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Abstract: Affective exercise experience as an emerging theoretical concept has great potential to provide a more nuanced understanding of individual factors that influence exercise behavior. However, concerning the Affective Exercise Experiences (AFFEXX) questionnaire, it has not been examined yet whether the structural score of the AFFEXX is a useful index to predict physical activity (refers to any bodily movement produced by skeletal muscles that requires energy expenditure). Furthermore, there is currently a gap in knowledge regarding the psychological mechanisms that can explain the relationship between affective exercise experiences and the level of physical activity (PA). In order to adress these gaps in the literature, we conducted two studies among Chinese collge students that aimed (i) to investigated whether the total score of the three AFFEXX-C constructs (antecedent appraisals, core affective exercise experiences, and attraction-antipathy towards exercise) is a relaible indicator that can be utilized in research and pratical settings and (ii) to evalute the specific psychological mechanisms that can explain the relationship between affective exercise experience and PA. In Study 1, we recruited 801 voluntary Chinese college students for bifactor and correlational analyses. In Study 2, 875 Chinese college students were enrolled to verify our findings from Study 1 and to explore the aforementioned mechanism. Results from the bifactor analyses supported our hypothesis that the total scores of the three AFFEXX-C constructs can be used among Chinese college students to establish a link with PA. Additionally, our results suggested that core affective exercise experiences and attraction-antipathy mediated the relationship between antecedent appraisals and the level of moderate-to-vigorous intensity PA. Therefore, measuring affective exercise experiences using the AFFEXX-C, specifically the total scores of each individual construct may be a useful approach to predict future PA levels.
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Introduction

There is solid evidence that regular engagement in physical activity (PA) is essential to maintain and promote physical and psychological health [1–3]. For instance, PA refers to any bodily movement produced by skeletal muscles that requires energy expenditure [4,5] and it consists of both structured (aerobic training and resistance training) and unstructured (walking the dog) PA, which can effectively enhance physical fitness [6] and metabolic health, with lack of PA being independently associated with morbidity and mortality [7–11]. Of note, many people do not regularly engage in PA [12–14]. In this regard, affective components towards PA may play an essential role in explaining why (or why not) individuals engage in PA [15,16]. For instance, numerous studies have shown that negative affective responses or affective valence (e.g., perceived fatigue) can influence future PA behavior [17–20]. Over time, these negative experiences can create an association that discourages the individual from engaging in PA, thus reducing regular or persistent exercise participation. Conversely, experiencing positive affect (e.g., pleasure, enjoyment, accomplishment) during physical exercise can promote future PA behavior [17,21].

In light of the growing interest in affective constructs toward physical exercise [16,22], it is fundamental to develop instruments that allow us to operationalize these theoretical constructs. Notably, previous research on the affective constructs has mostly focused on the immediate affective responses during or after a single bout of physical exercise, including measures of core affect [23] or enjoyment [24]. However, the previously mentioned measures only allow for a partial assessment of the influence of the affective component on PA, and thus a recent study proposed, developed, and evaluated an affective exercise experiences (AFFEXX) questionnaire [25], which assesses the individuals’ past exercise experiences. This scale is built on Affective-Reflective Theory (ART), which was proposed by Brand and Ekkekakis (2017) [16]. As a new dual-process theory, ART links reflective evaluation (referred to as reflection, rationality, and behavioral goals) and automatic affective evaluations (referred to as momentary, direct, and anticipated affect) in a single model, and further illustrates the role of these two factors on exercise motivation and exercise adherence. In particular, ART stresses that the automatic associations related to the object of evaluation or automatic affective valuation serve as the basis for reflective evaluation, controlled by individuals’ availability of self-control resources.

Based on ART theory, Ekkekakis and colleagues originally defined affective exercise experiences as a summary valanced concept, reflecting the history of associations between exercise in a person’s life and the attendant affective responses [25]. Furthermore, the AFFEXX questionnaire described a theoretical model which emphasizes the core constructs (i.e., core affective exercise experiences) and describes the relationships between it and the other two constructs (i.e., antecedent appraisals and attraction-antipathy). This model illustrated that the formation of exercise motivation is integrated by a three-order system: Antecedent-appraisals (contains 19 items within six lower-order factors), core affective exercise experiences (includes 12 items within three lower-order factors), and collectively shape attraction or antipathy toward physical exercise (consists of 5 items within a single factor) [25].

