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Background: Outcome experiences have been recognized as a prominent predictor of physical activity engagement and maintenance
in adults with obesity, while the underlying mechanisms remain unclear. This study aims to investigate and elucidate whether and how
growth mindset and self-control strategies serve as modifiable mediators in this relationship.

Methods: A cross-sectional study was conducted using stratified sampling, enrolling 209 adults with obesity. Logistic regression, structural
equation modeling, system dynamics modeling, and simulation interventions were employed to test the hypothesized mediation model.
Results: Outcome experiences were directly and significantly associated with physical activity (f = 0.247, P < 0.01). This association
was significantly mediated by growth mindset (indirect effect =0.055, 95% CI [0.034, 0.122]), whereas the mediation role of self-
control strategies was not statistically significant (indirect effect = 0.011, 95% CI [—0.027, 0.059]). Notably, a chained mediating effect
was observed, with growth mindset and self-control strategies jointly mediating the relationship between outcome experiences and
physical activity (indirect effect = 0.011, 95% CI [0.004, 0.038]). Together, these mediators explained 23.77% of the total variance in
physical activity. Simulation intervention further evidenced that reinforcing growth mindset and self-control strategies, particularly in
combination, can generate sustained improvement in the trajectory of PA engagement.

Conclusion: Although outcome experiences are resistant to change, their impact on physical activity can be modulated through
adaptive psychological mechanisms, including growth mindset and self-control strategies. Interventions targeting these modifiable
factors offer a promising pathway to promote physical activity among adults with obesity, especially those affected by negative past
experiences. However, given the cross-sectional design of this study, causal inferences are limited, and the intervention recommenda-
tions remain preliminary, necessitating further validation through longitudinal and experimental research.
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Introduction

Obesity is a major global health crisis, with over 2.2 billion adults currently classified as overweight or obese—a figure
projected to exceed 54% of the global adult population by 2035, costing over 4.32 trillion dollars." Although physical
activity (PA) is a cornerstone of obesity management, participation and adherence remain elusive. In 2018, only 15% of
US adults with obesity met PA guidelines.” Similarly, Hansen et al reported that merely 33% of adults adhered to PA
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recommendations, with obese individuals being 63% less likely to meet these guidelines than their normal-weight
counterparts.” Even among successful weight loss maintainers, only 22.3% consistently achieved PA targets.*
Participating and maintaining PA poses substantial challenges for adults with obesity.

Outcome experiences, which reflect personal experiences and appraisals regarding specific behaviors, are recognized
as a pivotal determinant of PA maintenance among obese adults.”® Driven by health and appearance concerns,
approximately 66.7% of obese adults have attempted weight loss.” However, weight loss commonly reaches a plateau,
and alarmingly, high rates of weight regain are frequently documented, sometimes even surpassing the initial body
weight.® These discouraging experiences, compounded by pain, embarrassment, and psychological stress, can signifi-
cantly deter sustained participation in PA.° Therefore, we proposed Hypothesis 1: Outcome experiences are associated
with PA. However, as outcome experiences are relatively stable and difficult to modify, identifying underlying mechan-
isms and modifiable mediators is crucial for effective intervention.'

Mindset, a central construct of personal agency, represents the fundamental assumptions that guide individuals’
interpretation of external information and orient their specific expectations, attributions, goals, and behaviors.'' Recently,
an increasing focus on the growth mindset as a key facilitator of health-promoting behaviors, such as healthy eating,
reducing health information avoidance, weight management, and PA.'>"'> The growth mindset of weight, a dynamic and
malleable belief system, pertains to the belief that body weight is either a fixed characteristic or a modifiable attribute.'®
Accumulating evidence underscores the positive impact of growth mindsets on PA engagement despite fears and physical
pain and predicts greater weight loss achievement.'”'® Meanwhile, a mindset can be developed from outcome experi-
ences. According to the process model of mindsets, a growth mindset emerges from the accumulation of daily
experiences. These experiences shape responses and outcome attributions, reinforcing a recursive feedback loop that
gradually stabilizes the mindset.'” Therefore, we proposed Hypothesis 2: A growth mindset mediates the relationship
between outcome experience and PA.

