015 1 0.699 185 7.21
7. ficar quieto/be still 3519 1 <0.001 -33.19 -2783
8. nio levantar do sofi/be a couch potato 1189 1 <0.001 ~9.89 -453
10. ficar sem me movimentar/be motionless 0.61 1 0434 139 675

Brazil vs. USA 2nd sample

Move
1. mexer meu corpo/move my body 2495 1 <0.001 -2295 -1757
2. estar fisicamente ativo/be phy lly active 1.90 1 0.169 0.10 549
6. gastar um pouco de energia/expend some energy 053 1 0528 147 685
9. exercitar meus misculos/exert my muscles. 2023 1 <0.001 —18.23 —12.84
13. me movimentar/move around 16.89 1 <0.001 —14.89 —9.51
Rest
3. fazer nenhuma atividade/do nothing active 5.28 1 0.022 =328 211
4. 56 ficar sentado/just sit down 0.17 1 0.676 183 721
7. ficar quieto/be stil 3241 1 <0.001 ~3041 -2503
8. nio levantar do sofd/be a couch potato 294 1 0.086 =094 444
10. ficar sem me movimentar/be motionless 2.56 1 0.110 =056 4.82

USA Ist vs. USA 2nd sample

Move
1. move my body 035 1 0.569 168 641
2. be physically active 455 1 0033 -255 218
6. expend some energy 079 1 0374 121 594
9. exert my muscles 0.07 1 0.789 193 666
13. move around 001 1 0983 200 673
Rest
3. do nothing active 161 1 0.205 039 512
4.just sit down 045 1 0505 156 629
7. be still 015 1 0.697 185 658
8. be a couch potato 229 1 0130 -029 444
10. be motionless 044 1 0510 157 630

“There are 13 items in the scales, but only 10 are scored (5 for each subscale). Filleritems are not included in this analysis.
‘Highlighted in bold letter are the items that showed no differential item functioning (DIF).
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Descriptive statistics Factor loading

SD Skewness Kurtosis Rest Move
Rest
11, me deitar 560 358 ~0.196 ~1411 0932 0093
12. descansar meu corpo. 580 342 ~0243 -1272 0916 0209
7. ficar quieto. 579 332 ~0260 ~1244 0.756 ~0007
8. ndo levantar do sofé 413 370 0376 -1378 0.750 ~0132
10. ficar sem me movimentar. 363 349 0562 -1075 0.613 ~0240
4,56 ficar sentado. 396 347 0.453 —1191 0.616 ~0210
3. fazer nenhuma atividade. 3.78 349 0533 -1142 0.557 =0.173
Move
2. estar fisicamente ativo. 642 330 —0.477 =1135 0.087 0917
5. queimar calorias. 5.89 364 —0.339 —1.367 0.046 0.772
1. mexer meu corpo. 519 330 0.006 -1313 0.009 0.735
9. exercitar meus miisculos. 592 3.40 —0.379 -1.243 —0.010 0.885
6. gastar um pouco de energia, 588 339 ~0340 -1274 0023 0.828
13. me movimentar. 6.07 319 -0.377 ~L145 —0.101 0.792

Highlighted in bold are factor loadings with values above 0.3. Items are in order by loadings on the Rest factor.
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Mean sD Mean sD Mean sD Mean sD Mean sD Mean SD Mean sD Mean sD
Traditional 30 6 27 4 26 5 30 7 26 5 33 6 31 6 29 5
Superset 30 6 25 3 26 5 26 6 26 4 28 5 29 4 27 5

SD, standard deviation.
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*, significanty different from traditional p < 0.05.

Mean

7.9
6.4
33
46

sD

1.2%
2.0
20
13

p-value

<0001
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Absolute fit test Increment fit test

X2 X2/df P RMSEA GFI AGFI NFI IFI CFI RFI

Initial model 81.01 917~ 0.000 0.341 0.817 0.808 0.787 0.801 0.830 0.785
Modified model 5.88 1.89 0.081 0.054 0.925 0.930 0.932 0.941 0.934 0.945
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Predictor Variables

CRAVE Move Scores
Closg,

CRAVE Rest Scores
Clos

Currently Eating —7.12, —0.89
Ate 0 10 30 Minutes Ago 406, 0.92 F
Ate 30 1o 60 Minutes Ago -6.40, 155 33

Ate 1 1o 2 Hours Ago

442,035

Ate Over 2 Hours Ago 0.74, 7.10 02
Did Not Exercise Today —10.31, 257 001
Exercising Now —19.58, ~7.06 <.001
Exercised 0 to 30 Minutes Ago -495,320 67
Exercised 30 to 60 Minutes Ago -693, 118 16
Exercised 1 to 2 Hours Ago ~3.30, 299 2,61, 4.80