Recently, our group has developed a Chinese version of the affective exercise experiences questionnaire (AFFEXX-C) that has been validated and showed adequate reliability and validity among Chinese college students [26]. In the context of Chinese culture, the 30-item AFFEXX-C illustrated a slightly different three-layer model (specifically reflected in the decreased number of items and factors), which presented that the core affective exercise experiences (includes 9 items within three lower-order factors), which may be influenced by antecedent appraisals of exercise (contains 16 items within four lower-order factors), shape exercise motivation (shown in Fig. 1). Notably, a potential issue that makes a more widespread application of the AFFEXX-C difficult is that the AFFEXX-C was not originally developed so that total scores would be calculated and used for each of the three individual constructs (i.e., antecedent appraisals, core affective exercise experiences, and attraction-antipathy). Instead, scores are calculated for each of the lower-order factors within the three higher-order primary constructs of the AFFEXX-C (e.g., liking vs. disliking group exercise, interest vs. boredom, or pleasure vs. displeasure).
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Figure 1: Illustration of the structural model of the AFFEXX-C (30 items).
Notes: The AFFEXX-C includes four factors of antecedent appraisals (i.e., identification vs. disidentification, showing off vs. shying away, liking vs. disliking group exercise, and competence vs. incompetence), three factors of core affective exercise experiences (i.e., pleasure vs. displeasure, energy vs. tiredness, and calmness vs. tension) and a single factor of attraction-antipathy towards exercise.

To tackle this problem, the current study employed a bifactor analysis approach, as this method emerging from the field of statistics has guided the interpretations of total scores from multifaceted inventories in the past decade, and has become popular in psychology and psychiatry research [27–30]. Two main reasons for using bifactor analysis are summarized below. First, a bifactor model allows researchers to verify the presence of a general factor. In bifactor analysis, the general factor is modeled independently from the individual group factors (i.e., specific sub-factors), and the unique contributions of both the group and general factors can be isolated, thus allowing for the simultaneous investigation of the overarching construct and the degree to which the lower order group factors are distinct from this general factor [31]. Second, compared to a general factor, the extent to which group factors appear redundant can support or oppose the use of total scores [32]. Accordingly, two (antecedent-appraisals and core affective exercise experiences) of the three constructs of the AFFEXX-C were respectively regarded as general factors, and their lower-order factors as group factors for bifactor analysis (two theoretical models of bifactor analyses of antecedent appraisals and core affective exercise experiences are presented in Figs. 2A and 2B, respectively). In contrast, the last of these three constructs, namely attraction-antipathy does not require bifactor analysis because it has no lower-order factors. Thus, this study aimed to determine whether the total scores of each individual construct are reliable and valid based on the results of bifactor analysis.
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Figure 2: (A) Theoretical view for bifactor analysis of antecedent appraisals (16 items). (B) Theoretical view for bifactor analysis of core affective exercise experiences (9 items).

Despite the breakthrough development of an instrument that measures how past exercise experiences are associated with affective values associated with future exercise behaviors, there is a paucity of research on this topic. Although all of the factors of the AFFEXX-C were observed to be strongly correlated with PA level in previous research [25,26], the specific psychological mechanisms by which affective exercise experiences are connected with PA level still remains largely unclear. Based on existing literature [25], we hypothesize that (a) the total scores of each individual construct (i.e., antecedent appraisals, core affective exercise experiences, and attraction-antipathy) in this three-tiered framework would be positively related to PA level and (b) core affective experiences and attraction-antipathy would exert a mediating effect on antecedent appraisals and PA level. Thus, the second aim of this study was to elucidate the psychological mechanisms that can explain the significant relationship between affective exercise experiences and PA level.

Method

In our two cross-sectional studies, healthy Chinese university students were recruited by word of mouth and by using WeChat. These students were asked to voluntarily complete an online questionnaire on the Questionnaire-Star platform. To confirm the stability of the results, data were collected in two different studies at different time points (Study 1 was conducted between June and July 2022, and Study 2 between November and December 2022). We excluded participants if they were (a) less than 18 years old or over 29 years old or (b) reported any psychiatric or neurological disorders, chronic diseases, or contraindications for PA. Additionally, the data of respondents that were indicative of inattentive responding (e.g., less than 3 min to complete this online questionnaire) or impractical response (e.g., time spent on exercise participation of > 16 h) [33,34] were also excluded (Study 1: n = 190, Study 2: n = 160) from the statistical analyses. According to these criteria, 801 participants were included for data analyses in Study 1 and 875 in Study 2. The research procedures of our studies were approved by the ethics committee of Shenzhen University (PN-202200026).