Self-control strategies, such as planning and resisting distractions, enable individuals to prioritize long-term goals
over immediate temptations, also playing a crucial role in PA.%° Empirical evidence indicates that the regular application
of self-control strategies can significantly increase self-reported PA and daily step counts.?’ On the other hand, outcome
experience is associated with self-control strategies. It is reported that outcome experiences, specifically emotions arising
from self-control successes and failures, can modify the perceived value of goals, subsequently affecting the exertion of
future self-control and the strategies employed.”>** Consequently, we proposed Hypothesis 3: Self-control strategies
mediate the relationship between outcome experiences and PA.

Self-control strategies are also closely related to mindset. Within the integrated growth systems framework, a growth
mindset directly enables proactive and reflective practices, such as self-control strategies, and indirectly enhances
ultimate behavioral outcomes.>* Longitudinal research also indicates that mindset has a direct effect on self-control.?®
Thus, we proposed Hypothesis 4: Weight mindset and self-control strategies serve as a mediating chain in the relationship
between outcome experiences and PA.

Taken together, we propose that outcome experiences not only directly impact PA but also do so through the mediators
of growth mindset and self-control strategies. This study aims to (i) quantify these multiple mediating effects between
outcome experiences and PA, and (ii) simulate the dynamic impact of enhancing growth mindset and self-control strategies
on PA trajectories. This hybrid approach not only advances theoretical understanding but also offers a practical tool for
designing adaptive, simulation-based interventions to support long-term PA engagement in populations with obesity.

Materials and Methods

Study Sample and Data Collection

This cross-sectional study was conducted from September 2024 to January 2025 in Hangzhou, the capital city of Zhejiang
Province, located on the southeastern coast of China. In 2024, Hangzhou had an estimated resident population of approxi-
mately 12.62 million.?® The prevalence of overweight and obesity among Hangzhou residents has surpassed one-third, closely

27,28

mirroring the national overweight and obesity rate of 34.3% in China, suggesting a certain level of representativeness. We

used a stratified sampling strategy to select two hospitals and four districts for the study. The hospital sites included one
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municipal and one provincial facility, while the selected districts were Shangcheng (central), Xihu (western), Xiaoshan
(eastern and southern), and Gongshu (northern). Eligibility criteria for participants included: i) a diagnosis of obesity, defined
as a body mass index (BMI) of >28 kg/m?; ii) age of 18 years or older; iii) a history of weight loss through PA (evaluated by the
question “Have you ever deliberately engaged in physical activity for a purpose?”’; participants who selected “lose weight”);
and iv) provision of written informed consent. Exclusion criteria encompassed: i) current pregnancy or plans to become
pregnant; and ii) a diagnosis of severe cognitive, psychiatric, or neurological disorders.

Data were gathered through face-to-face interviews conducted by trained nursing graduate students with substantial
field experience in site surveys. All investigators underwent uniform training in questionnaire administration and
interview techniques before data collection. Furthermore, each investigator thoroughly reviewed every questionnaire
item to ensure a comprehensive understanding. This was followed by a collaborative pilot administration with adults with
obesity to standardize procedures from the outset. During the data collection process, all investigators administered the
questionnaires using standardized and uniform instructions. The participants were thoroughly informed about the study’s
objectives and procedures, and written informed consent was obtained. The questionnaires were primarily self-
completed, with assistance provided when necessary. Due to the limited number of participants present during each
survey session, a maximum of two investigators were present at any given time. The author (BZ) was responsible for
addressing nearly all participant inquiries and exclusively administered questionnaires to older adults. We collected and
reviewed these questionnaires immediately on-site, ensuring data accuracy through manual double-entry of the data.
Overall, 223 individuals were surveyed, with 209 providing valid responses, resulting in an effective response rate of
93.7%. Ethical approval for the study was obtained from the Ethics Committee of Zhejiang University (2024-005).

Measures

PA

PA was assessed using the International Physical Activity Questionnaire Short Form (IPAQ-SF), a condensed version of
the original IPAQ. Both instruments were developed by an international consortium of physical activity researchers to
enable population-level surveillance among adults.”” The IPAQ is extensively utilized as a self-reported measure for
evaluating PA and exhibits strong psychometric properties, including high reliability and evidence of construct validity.*
The TPAQ-SF captures participants’ duration and frequency of vigorous-intensity activity, moderate-intensity activity,
walking, and sitting over the past seven days. A metabolic equivalent of task (MET) score is calculated for each activity
domain, with values of 3.3 METs for walking, 4 METs for moderate-intensity activity, and 8 METs for vigorous-intensity
activity. Based on criteria established in previous studies, participants were subsequently categorized as having low,

moderate, or high activity levels.>' >?