Exercised Over 2 Hours Ago

—11.01, =6.01

Slept 0 to 30 Minutes Ago

—-9.74, 238

Slept 30 to 60 Minutes Ago

662,328

Slept 1 to 2 Hours Ago

1.02, 8.18

Slept Over 2 Hours Ago

0.98, 4.57

Note: Bold = sonificant st b <.05: underined falics

between .05 and .06,





OPS/images/fpsyg-12-758858/fpsyg-12-758858-t004.jpg
Intermediary model I: leisure motivation — leisure attitude —
leisure satisfaction

Intermediary model Il: leisure barriers — leisure attitude —
leisure satisfaction

Standardization 95% confidence

Standardization 95% confidence

coefficient interval coefficient interval
Indirect effect: leisure 022" 0.102~0.411 Indirect effect: leisure barriers —0.07* —0.158~-0.008
motivation — leisure attitude — — leisure attitude — leisure
leisure satisfaction satisfaction
Direct effect: leisure motivation 0.60** 0.326~0.781 Direct effect: leisure barriers — 0.01 —0.109~0.159
— leisure satisfaction leisure satisfaction
Total effect: leisure motivation 0.82** 0.501~0.902 Total effect: leisure barriers — —0.06™ —0.216~-0.008

— leisure satisfaction

leisure satisfaction

Attachment: direct effect, indirect effect and total effect are directly derived from Amos. *, **, and *** represents significant levels of 0.05, 0.07 and 0.001 respectively.
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Dependent Variables

Lying Down

CRAVE Move
Odds ratio

Log-0dds

CRAVE Rest

Predicted % P Log-Odds | Odds ratio | Predicted %

Sitting

0.97

Leaning on Something

Standing

105

Walking

113

Other Exercise

Currently Eating

Eating 0 to 30 Minutes Later

Eating 30 to 60 Minutes Later

Eating 1 to 2 Hours Later

Eating Over 2 Hours Later

Exercising Now

Exercising 0 to 30 Minutes Later

Exercising 30 to 60 Minutes Later

Exercising 1 to 2 Hours Later

Exercising Over 2 Hours Later

Sleeping 0 to 30 Minutes Later

Sleeping 30 to 60 Minutes Later

Sleeping 1 to 2 Hours Later

Sleeping Over 2 Hours Later

Note. Bold

it ot s 05
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Academic name Questionnaire (N = 2351) Valid sample (N = 2249) Junior middle school Senior high school

Distribute Regain Delete Male Female Grade 1 Grade 2 Grade 1 Grade 2
Sichuan normal affiliated middle school 510 469 16 51.3% 48.7% 26.5% 25.6% 22.7% 25.2%
Chengdu No.17 middle school 510 475 31 49.6% 50.4% 24.8% 25.9% 26.1% 23.2%
Shishi United middle school 510 457 25 50.9% 49.1% 25.6% 26.7% 25.9% 21.8%
Chengdu Lianxin middle school 510 471 30 53.7% 46.3% 27.1% 25.6% 24.9% 22.4%
Chengdu Yandaojie middle school 510 479 0 52.5% 47.5% 25.9% 271% 25.4% 21.6%

Total 2550 2351 102 1160 1089 581 589 563 516
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Scale name KMO and Number of items Dimension name Composite reliability Cronbach o

bartlett ball test included coefficient

Leisure attitude scale KMO =0.87 6 Leisure cognition 0.80 0.84
P =0.000 5 leisure behavior 0.85 0.81
5 leisure emotion 0.81 0.83

Verification results of scale 1: AGFI = 0.92, CFl = 0.95, NFI = 0.93, IFl = 0.91, RMSEA = 0.03; The overall cronbach’s a coefficient is 0.85.
KMO =0.78 6 Develop intelligence 0.82 0.79
Leisure Motivation Scale P =0.000 8 Social skills 0.81 0.78
5 Competent and skilled 0.87 0.85
5 Stimulus escape 0.84 0.80

Verification results of scale 2: AGFI = 0.91, CFl = 0.92, NFI = 0.92, IFl = 0.93, RMSEA = 0.04; The overall cronbach’s a coefficient is 0.88.
KMO =0.85 6 Internal Obstacles 0.88 0.86
Leisure barriers scale P =0.000 5 Interpersonal barriers 0.80 0.82
6 Junction obstruction 0.79 0.83

Verification results of scale 3: AGFI = 0.94, CFl = 0.90, NFI = 0.91, IFl = 0.93, RMSEA = 0.02; Overall Cronbach’s a coefficient 0.85.