Measures

The Chinese version of the affective exercise experiences questionnaire (AFFEXX-C) was used to evaluate the affective exercise experiences of college students [26], which was originally developed by Ekkekakis and colleagues [25]. The AFFEXX-C consists of 30 items and 8 factors assessing three constructs, namely antecedent appraisals (four factors), core affective exercise experiences (three factors), and attraction-antipathy (single factor). Each item was scored on a 7-point Likert scale ranging from 1 (“if the statement on the left perfectly matches what you would say”) to 7 (“if the statement on the right perfectly matches what you would say”). Higher scores on each factor (average scores of subordinate items) indicate a more positive level of these three constructs (referred to better antecedent appraisals and core affective exercise experiences, and more attraction towards exercise). This instrument had sound psychometric properties among Chinese college students in a previous study from our research group, with all Cronbach’s α > 0.80 [26]. The Cronbach’s coefficients in the present studies varied between 0.84 and 0.93.

The level of habitual physical activity was assessed using the International Physical Activity Questionnaire-Short Form (IPAQ-SF), which consists of 7 items [34]. This scale reported good psychometric properties in the Chinese population [35]. Participants indicate their engagement in vigorous PA (VPA), moderate PA (MPA), and walking in the last seven days. The level of habitual PA was quantified by weighting each type of activity following the energy requirements defined in metabolic equivalents (METs) and expressed as MET-min per week (MET level * minutes of activity * events per week) [36]. The total level of PA is calculated based on the sum of the three intensity levels of PA. Additionally, the level of moderate-to-vigorous PA (MVPA, calculated by the sum of the VPA and MPA) was used as an indicator in the present study. The IPAQ-SF has good test-retest reliability in Chinese populations, with ICCs of 0.75 to 0.93 for the different PA parameters [35].

Statistical analysis

Statistical analyses were performed using IBM SPSS 27.0 (IBM SPSS Statistics for Windows, Version 27.0. Armonk, NY: IBM Corp.) and MPlus 8 [37]. In Study 1, descriptive statistics were calculated (e.g., mean and standard deviations) and t-tests were conducted to explore sex-related differences. To examine whether the total scores of the three higher-order constructs of the AFFEXX-C can be used, we first calculated the average scores of the subordinate lower-order factors as the scores of the two constructs (excludes the single factor construct of attraction-antipathy). Secondly, four competing models for antecedent appraisals (presented in Fig. 3A) were tested in Study 1 using confirmatory factor analysis (CFA) following the guidelines outlined in [38]. Robust maximum likelihood (MLR) estimation was used to test all models. Specifically, the first model was a one-factor model in which all 16 items were loaded onto the same general factor (i.e., antecedent appraisals). The second model was a correlated four-factor model, with three items loading onto each factor. For the third model, lower-order factor correlations were removed from the lower-order four-factor model and these four factors were allowed to load onto a higher-order factor (i.e., antecedent appraisals). Of particular interest in the present study, the final model tested was a bifactor model, in which both a general factor and four lower-order factors were included—note all five factors are now first-order factors. The correlations between all factors were fixed to zero. Likewise, four competing models for core affective exercise experiences were also examined using CFA. The specific steps were similar to those mentioned above (shown in Fig. 3B). Additionally, the CFA of attraction-antipathy was also tested. To further test the validity of these bifactor models, standardized factor loadings for each item onto the general factor and the specific sub-factors were assessed. In Study 2, four competing models for antecedent appraisals and core affective exercise experiences were repeated to verify the results from Study 1.
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Figure 3: (A) Schematic representation of the four alternative models for antecedent appraisals. (B) Schematic representation of the four alternative models for core affective exercise experiences.
Note: For clarity, only first and final items are shown for each factor, with remaining items represented by ellipses. a. One-factor model. b. First-order model. c. Second-order model. d. Bifactor model.