Growth Mindset

The growth mindset of weight was assessed using a well-established six-item instrument, adapted from Dweck’s implicit
theory measure of intelligence (eg, “You have a certain body weight, and you can’t really do much to change it”).** This
instrument comprised six items, with responses scored on a scale from 1 (strongly agree) to 6 (strongly disagree). Higher
scores reflected a stronger growth mindset of weight.'” In this study, the Cronbach’s alpha for this questionnaire was
0.844, indicating good reliability.

Self-Control Strategies

The self-control strategies were evaluated using the self-control strategies dimension of the multidimensional self-control
scale.®® This dimension originally consisted of six items, but two items were excluded due to weak correlations with PA:
“I try to conquer the fear if I do something scary” and “When it is hard to for me to concentrate on what I read, I try
different ways of increasing my concentration”. Responses to each item were recorded on a 5-point Likert scale, ranging
from 1 (completely noncompliant) to 5 (completely compliant). A higher total score indicated a greater level of self-
control strategy. In the extreme group analysis, /-tests were performed comparing the upper and lower 27% of
respondents, revealing statistically significant differences across all items (p < 0.001). As detailed in Supplementary
Table 1, item-total correlation coefficients ranged from 0.460 to 0.812 (p < 0.01), with factor loadings ranging from 0.802
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to 0.872, except for Item 4 (“I often look for new solutions by redefining the situation”), which exhibited a lower loading
of 0.296. This item also demonstrated the lowest loading (0.40) in the study by Nilsen et al**> and was consequently
excluded based on the threshold of 0.50.°° The revised three-item scale demonstrated good internal consistency, with
a Cronbach’s alpha of 0.786.

Outcome Experience

The assessment of outcome experience was conducted using five items specifically designed to evaluate the PA
experience among adults with obesity. The questionnaire for this study was developed through a process involving the
screening of items via a literature review and our prior qualitative research,®*’ consultation with experts, and subsequent
modification and preliminary validation of the instrument through a pre-survey. Initially, participants responded, “ Have
you ever deliberately engaged in physical activity for a purpose?” Those who selected “lose weight” proceeded to

99 ¢

complete the following five items: “My weight decreased after physical activity”, “I achieved my physical activity goal”,
“My weight loss plateaued after physical activity”, “My weight rebounded after physical activity”, and “I am satisfied
with the outcome of physical activity”. Each item was rated on a five-point Likert scale (1 = strongly disagree, 5 =
strongly agree), with two items reverse-scored. Higher scores indicated more favorable outcome experiences. In the
present study, the extreme group analysis confirmed statistically significant differences for all items (p < 0.001). As

shown in Supplementary Table 1, item-total correlation coefficients ranged from 0.552 to 0.747 (p < 0.01), and factor

loadings ranged from 0.786 to 0.872, with a Cronbach’s alpha of 0.605, indicating acceptable reliability and validity.*®

Covariates

Sociodemographic and clinical variables included age, sex, religious belief, education level, marital status, place of residence,
occupation, household monthly income, medical insurance, metabolic comorbidities, and obesity grade. Obesity grade was
determined by BMI, calculated as weight (kg) divided by height squared (m?), and categorized into four classes: class
1(28.00-32.49 kg/m?), class II (32.50-37.49 kg/m?), class III (37.50—49.99 kg/m?), and class IV (>50.00 kg/m?).

Statistical Analysis

We conducted the data analysis using SPSS version 26.0, Mplus version 8.3, and Vensim PLE version 8.2.1. The
relationship between PA and sociodemographic variables was examined using t-tests and one-way ANOVA. Logistic
regression analysis was employed to explore the association between outcome experience, growth mindset, self-control
strategies, and PA, with categorical covariates converted into dummy variables. Then, the structural equation model
(SEM) was applied to quantitatively analyze the mediation pathways involving growth mindset and self-control strategies
between outcome experience and PA.*>° The hypothesized model was deemed to fit the data well if the value of y¥df
(degrees of freedom) was less than 5, the Comparative Fit Index (CFI) and Tucker—Lewis Index (TLI) were greater than
0.90, and the Root Mean Square Error of Approximation (RMSEA) was less than 0.08.