KMO =0.82 5 mental health 0.86 0.84
Leisure satisfaction scale P =0.000 4 Education happy 0.83 0.81
4 Social satisfaction 0.81 0.89
4 Pressure relief 0.87 0.86
4 Physical health 0.82 0.85
4 Field Aesthetic feeling 0.86 0.81

Verification results of scale 4: AGFI = 0.91, CFl = 0.93, NFI = 0.95, IFI = 0.92, RMSEA = 0.03; The overall cronbach’s a coefficient is 0.84..
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(A) “Right
now” (RN)
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RN @baseline
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Move-RN
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Variable Mean

ARGE (CRAVE in Portuguese)

Move—10 items 2982
Move—13 items 35.64
Rest—10 items 2152
Rest—13 items 338

MET exercise scores*

Light or Mild 11.95
Moderate 9.54
Strenuous 2600
Leisure Score Index (LSI)** 4749
Exercise frequency/week 223
BMI 2526
State anxiety 5355

SD

1458
17.25
1464

20.10

18.06
1056
2256
3922
224
526

1204

Skewness

~0316
~0.330
0282

0134

0356
0841
1363
0984
0584
0966

~0279

*Frequency of activity per week for light, moderate, or strenuous MET intensities x 3, 5, or 9, respectively. **Sum of MET exercise scores.

Kurtosis

-1053
~0.991
-L128

~1190

~1.250
~0.404
0.654
~0.267
-0.925
1370

~0.629
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Metabol Behavioral

RMR Spontaneous/Incidental
Automatic activity

EE of exercise/PA

[None] EI

Volitional

Lifestyle PA

*Adapted from (King et al, 2007).
RMR, resting metabolic rate; EE, energy expenditure; EL, energy intake; PA, physical activity.
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Impulses

Counter-impulses

Pleasure provided
(positive reinforcement)

Displeasure removed
(negative reinforcement)

Strong
activity Weak

(incidental, NEAT)

Exercise Weak

Sedentary activities (eg,  Strong

television)

Sleep Strong

Weak (fullness)

Strong

Strong

Weak

Weak.

Strong

Weak*

Weak*

Moderate

Moderate

Moderate (hunger)

Weak*

Weak*

Weak to moderate

Strong (fatigue)

“PA and exercise are typically thought to provide relatively weak amounts of pleasure and remove relatively small amounts of displeasure, but thisis not universal as some individuals

experience a high amount of pleasure from exercise.
The strongest impulses and urges should come from activities that result in the provision of higher pleasure combined with removal of displeasre. Sleep and eating, therefore, have the greatest

arges, theoretically: Furthermore, some experience high amounts of tension from a lack of exercise that results in negative rinforcement when exercise is engaged [see (ults-Kolehmainen

ctal., 2022b) for a broader discussion)
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N A CFI A RMSEA

Gender

Man 154.912 126 - - 0.963 0.039 —~ -
Woman 189.625 126 - - 0.864 0.064 = =
M1 344.587 252 - - 0.926 0.036 - -
M2 355.600 266 11.01 14 0.928 0.035 0.002 0.001
M3 382.734 276 27.13 10 0.914 0.037 0.014 0.002
M4 433.603 297 50.87 21 0.890 0.041 0.024 0.004

M1 = Configure, M2 = Metric, M3 = Scale, and M4 = Strict.
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Factor naming Bartlett chi square value (p-

Cumulative variance Cronbach’
value) interpretation rate coefficient
565478
EM 093 6439% 095
(p<001)
6105.34
EC 056 77.21% 076
(p<001)
4051.30
ESE 093 58.79% 094
(p<001)
4117
EB 068 68.44% 077
(p<001)

EM, exercise motivation; EC, exercise climate; ESE, exercise self-efficacy; EB, exercise behavior.
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“My desire has been pretty high to move and be active.” (9/17, Participant
A)

“I have been wanting to move around a lot” (9/17, B)

“Iam trying to get [my desire] back up so T can actually work out.” (9/21,
A)

“Over the past week I wanted to move a little bit more.” (9/21, A)

“In the past few days I've wanted to move around a little bit more.” (9/21,
A

“I think T am still on a ‘move thing’ right now. I went hiking on Saturday,
and afterwards I went out [to socialize]. Even though I am tired I don’t
really want to stop.” (9/21, C)

“I really wanted to move over the past week—more than I have consistently
over the first few weeks of the semester.” (9/10, B)

“I get random bursts of energy, and it makes me really motivated, and it
makes me want to get more done, and it makes me wanna go on runs, go
on walks, get more homework done, or get the next week's homework
done.” (9/13, A)

“....Over spring break our coach tells us.... “You shouldn't be training...
You shouldn't be pushing yourself to any degree that's beyond something
casual' ... By the time you get back from spring break you're dying to get a
hard workout in [and] get that sweat going... You miss it, and... you're
reinvigorated [and] wanting to train and push yourself. Its a craving” (9/
17, A)