The goodness of model fit was assessed by the following parameters: the Tucker-Lewis Index (TLI), Comparative Fit Index (CFI), Standardized Root Mean Square Residual (SRMR), and Root Mean Square Error of Approximation (RMSEA), with a 90% Confidence Interval (CI). According to the common criteria [39], adequate model fit is suggested by the following values for these indices: CFI and TLI close to 0.95 (ideally ≥ 0.95); SRMR and RMSEA close to 0.06 (ideally ≤ 0.06). The following statistical indices were tested to further evaluate the bifactor model [40,41]: the Omega (ω)/Omega S (ωS), Omega Hierarchical (ωH)/Omega HS (ωHS), and Explained Common Variance (ECV). Specifically, ω estimates the internal reliability of the multidimensional composite, while ωS for specific factors are only relevant to items loading on that factor. The general factor reliability statistic ωH reflects the amount of total variance attributed to variance on the general factor, whereas ωHS refers to the proportion of total variance attributable to specific factors after removing the variance explained by the general factor. These values range from 0 to 1, and >0.80 are high, with preferred values >0.90 [42,43]. Explained common variance (ECV) is calculated by dividing the variance explained by the general factor by the variance explained by both general and specific factors. Unidimensionality of a measure is suggested by ECV values >0.85 [44]. Based on the preceding analyses, correlation analyses between the three constructs and the levels of PA were examined. We rated the magnitude of the correlations by the following criteria: weak or small correlation: r = 0.10 to 0.29; moderate correlation: r = 0.30 to 0.49; high or large correlation: r ≥ 0.50 [45].

Additionally, a mediation model between the three AFFEXX-C constructs and MVPA level was carried out via PROCESS [46] in Study 2. Based on the existing framework [25,26], we regarded core affective experiences and attraction-antipathy as mediators between antecedent appraisals and MVPA level. These mediation hypotheses were tested following the method proposed by Hayes for the mediated analysis [47,48]. Specifically, there are four paths to the dependent variable (including one direct path and three indirect paths), and the standardized regression weights were respectively represented by path coefficients (i.e., letters a1, a2, d21, b1, b2, c, and c′). The mediating effect exists if the CIs of the path parameter do not include zero. As is standard practice, we set p < 0.05 as the statistical significance level in this study.

Results from Study 1

Sample demographics as well as gender differences in the factors of the AFFEXX-C, are shown in Table 1. Men reported higher scores on all factors of the AFFEXX-C, compared with women. Goodness-of-Fit statistics for the four tested models of each construct are presented in Table 2, respectively. For these two constructs, including antecedent appraisals and core affective exercise experiences, the first-order model and bifactor model provided adequate fit, in which a less stringent cut-off of 0.90 for the CFI and TLI was used [49]. The bifactor model had the best model-fit among respective four alternative models (antecedent appraisals: χ² (88) = 390.78, TLI = 0.92, CFI = 0.94, SRMR = 0.06, RMSEA = 0.07 [0.06, 0.07]; core affective experiences: χ² (18) = 48.92, TLI = 0.97, CFI = 0.99, SRMR = 0.02, RMSEA = 0.05 [0.03, 0.06]).
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The reliability of the bifactor models is presented in Table 3. Results illustrated strong reliability for two general factors (ω = 0.95 for both antecedent appraisals and core affective experiences) and their specific sub-factors (ωS ranging from 0.85 to 0.91). For antecedent appraisals, reliability of two construct-specific factors identification-disidentification and competence-incompetence (ωHS = 0.00 and 0.27, respectively) was considerably lower than that for the other two specific factors (ωHS = 0.59 and 0.66, respectively). While the internal reliability of the three sub-factors for core affective exercise experiences were poor (ωHS ranging from 0.08 to 0.27), with extremely low reliable score variance explained by the construct-specific factors after controlling for the general factor. The ECV values for two general factors ranged from 0.61 to 0.79, with the values ranging from 0.03 to 0.15 for their specific factors. Standardized factor loadings and residual error of each item and their standard error for antecedent appraisals and core affective exercise experiences from bifactor models are shown in Figs. 4 and 5, respectively. Item loadings on core affective experiences were higher than the three specific factors, whereas lower item loadings on antecedent appraisals compared to the two sub-factors of the four were captured (except identification-disidentification and competence-incompetence).

[image: images]

[image: images]

Figure 4: Factor loadings for bifactor model of antecedent appraisals.
Note: Standardized factor loadings and standard errors for each item onto the general factor and the specific sub-factors are shown. Small arrows represent residual error.

[image: images]

Figure 5: Factor loadings for bifactor model of core affective exercise experiences.
Note: Standardized factor loadings and standard errors for each item onto the general factor and the specific sub-factors are shown. Small arrows represent residual error.