Furthermore, the study utilizes a system dynamics (SD) model to simulate the interactions between these factors and
PA. SD is a mathematical and methodological modeling approach introduced by Forrester to address complex issues and
simulate the anticipated outcomes of interventions in intricate health dilemmas.*®*' Through the simulation of interven-
tion outcomes in complex health dilemmas, SD offers a distinctive lens for analyzing obesity and tackling the issue
effectively.**** For instance, a comprehensive review has highlighted its established value in the field of obesity,
demonstrating its notable effectiveness in guiding intervention development and optimizing resource allocation.*® This
methodological integration helps to identify the optimal conditions for achieving desired levels of growth mindset and
self-control strategies to enhance PA effectively. SD models can be developed from multiple sources, including
theoretical frameworks, group model building sessions, stakeholder workshops, and interviews.*® In this study, SEM
was initially utilized to test and quantify the structural relationships among outcome experience, growth mindset, self-
control strategies, and PA. The path coefficients derived from SEM were subsequently employed to initialize the SD
model. Specifically, the SEM coefficients informed the dependency equations within the SD model, while standardized
values of the constructs served as initial stocks. The model’s structure was visualized using a stock-and-flow diagram,
with detailed descriptions provided in the Supplementary Methods, and Supplementary Tables 1-3. This combination of
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SEM and SD has also been reported for its capacity to incorporate dynamism into models.*>** Then, a series of
simulation scenarios were systematically manipulated growth mindset and self-control strategies to assess their impact on
PA trajectories. The simulated scenarios encompassed single-factor enhancements, with 20% and 50% increases in either
growth mindset or self-control strategies, and combined enhancements at varying intensities. This methodological
approach facilitated the evaluation of prospective system behavior under diverse configurations, the identification of

leverage points, and the prioritization of intervention targets to optimize behavioral outcomes.

Result

Sociodemographic Characteristics of Participants

Table 1 presented the sociodemographic characteristics of participants with obesity. The mean age (£SD) was 34.90 +
9.91 years, with a roughly equal distribution of male and female participants. A majority of the participants were either
married or cohabiting (89.8%), resided in urban areas (80.9%), and were classified as having obesity grade I (45.0%).
Compared to individuals with negative symptoms or comorbidities, healthy adults with obesity were less likely to engage
in PA (P<0.05).

Table | Characteristics of the Study Participants (n = 209)

Variable N(%) Physical Activity $2H P?
Low Moderate High
Age (years) 3490 (9.91) | 34.48 (7.89) | 35.86 (11.43) | 33.74 (10.51) | 0.729 | 0.484
Sex 5.169 | 0.075
Male 113 (54.1%) | 48 (55.2%) 39 (46.4%) 26 (68.4%)
Female 96 (45.9%) 39 (44.8%) | 45 (53.6%) 12 (31.6%)
Religious belief 1.951 0.377
Have 17 (8.1%) 5 (5.7%) 7 (8.3%) 5 (13.2%)
Not have 192 (91.9%) | 82 (94.3%) 77 (91.7%) 33 (86.8%)
Education level 8.601 0.197
Junior high school and below 14 (6.7%) 7 (8.0%) 5 (6.0%) 2 (5.3%)
High school 38 (18.2%) 17 (19.5%) I (13.1%) 10 (26.3%)
Junior college 66 (31.6%) 33 (37.9%) 23 (27.4%) 10 (26.3%)
University and above 91 (43.5%) 30 (34.5%) 45 (53.6%) 16 (42.1%)
Marital status 9.365 0.110
Married or Cohabiting 99 (47.4%) 50 (57.5%) 36 (42.9%) 13 (34.2%)
Divorced or Separated 13 (6.2%) 3 (3.4%) 8 (9.5%) 2 (5.3%)
Widowed 3 (1.4%) 1 (1.1%) I (1.2%) 1 (2.6%)
Never Married 94 (45%) 33 (37.9%) 39 (46.4%) 22 (57.9%)
Place of residence 4226 | 0.373
Urban 169 (80.9%) | 65 (74.7%) 72 (85.7%) 32 (84.2%)
Town 28 (13.4%) 14 (16.1%) 9 (10.7%) 5 (13.2%)
Rural 12 (5.7%) 8 (9.2%) 3 (3.6%) | (2.6%)
Occupation 10.294 | 0.398
Enterprise/institution 101 (48.3%) | 42 (48.3%) 44 (52.4%) 15 (39.5%)
Worker/peasant 7 (3.3%) 3 (3.4%) I (1.2%) 3 (7.9%)
Self-Employed 33 (15.8%) 14 (16.1%) 14 (16.7%) 5 (13.2%)
Student 13 (6.2%) 3 (3.4%) 6 (7.1%) 4 (10.5%)
Unemployed/Retired 27 (12.9%) 14 (16.1%) 10 (11.9%) 3 (7.9%)
Other (eg freelance worker) 28 (13.4%) I (12.6%) 9 (10.7%) 8 (21.1%)
(Continued)
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Table | (Continued).