“The workload is ot too heavy—so I wish we were doing a bit more
[exercise].” (9/17, A)

“Over the past week, I have wanted to rest a lot.” (9/10, A)
“I [have] just wanted to sit down.” (8/31, A)
“I [have] just wanted to go to sleep.” (9/17, A)

“I have had a jam-packed day full of stuff, and I am going to be going until
11pm—so it's a bit more like jolty, anxiety movement. I want to kick my
foot around a litle, or shake a bit, just to get rid of that nervous energy, in
terms of moving, in terms of exercise or working out”. (9/27, A)

“... Twant to work out.” (8/31, C)

“I wanna get out and train”. (9/17, A)

“I'd say yeah, I wanna move right now, but not like I'm itching to get out of
my seat and go run.” (9/17, A)

“ .1 feel urged to move and get stuff done ...” (9/27, A)

“Iwant to [move] but I guess I don't really want to heavily exert myself .
(8/31, D)

“I definitely crave rest a lot. I crave just sitting! Sitting is nice. It is very
good. Sitting here during the interview is very good. It’s nice.” (9/27, A)
“I would really love to be laying down right now in a fetal position with
my teddy bear. That would be ideal because I don't get enough sleep, and
it would be nice to just take a nap right now.” (9/27, A)

“I have NOT wanted to move more than the necessary amount.” (9/21, A)
“A time where I really wanted to just slow down and do nothing or just

rest .. was, not really rest, in itself, but just not move.” (9/10, B)

“... Well finish a game”. [Maybe] the next day we have off. I'm like, “Oh, T
wanna go to the gym”. He's like, “I'm wiped out from yesterday. I don’t

wanna go to the gym”. (9/17, A)

“Last night I felt like I couldn’t fall asleep. T was just awake and had this
jitteriness—almost where it was hard for me to fall asleep. I didn't want
to rest.” (9/17, A)

“I have not been willing to get any rest, [and] because of that, it has been
impacting my sleep.” (9/21, B)

WANT Recently
Now
DONT | Recently
WANT
Now

“I don’t want to move at all” (9/10, B)

“I just do NOT want to get any rest.” (9/21, B)
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# Postulate of the WANT model
1 | Humans have desires to move and rest.

Qualitative evidence (for)
See Table 3 above.

Qualitative evidence (against)

2| Desires for movement and rest are two separate
systems.

3| These desires have both approach and avoidance
motivation.

“IF T just don’t want to go to practice [for sports]—I want to rest
that day. That's completely different from craving and needing to
rest” (8/31, Participant A)

See Table 3 above.

4| Desires vary in strength from very weak to nearly
unavoidable/maximal, where they might be felt
as an urge or craving.

.. ‘want/desire’ are a little lower compared to ‘urge’ and ‘crave’.
Those are more towards the need to do something. When you
want to do it, you don't necessarily do it, but if you have the urge,
or if you really crave to do i, then you are going to do it ...” (8/
31, A)

“In terms of wanting to move .. desires are where it would be
nice if T moved—it would be nice if I worked out, but it's never
going to happen.” (9/27, A)

“I think that cravings or urges to rest are BOTH physical
[sensations] and mental [thoughts]. However, when I want to
rest— feel that ‘want’ is usually either physical or mental, but
not both. For ‘want’, it like, ‘Oh, P'm kinda tired; T want to rest,
but I still have the [physical] energy in me to keep doing
something, I feel that ‘crave’ [to rest] is when everything in me is
just like, ‘T can’t do this anymore; I just need to stop.’ (8/31, D)

“I would say that the want, desire, and urge—the
whole set—fecls the same to me. I don't think that
they are super different.” (8/31, B)

5 | Wants/desires are highly transitory—
representing a psychological state.

6 | ACMS change based on previous behaviors (i.c.,
the provision or avoidance of certain physical
stimuli, such as exercise).