Correlation analyses between the total scores of these three constructs and the self-reported level of habitual PA are displayed in Table 4. All constructs (r = 0.12 to 0.43) and lower-order factors of the AFFEXX-C were significantly correlated with PA level (p < 0.01) in Pearson correlation analyses, except walking.
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Results from Study 2

In Study 2, a sample of 875 participants (477 female, 398 male, age = 19.23 ± 1.94 years, Body Mass Index = 20.63 ± 2.77 kg/m2) was included in our statistical analyses. Model fit statistics for the four alternative models of each construct are presented in Table 5. Results indicated that bifactor models of these two general factors (i.e., antecedent appraisals and core affective exercise experiences) were adequate fits for the data and superior to the other models, concurring with the above Study 1. Model-based reliability is displayed in Table 6. Strong reliability was illustrated for the two constructs (ω = 0.96 and 0.95, respectively) and their specific sub-factors (ωS ranging from 0.85 to 0.91). Specifically, the internal reliability of identification-disidentification for antecedent appraisals (ωHS = 0.09) and pleasure-displeasure for core affective experiences (ωHS = 0.07) were considerably lower compared to the other corresponding specific factors. The ECV values of 0.61 and 0.75 for two general factors were close to the results of Study 1, with the values ranging from 0.04 to 0.14 for their sub-factors. Standardized factor loadings and residual error of each item and their standard error for antecedent appraisals and core affective exercise experiences from bifactor models in Study 2 were also tested (shown in Figs. S1 and S2 in supplementary materials).
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Similar to Study 1, correlation analysis in Study 2 also showed that the constructs and related lower-order factors of the AFFEXX-C were significantly correlated to PA level, except walking (presented in Table 7). Specifically, the total scores of these three constructs were positively correlated to the level of VPA (r = 0.36, 0.28, and 0.38), MVPA (r = 0.32, 0.26, and 0.34), and total PA (r = 0.25, 0.23, and 0.28), respectively. As displayed in Table 8 and Fig. 6, the results of mediation analyses indicated that the 95% CI for the total, direct and indirect effects did not include zero, which means that the indirect and direct effects of antecedent appraisals on MVPA were statistically significant based on the regression analysis. Three indirect effects paths were as followed: antecedent appraisals → core affective experiences → MVPA; antecedent appraisals → attraction-antipathy → MVPA; antecedent appraisals → core affective experiences → attraction-antipathy → MVPA. The examination of the indirect effects showed that core affective exercise experiences and attraction-antipathy are mediators of the relationship between antecedent appraisals and MVPA.
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Figure 6: Statistical diagram of the multiple mediation model
Notes: MVPA = moderate-to-vigorous physical activity; Estimate values of each path are respectively presented by standardized path coefficients: a1, a2, d21, b1, b2, c, and c′; Of them, c′ stands for the direct path effect size from antecedent appraisals to moderate-to-vigorous physical activity, c stands for the total effect size between them. p < 0.05; p < 0.01; p < 0.001.

Discussion

The main aims of the current study were to (a) determine whether higher-order construct scores and lower-order factor scores can be used independently via the bifactor analysis approach and (b) corroborate the positive association between the three constructs and PA level among Chinese college students. The results of our model comparison and bifactor analyses supported the use of higher-order construct scores of the AFFEXX-C in Chinese college students, as these findings suggested that the multidimensionality of the AFFEXX-C is not sufficient to negate the utilization of a total construct score (i.e., a strong general factor) [50]. In addition, our results indicated that all three constructs were positively correlated to MVPA level in our two studies. Moreover, core affective experiences and attraction-antipathy mediated the relationship between antecedent appraisals and MVPA levels.

Results of model comparison and the adequate model fit of bifactor models in two studies supported not only the scale multidimensionality but the presence of the general factors. Specifically, the good psychometric properties in bifactor analysis statistically confirmed our initial assumption about utilizing the total scores of the three constructs. As a challenging statistical method, bifactor model analysis allows for the commonality among the items explained by the general factor to be partitioned out, with the specific factors representing only the unique shared variance among the items on each factor. Due to its role in improving the scale’s usefulness as a benchmarking tool and the comprehensibility of participants’ feedback by measuring a similar super-ordinate construct, the bifactor analysis approach has been frequently applied in other studies [51,52]. Additionally, using the overall scores of affective exercise experiences can provide some benefits. For example, affective exercise experiences may contain not only an individual’s affective valence on various aspects of physical exercise but may also include information about the overall affective exercise experiences. This potential information is not exploited in the model of the original AFFEXX questionnaire. Moreover, single-factor scores may be easier to interpret if scores on factors of affective exercise experiences or antecedent appraisals can be correlated with their overall constructs’ scores. Lastly, using a structural score in a research or clinical setting makes it easier to provide feedback to the participant/patient given the fact that reporting and explaining up to seven separate factors’ scores to them is more difficult. Thus, the bifactor analysis approach is a valuable tool for deriving the overall score and the application of constructs’ scores increased the value of the information obtained from the participants without impacting the factors’ scores. Our validation of the use of structural scores has made the AFFEX-C scale more accessible, which might improve the degree to which the AFFEXX-C is utilized in the future.