“I'd say a ‘want'to rest is maybe more of a short-term feeling for
me. I just finished a game, you know, my body's tired. T just want
to chill out for a second, rehydrate, eat something. Whereas
“desire’ or ‘urge’ to rest, I feel is more created by a longer-term
circumstance, whether it's that we've been in pre-season now,
and you're training twice a day, every day, and you're just
thinking, ‘All T want is to just relax and rest and catch up on
sleep’, or whatever it may be.” (9/17, A)

“I think that ‘want’ and ‘desire’ is more like a superficial thing.
It's not going to last. It's short term, but then ‘urge’ or ‘crave’ is
almost like you physically need to.” (9/17, C)

“Ionly crave rest right after I wake up, because I feel that as soon
as 1 get going in the day, its fine. If I actually get myself up, the
craving for rest goes away. So, 1 will wake up and it's, ‘Oh my god
—its 7am. All T want is to go back to the bed.” And then as soon
as 1 go brush my teeth or something, I'm thinking, ‘What was I
tired for?, and it's fine. T woke up that way essentially, and the
craving goes away, and I am fine for the rest of the day.” (9/21, C)
“Craving is more when I am doing something [highly] repetitive
because I am bored of the same activity, so I want to do
something else, if that's resting, being on my phone, or just
laying down, or watching TV. While ‘want’ and ‘desire’ is when I
am doing something in the moment—let’s say T am working out,
and I think, ‘Oh, T want to stop™. (8/31, B)

... Over spring break our coach tells us, ‘You shouldn’t be
training ... You shouldn’t be pushing yourself to any degree
that's beyond something casual"... By the time you get back from
spring break, you're dying to get a hard workout in that gets the
sweat going ... You miss it, and ... You're reinvigorated [and]
wanting to train and push yourself. It's a craving” (9/17, A)

“I think T have the urge when something is going on in my life
where T just need to get out, and I need to run if I have been
sitting for a long time. T need to just run on vacations. We would
always stop at a rest area for a road trip, and I would literally just
get out[!] —because when T was little I'd just run to the
playground. T needed to run because I craved moving, because I
was in the car for about 10 h.” (8/31, D)

“....after a long time of movement you want to rest, but [after] a
long time of resting, you DON'T want to get up and, you know,
run two miles.” (9/8, A)

7 | Desires to move and rest interact
asynchronously.

8 | A total lack of desire is possible
9| ACMS differ from psychosomatic sensations,
such as energy and fatigu.

“I'was a bit hungover, and I was stuck to my bed because I was a
bit nauseous, but I [couldn't] fall asleep. (1 thought] ‘If you can't
rest, you should be doing something, and it was very annoying
because I wanted to begin cleaning my room. T'm awake, I
should be moving’, but I needed my eyes to be closed and a
pillow over my head. I couldn't satisfy the urge to move and get
stuff done, and that was very stressful.” (9/27, A)

“I don’t want to do anything right now.” (9/21, D)

“I get random bursts of energy, and it makes me really motivated, |

and it makes me want to get more done, and it makes me wanna
g0 on runs, go on walks, get more homework done, or get the
next week's homework done.” (9/13, A)

“The desire to rest is more motivated by my body and how my
body is feeling, and the desire to move is more like a mental
thing” (9/17, A)

“Iam just too tired. T have wanted to be active, but I just don't
always have that energy.” (9/10, A)

10 | They differ from emotions but might vary
systematically with certain emotions and
situations.

“What makes me want to move s just the joy I get from playing |

sports. I enjoy exercising [and] definitely feel motivated....” (9/
17, A)

“When I get overwhelmed, I prefer to rest and just be alone
resting.” (9/10, C)
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Movement/physical
activity/exercise

Qualitative evidence (for)
“If I really want to exercise, I will make time for it.” (9/10, Participant B)
“The ‘want’ and ‘desire’ are feeling motivated, but not really motivated, and
then [‘urges’ and ‘cravings'] are, “Oh, I'm going to do this. I'm going to get
up. I'm going to move. You want o get out. You want to do the exercise or
whatever the movement is.” (8/31, C)
“I remember all of last summer, every morning, I craved to work out, and 1
craved to practice even though 1 couldm’t go. In my own time in my
backyard I would work out and mimic a practice by myself because I
craved it” (8/31, B)

Qualitative evidence (against)

“Want’ is more knowing I should, but it doesn’t incite me to actually o it.
“Want! is just, ‘T should probably do this, because I know it's good for me,
but I don’t actually do it.” (8/31, D)

“I sometimes actually move when I have a ‘want’ to move, but it takes a lot
more willpower to do it.” (8/31, D)

“I'have a lot of friends on social media who will post gym selfies, and when
1 see those I'm feeling like, ‘Ah, look at them. I should probably do that!"
That's an outside factor that potentially pushes me to want to move or do
what they are doing. It never really happens, but definitely T mentally get
that, but not physically.” (9/27, A)

Rest/sedentary
behaviors

“... When I desire rest, it’s much more appealing [than movement]. And 1
very much try my very best to make it happen. And if I desire to take a

nap, I feel you will be able to tell it more. Tll be kinda drooping a bit. Tl be
a bit more tired- not as talkative. Versus if I want to move, I don’t know if
you'd necessarily see that in a physical appearance.” (9/27, A)

“I feel that ‘crave’ [to rest] is when everything in me s just like, ‘I can’t do
this anymore; I just need to stop.” (8/31, D)

“.. It's a natural thing [where] you crave sleep, because you can’t really just
stay up all the time, because you need 1o sleep. I's more primal, I guess.
Because everyone has to sleep.” (9/15, A)

None observed
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EM=EC=EB 0113 0.027 0.069 0173

EM=ESE=EB 0033 0.010 0.017 0.057

EM=EC=ESE=EB 0027 0.008 0.013 0.044

EM, exercise motivation;
behavior.

. exercise climate; ESE, exercise self-efficacys EB, exercise
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Behavior /  Associated Need state  Descriptor  Physical Psychological  Satiation

action bodily of manifestations  desire state /
(voluntary)  functions deprivation and (positive descriptor
(many (negative symptoms* tension)
involuntary)  tension)
1 Food Ingestion, eating  Digestion, Hunger Hungry, peckish  Stomach growlsand  Appetite Fullness, full
absorption, tightens
defecation
2 Water Ingestion, Hydration, “Thirst Thirsty, parched  Dry mouth and throat,  Water appetite Quenched,
drinking urination headache slaked
3 Sleep Sleeping Rest, Somnolence, Sleepy, tired Drooping slouching ~ Sleep appetence Rested
convalescence fatigue
4 Sex Copulation Sexual arousal/ | Sexual frustration  Concupiscent, | Genital arousal, pacing  Libido, arousal Satisfied
receptivity, aroused and distracted
erection, orgasm movements, nocturnal
emissions
5 Movement | Physicalactivity | Non-exercise Restlessness Restless, antsy,  Shaking muscles, Appetence, activation
®A), activity fidgety stretching limbs,
ambulation, thermogenesis sweating, pacing,
exercise, moving | (NEAT); fidgeting, tapping

spontaneous PA

Exertiated is a stopping state, whereas “exerting” would be a starting or continuing sate. “Exertiat€” is the verb, In creating this term, we also considered “acti-fied.” the portmanteau of “active”
and “satisfed” but this may be confused with the word “actify” which sometimes means “to start activate or put into action”.

‘Portmanteau of “exert” “exercise” and “satiated".

*There are generalized physical symptoms common to many/most needs (e.g. restlessness) as well as specific and localized ones.
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stimulus mood anxiety
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‘Sensation of wanting to move in response to music.
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Factor ( TLI

naming

EM 4082 0965 0954 0939 | 0942 0077
EC 4167 0965 0955 0940 | 0929 0078
ESE 3748 0972 0962 0954 0955 0073
EB 3792 0932 | 0911 0917 0925 0093

EM, exercise motivation; EC, exercise climate; ESE, exercise self-efficacy; EB, exercise
behavior.
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SD

1LEM 453 055
2.EC 372 052
3.ESE 211 054
4.EB 338 2755

exercise behavior, *#p <0.01.

0373%¢
0316

0.240%%

1

0.444%%

0.412%%

1

0336+

=1,032. EM, exercise motivation; EC, exercise climate; ESE, exercise self-efficacy; EB,
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Effect Item
Direct effect EM=EB
EM=EC
EM = ESE
Indirect effect EC= ESE
EC=EB
ESE=EB.
Total effect EM=EB

Effect
0.068
0373
0174
0380
0302
019

0240

SE
0.040
0.061
0.039
0.037
0.051
0048

0.048

EM, exercise motivation; EC, exercise climate; ESE, exercise self-efficacy; EB, exercise behavior.

1705

6128

4524

10352

5.958

3.995

5.047

P
<001
<001
<001
<001
<001
<001

<001

LLCI
0010
0253
0.099
0308
0.203
0.097

0.147

uLci
0.145
0492
0250
0452
0402
0284

0334
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Relaxed-nervous

Estimate (SE)  p

Intercept 7779(503)  <0.001
Level-1 (Physical activity bout)
Within-subject affectively-charged motivation 0.11(0.07) 013
subject pre-physical activity affect® 042 (0.06) <0.001
‘Weekday® —1.82(1.87) 0.33
‘Time of day (morning)® —0.42 (249) 087
Time of day (afternoon)® —1.63 (2.45) 0.51
Level-2 (Person)
Between-subject affectively-charged motivation 0.15 (0.08) 0.05
Between-subject pre-physical activity affect' 0.68 (0.08) <0.001
Age ~0.12(0.11) 024
Sex at birth (female)® —037 (2.68) 0.89
N = 56 participants, N = 304 day-level observations.

, relaxed).

*Correspon
bWeekday vs. weekend day.