In general, it is widely accepted that more pronounced positive affective exercise experiences are positively linked to future PA behavior [17], which is supported by the results of correlation analysis in this study (mainly presented in Tables 4 and 7) showing that individuals with greater core affective experiences reported higher PA levels. Furthermore, our finding is comparable to the observations of previous studies that reported positive correlations between the factors of core affective exercise experiences and the self-reported PA level [25,26]. A potential explanation for this phenomenon is that positive affect (including positive affective exercise experiences) plays a critical role in decision-making towards exercise by supporting ongoing exercise behavior [53]. Actually, engaging in physical exercise regularly requires not only the individual’s motivation to start actions (e.g., make exercise plans and do exercise) but also the individual’s ability to maintain exercise adherence. From this point of view, affective exercise experiences may have a greater impact on exercise adherence. For instance, a review suggested that enjoyment and the absence of unpleasant experiences is one of the key factors identified as relevant to increase adherence to physical exercise [54]. Thus, if negative emotions are elicited by negative affective exercise experiences (e.g., during physical exercise), this may play a part in contributing to the cessation of the physical exercise, and the lack of future motivation to engage in physical exercises, which, in turn, might necessitate a greater motivation demand for future participation in physical exercises [16].

Another important finding of the current study is that we identified a specific mechanism explaining the effect of AFFEXX-C on PA levels. In particular, as forecasted in our hypothesis, core affective exercise experiences and attraction-antipathy mediate the relationship between antecedent appraisals and MVPA level. Of note, the negative parameter of indirect effect path 1 (Antecedent appraisals → core affective experiences → MVPA) indicated a small direct mediation effect of core affective experiences. According to the observed positive relationship among these variables, we suggested that the negative path coefficient may be caused by co-linearity [55,56]. Another potential explanation is that the indirect effect offsets a part of the direct effect of the antecedent appraisals on the MVPA level, which can be interpreted as a kind of suppressing effect [57–60]. That said, core affective exercise experiences partially conceal the influence of antecedent appraisals on MVPA level, and this impact can be boosted by controlling the affective exercise experiences. Additionally, the findings also revealed that the effect size of the indirect effect path 3 was relatively larger among the three indirect effect paths and direct effect paths. The latter indicated that individuals’ exercise behavior may depend more on attraction-antipathy towards exercise, which is strongly influenced by antecedent appraisals and core affective exercise experiences.

Strengths and Limitations

A strength of the current study is that our findings provide novel insights into the scoring of the AFFEXX-C and the psychological mechanisms that potentially mediate the relationship between affective exercise experience and the level of regular PA. Several potential limitations should be recognized when interpreting the findings of the current study. Firstly, self-reports, as used in the current study, are prone to different sources of bias (e.g., social desirability bias). Hence, future studies should aim to verify (or refute) our findings by incorporating objective measures (e.g., assessing physical activity with accelerometers). Secondly, as our study focused on healthy college students, the generalizability of our findings is somewhat limited. Thus, further studies in other populations (e.g., people with mental disorders and older adults) are necessary to investigate whether our findings are generalizable to these cohorts.

Conclusion

In summary, the current study provides evidence that among our sample of Chinese college students, the overall scores of the three constructs of the AFFEXX-C are useful indicators, as demonstrated by the results of the bifactor analyses. Additionally, the findings of this study revealed that core affective exercise experiences and attraction-antipathy mediate the relationship between antecedent appraisals and MVPA level. These findings support the assumption that measuring affective exercise experiences in future research is important to gain a more nuanced understanding of the psychological mechanisms driving exercise behavior.
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Figure S1: Illustration of factor loadings in bifactor analysis of antecedent appraisals in Study 2.
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Figure S2: Illustration of factor loadings in bifactor analysis of core affective exercise experiences in Study 2.
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TABLE 1