Morning (6 AM.—12 P.M.) vs. evening (5 PM.~6 AM.).
4Afternoon (12 P.M.~5 P.M.) vs. evening (5 P.M.—6 A.M.).
¢Female vs. male.

g pre-physical activity affect
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Demographics

Age in years (Mean % SD)

Sex at birth

Female

Male

Gender identity

Female

Male

Trans female/trans woman

Trans male/trans man
Genderqueer/gender non-conforming
Hispanic, Latino/a, or Spanish origin
Yes

No

Race®

American Indian or Alaska Native
Asian Indian

Black or African American
Chinese

Filipino

Guamanian or Chamorro
Japanese

Korean

Other Asian

Other Pacific Islander

Native Hawaitan

Samoan

Vietnamese

White

Education

High school graduate

Some college or technical school
College graduate

Work status.

Employed for wages
Self-employed

Out of work for 1 year or more
Out of work for <1 year
Homemaker

Student

Retired

Annual household income®
< $35,000
$35,000-64,999
$65,000-114,999

> $115,000

nts were able to select all that apply.
ing for one participant.

n (%)

3924120

38 (67.9)
18 (32.1)

36 (64.3)
18 (32.1)
1(1.8)
0(0)
1(1.8)

5(89)
51(91.9)

- e e e e

36

3(5.4)
6(10.7)
47 (83.9)

36 (64.3)
5(89)
2(36)
3(54)
3(5.4)
6(10.7)
1(1.8)

14(25.5)
17(30.9)
16 (29.1)
8(14.5)
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Intercept
Level-1 (Physical activity bout)
Within-subject affectively-charged motivation
Within-subject pre-physical activity affect'
Weekday”
“Time of day (morning)®
Time of day (afternoon)®
Level-2 (Person)
Between-subject affectively-charged motivation
Between-subject pre-physical activity affect'
Age

Sex at birth (female)®

N = 56 participants, N = 304 day-level observations.
*Corresponding pre-phys Le., good or energized).
®Weekday vs. weekend day.

<Morning (6 A.M.~12 P.M.) vs. evening (5 PM.~6 A.M.).
dAfternoon (12 P.M. —5 P.M.) vs. evening (5 PM. =6 AM).
€Female vs. male.

Good-bad
Estimate (SE)

77.66 (2.99)

0.25 (0.04)
0.15(0.05)
0.44 (1.07)
0.81(1.44)
023 (1.42)

022(0.07)
0.65(0.09)
—0.05(0.07)
4.27 (1.61)

<0.001

<0.001

<0.01
068
058
087

<001

<0.001
048
001

Energized-exhausted
Estimate (SE)

65.29(5.74)

022(007)
0.09(0.05)
0.09(1.67)
443 (241)
0.23(234)

038 (0.09)
0.45(0.13)
0.11(0.13)
1.01(321)

<0.001

<0.01
0.09
099
0.07
092

<0.001
<0.01
041
075
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Intercept
Level-1 (Physical activity bout)
Within-subject affectively-charged motivation
Within-subject pre-physical activity affect*
Weekday”
“Time of day (morning)®
Time of day (afternoon)®
Level-2 (Person)

Between-subject affectively-charged motivation

Between-subject pre-physical activity affect*

Age

Sex at birth (female)®

N = 56 participants,
*Corresponding pre-phys
bWeekday vs. weekend day.
“Morning (6 AM.~12 PM.) vs.
dAfternoon (12 PM.—~5 PM.) vs.
€Female vs. male.

304 day-level observations.

Le, thrilled or interested).

ing (5 PM.—6 AM,).
g (5 PM.~6 AM).

Thrilled-miserable
Estimate (SE)

67.69 (4.08)

0.12(0.05)
0.29(0.05)
~053(1.27)
268 (1.78)
222(1.73)

0.23(0.08)
0.60 (0.10)
0.04 (0.09)
3.02 221)

<0.001

0.02
<0.001
0.67
013
020

<001

<0001
0.67
018

Interested-bored

Estimate (SE)

71.04 (4.07)

0.24(0.05)
0.200.05)
0.54 (1.34)
1.06 (1.87)
0.77 (1.82)

0.19(0.08)
0.71(0.09)
0.02(0.09)
1532.22)

<0.001

<0.001

<0.001
0.69
057
0.67

0.02
<0.001
0.80
050
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Exercise

Squat

Hip thrust

Leg extension

Leg press

Lunge

Leg curl

Standardization

Barbell resting on the upper trapezius.
Shoulder width between the feet

Back kept in normal position throughout the lft

Belt resting on the hip

Arms resting on the hip

Shoulder width between the fect

Bottom and back in contact with the chair.

Arms gripping the handles

Footpad resting just above the ankle joint

Bottom and back in contact with the chair atall imes.
Arms gripping the handles

Shoulder width between the feet

Barbell resting on the upper trapezius

Shoulder width between the feet

Back kept in normal position throughout the lft Same step
length in all repetitions

Bottom and back in contact with the chair.

Arms gripping the handles

Footpad resting toward the Achilles tendon

Execution of the reps/ range of motion

Eccentric: Descending from the extended position until the femur is parallel
o the floor

Concentric: Ascending until the hip- and knee joints are extended.
Eccentric: Descending from the extended position until the plates touch the
floor

Concentric: Ascending until the hip joint is extended.

Eccentric: Descending from the extended position until the plates touch the
stack

Concentric: Ascending until the knee joints are extended.

Eccentric: Descending from the extended position until a 90-degree angle in
the knee joints

Concentric: Ascending until the knee joints are extended.

Eccentric: Stepping forward and descending from the extended position until
the knee of the back leg is touching the floor

Concentric: Ascending and stepping backward until the hip- and knee
joints are extended and feet parallel.

Eccentric: Ascending from the flexed position until the knee joints are
extended.

Concentric: Descending until 90-degree angle in the knee j
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Long session Short sessions P-value Effect size

Affective measures

RPE (0-10) 7(1) 6@ <0.01 073
RPD (0-10) 6@ 50 004 042
SPDF (~5-5) 10 1y 001 054
EES (1-7) 5() 5(1) 012 033
Readiness to train

Do you feel physically strong today? (1-5) 3(0) 3(1) 057 o
Do you feel mentally strong today? (1-5) 3(0) 3(1) 086 0.04
How would you describe your health today? (1-4) 30 3(1) 020 027
How would you describe your appetite today? (1-5) 30) 3(1) 017 029
How would you describe your sleep quality over the past 24 h (1-4) 301 3(1) 084 0.04
Do you have any muscle soreness today? (1-10) 30) 20) 034 020
Rate your motivation to train today (1-10) 30) 32) 070 0.08

different from long (p < 0.05), RPE,

rate of perceived exertion effort; RPD, rate of perceived exertion discomfort; sPDF, session pleasure/displeasure; EES,

enjoyment,
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Squat Hip thrust Leg extension Leg press Lunge Leg curl Total

Long 7%2 27%2 2843 71 71 2742 164+8
Short 27%2 27%1 2943 282 2843 3044 169 £ 11

different from long (p < 0.05).
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Variable
(1) Exercise volume

(2) Controlled

evaluation

(3) Automatic-

affective valuation

(4) First gaze

(exercise)

(5) Exercise fixations

(6) Nonexercise

fixations

(7) General decision

tendency

358.36

633

002

13.68

4.00

392

062

SD

283.39

0.86

017

206

267

0.20

043+
[0.26,0.58]
015
[-0.04,0.34]
014
[~0.05,033]
-002
[~0.22,0.18)
~004
[-0.23,0.15)
043

025,058

017
(-0.03,035]
001
(~019,021]
~007
[~0.26,0.13]
—0.23%
[~0.41,~0.04]
058

[043,0.70]

-006
[~0.25,0.14]
~0.10
[-0.29,0.09]
~0.13
[-032,007)
0.20°

0.00,0.38]

016
[~0.03,035]
004
[~0.16,023]
009

[~0.11,028)

082+
[0.74,0.88]
—0.13*

[~0.31,-0.07]

—0.34%%

(-0.50,-15]

M and SD are used 10 represent mean and standard devation, respectively. Values in square brackets indicte the 95% confidence interval or each correlation. * indicates p <0.05. ** indicates

p<0.01.
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Model A Model B

Model C

(10) 380
Choice [ex] 037
Aut. ex valuation -0.16

SR ex feelings

SR ex volume.

Cl=Confidence Interval; b= unstandardi

95% ClI 95% C
343,416 <0.001 379 343,416 <0.001
0.11,0.63 001 038 0.12,0.64 <001
—0.46,0.13 027

-0.17 —0.46,0.12 025

ed regression estimate; IC = intercept; ex = exercise; Aut. = automatic; SR =self-reported.

95% ClI
327,429

009,057

~0.00,0.00

<0.001

0.01
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(o)

Choice [ex]

Aut. exvaluation
SR ex feelings

SR ex volume

488

—154

-0.16

Model D

95% ClI

449,526 <0.001
-1.78,-131 <0.001
~0.42,0.10 027

Model E

95% Cl
487 448,526
-153 -177,-129

~0.53,-0.00

<0001

<0001

005

Cl=Confidence Interval; b=unstandardized regression estimate; IC= intercept; ex = exercise; Aut. = automatic; SR=self-reported.

475

-156

0.00

Model F
95% Cl
424,525

—1.80,-1.32

~0.00,0.00

<0.001

<0001

079
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