Demographics of participants and AFFEXX-related factors in Study 1

Variables All (N = 801) Male Female t p
(n = 347) (n = 454)
M SD M SD M SD

Age 19.84 1.52 19.94 1.40 19.77 1.60 1.56 0.119
BMI (kg/m?) 20.53 2.82 21.55 2.92 19.75 2.48 9.23 <0.001
Identification vs. disidentification 482 1.21 5.13 1.13 4.58 1.21 6.54 <0.001
Showing off vs. shying away 3.29 1.35 3.63 1.34 3.03 1.30 6.37 <0.001
Liking vs. disliking exercise in groups 4.45 1.36 4.61 1.35 433 1.36 2.83 0.005
Competence vs. incompetence 5.08 1.01 5.24 0.99 4.96 1.01 3.79 <0.001
Pleasure vs. displeasure 5.11 1.06 5.29 0.98 497 1.10 428 <0.001
Energy vs. tiredness 4.66 1.32 4.87 1.20 4.50 1.38 4.03 <0.001
Calmness vs. tension 4.99 1.14 5.15 1.09 4.87 1.16 3.42 <0.001
Attraction vs. antipathy 4.40 1.20 4.71 1.08 4.16 1.22 6.68 <0.001

Note: M = mean: SD = standard deviation.
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TABLE 3

Evaluation of bifactor models in Study 1

W Wg Wy Wys ECV ECV
F1 F2 F3 F4 F1 F2 F3 F4 F1 F2 F3 F4
Antecedent appraisals 095 091 085 08 089 085 0.00 066 059 027 0.61 0.03 0.15 0.14 0.08
Core affective experiences 095 090 0.86 0.89 / 0.88 0.27 0.17 0.08 / 0.79 0.11 0.07 0.04 /

Notes: w = Omega; ws = Omega S; wy = Omega H; wys = Omega HS; ECV = Explained Common Variance; For antecedent appraisals, F1 = Identification vs.
disidentification, F2 = Showing off vs. shying away, F3 = Liking vs. disliking exercise in groups, F4 = Competence vs. incompetence. For core affective exercise
experiences. F1 = Enerev vs. Tiredness. F2 = Calmness vs. tension. F3 = Pleasure vs. displeasure.
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TABLE 8

Mediation modeling results

Path Standardized effect SE LLCI ULCI
Total effect 0.318 0.033 0.252 0.380
Direct effect 0.167 0.057 0.054 0.277
Total indirect effects 0.150 0.048 0.055 0.244
Indirect 1 —-0.091 0.044 —-0.178 —-0.006
Indirect 2 0.135 0.026 0.085 0.188
Indirect 3 0.107 0.023 0.064 0.156

Notes: SE, standard error; LLCI and ULCI, lower level and upper level of the bias-corrected 95% bootstrap confidence interval; Indirect 1, Antecedent appraisals
> core affective experiences > moderate-to-vigorous physical activity; Indirect 2, Antecedent appraisals > attraction-antipathy - moderate-to-vigorous physical

activitv: Indirect 3. Antecedent appraisals > core affective experiences - attraction-antinathv - moderate-to-vigorous nhvsical activitv.
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TABLE 6

Evaluation of bifactor models in Study 2

W Wg Wy Wys ECV ECV
F1 F2 F3 F4 F1 F2 F3 F4 F1 F2 F3 F4
Antecedent appraisals 096 091 085 087 091 085 009 064 054 019 0.61 0.07 0.14 0.12 0.06
Core affective experiences 095 0.88 0.87 090 / 0.86 0.23 033 0.07 [/ 0.75 0.09 0.12 0.04 /

Notes: w = Omega; wg = Omega S; wy = Omega H; wHS = Omega HS; ECV = Explained Common Variance; For antecedent appraisals, F1 = Identification vs.
disidentification, F2 = Showing off vs. shying away, F3 = Liking vs. disliking exercise in groups, F4 = Competence vs. incompetence. For core affective exercise
experiences. F1 = Energv vs. tiredness. F2 = Calmness vs. tension. F3 = Pleasure vs. displeasure.
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TABLE 4

Analysis of correlations between the AFFEXX-C and physical activity

Walking MPA VPA MVPA Total PA
Antecedent appraisals 0.05 0.22%** 0.430* 0.420* 0.36%**
Identification vs. disidentification 0.04 0.18*** 0.430% 0.390% 0.33***
Showing off vs. shying away 0.05 0.20%** 0.32%** 0.33%** 0.29%*
Liking vs. disliking group exercise 0.04 0.16*** 0.290* 0.284* 0.25%**
Competence vs. incompetence 0.02 0.15*** 0.31++* 0.29%+* 0.25%%*
Core affective experiences 0.03 0.12%%% 0.30%* 0.27%* 0.24%%%
Pleasure vs. displeasure 0.00 0.10%* 0.310* 0.28* 0.22%**
Energy vs. tiredness 0.04 0.11** 0.24%* 0.23%* 0.20%**
Calmness vs. tension 0.04 0.11%* 0.25%* 0.24*+* 0.21%%*
Attraction vs. antipathy 0.05 0.200** 0.4070* 0.380* 0.330%*

Notes: MPA = moderate-intensity physical activity, VPA = vigorous-intensity physical activity, MVPA = moderate-to-vigorous physical activity, PA = physical
activity, *p < 0.05, **p < 0.01, **p < 0.001.
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TABLE 7

Analysis of correlations between AFFEXX-C and physical activity in Study 2

Walking MPA VPA MVPA Total PA
Antecedent appraisals -0.03 0.12%%* 0.36%** 0.32%* 0.25%%*
Identification vs. disidentification 0.04 0.12%%* 0.35%%* 0.32¢%* 0.28***
Showing off vs. shying away —0.12%* 0.08* 0.29%%* 0.25%%* 0.15%%*
Liking vs. disliking group exercise -0.01 0.10** 0.22°¢ 0.21%* 0.17%%*
Competence vs. incompetence 0.02 0.08* 0.28*** 0.24*** 0.21%**
Core affective experiences 0.03 0.11%* 0.28*** 0.26%** 0.23%**
Pleasure vs. displeasure 0.04 0.08% 0.27%%* 0.23%** 0.21%*
Energy vs. tiredness -0.00 0.12** 0.25%* 0.24* 0.207*
Calmness vs. tension 0.05 0.09** 0.22¢%¢ 0.20** 0.19%*
Attraction vs. antipathy -0.01 0.1370¢* 0.38** 0.34* 0.280*

Notes: MPA = moderate-intensity physical activity, VPA = vigorous-intensity physical activity, MVPA = moderate-to-vigorous physical activity, PA = physical

activity, *p < 0.05, *p < 0.01, **p < 0.001.
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TABLE 2

Model fit indices of four alternative models for two constructs in Study 1

Model X df TLI CFI SRMR RMSEA (90% CI)
One-factor model 1931.326 104 0.606 0.658 0.116 0.148 (0.142, 0.154)
. First-order factor model 457.029 98 0.918 0.933 0.055 0.068 (0.061, 0.074)
Antecedent appraisals
Second-order factor model 657.680 101 0.876 0.896 0.125 0.083 (0.077, 0.089)
Bifactor model 390.775 88 0.923 0.943 0.064 0.066 (0.059, 0.072)
One-factor model 354.722 27 0.807 0.855 0.056 0.123 (0.112, 0.135)
. . First-order factor model 84.474 24 0.960 0.973 0.029 0.056 (0.043, 0.069)
Core affective experiences
Second-order factor model 183.161 25 0.899 0.930 0.142 0.089 (0.077, 0.101)
Bifactor model 48.923 18 0.973 0.986 0.019 0.046 (0.031, 0.062)

Notes: y° = Chi-Square Test of Model Fit; df = degrees of freedom, TLI = Tucker-Lewis index, CFI = Comparative Fit Index, SRMR = Standardized Root Mean
Square Residual, RMSEA = Root Mean Square Error of Approximation, 90% CI = lower level and upper level of the bias-corrected 90% bootstrap confidence
interval.
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TABLE 5

Model fit indices of four alternative models for two constructs in Study 2

Model X df TLI CFI SRMR RMSEA (90% CI)
Antecedent appraisals One-factor model 2298.203 104 0.584 0.639 0.111 0.155 (0.150, 0.161)
First-order factor model 690.399 98 0.881 0.903 0.062 0.083 (0.077, 0.089)
Second-order factor model 877.676 101 0.848 0.872 0.123 0.094 (0.088, 0.100)
Bifactor model 525.357 88 0.902 0.928 0.064 0.075 (0.069, 0.082)
Core affective experiences One-factor model 459.273 27 0.752 0.814 0.069 0.135 (0.125, 0.146)
First-order factor model 99.469 24 0.951 0.967 0.030 0.060 (0.048, 0.072)
Second-order factor model 201.678 25 0.890 0.924 0.131 0.090 (0.079, 0.102)
Bifactor model 66.875 18 0.958 0.979 0.020 0.056 (0.042, 0.070)

Notes: y° = Chi-Square Test of Model Fit; df = degrees of freedom, TLI = Tucker-Lewis index, CFI = Comparative Fit Index, SRMR = Standardized Root Mean
Square Residual, RMSEA = Root Mean Square Error of Approximation, 90% CI = lower level and upper level of the bias-corrected 90% bootstrap confidence
interval.
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