Variable N(%) Physical Activity ¥*H P?
Low Moderate High
Household monthly income (CNY) 6.571 0.362
<5000 22 (10.5%) I (12.6%) 7 (8.3%) 4 (10.5%)
5000-9999 67 (32.1%) 29 (33.3%) 26 (31%) 12 (31.6%)
10,000—15,000 54 (25.8%) 24 (27.6%) 17 (20.2%) 13 (34.2%)
>15,000 66 (31.6%) 23 (26.4%) 34 (40.5%) 9 (23.7%)
Medical insurance 7.635 0.437
Urban Basic 132 (63.2%) | 57 (65.5%) 55 (65.5%) 20 (52.6%)
New Rural Cooperative 27 (12.9%) 9 (10.3%) 9 (10.7%) 9 (23.7%)
Commercial 3 (1.4%) 2 (2.3%) 1 (1.2%) 0 (0%)
Employee Insurance 38 (18.2%) 15 (17.2%) 17 (20.2%) 6 (15.8%)
None 9 (4.3%) 4 (4.6%) 2 (2.4%) 3 (7.9%)
Metabolic comorbidities 6.447 0.034
2| 193 (92.3%) | 76 (87.4%) 79 (94.0%) 38 (100.0%)
0 16 (7.7%) I (12.6%) 5 (6.0%) 0 (0.0%)
Obesity grade 7.044 0317
Class | 94 (45.0%) 35 (40.2%) 40 (47.6%) 19 (50.0%)
Class Il 60 (28.7%) 24 (27.6%) 22 (26.2%) 14 (36.8%)
Class Il 49 (23.4%) 24 (27.6%) 21 (25%) 4 (10.5%)
Class IV 6 (2.9%) 4 (4.6%) I (1.2%) 1 (2.6%)
BMI 34.87(6.74) | 35.94 (8.17) | 34.41 (5.58) 33.42 (4.98) 3515 | 0.172

Note: *Kruskal-Wallis rank sum test; Pearson’s Chi-squared test; Fisher’s exact test.

Logistic Regression Analysis
Supplementary Table 3 displayed the results of the logistic regression analysis. In the unadjusted model, outcome experiences,

growth mindset, and self-control strategies were significantly associated with PA (P <0.05). After adjusting for covariates,
positive outcome experiences (OR = 0.093; 95% CI [0.012,0.175]), growth mindset (OR= 0.062; 95% CI[0.023,0.101]), and
self-control strategies (OR = 0.141; 95% CI [0.041,0.238]) remained significantly associated with increased PA.

Chain Mediating Analysis

To further substantiate the chain mediating effect of growth mindset and self-control strategies between outcome experience
and PA, SEM was employed, with the results illustrated in Figure 1 and Table 2. The fit indices indicated an good model fit (y*/
df=2.564, CFI1=0.961, TLI=0.950, SRMR = 0.096, RMSEA = 0.078).45 As presented in Table 2, both the total effect (f =
0.324, P<0.001) and the direct effect (B =0.247, P <0.01) of outcome experience on PA were statistically significant, with the
total indirect effect (B = 0.077, P < 0.05) accounting for 23.77% (medium effect) of the total variance. To assess the chain
mediating effects, 95% Cls were calculated. The indirect effect was derived from two pathways: (1) the association between
outcome experience and PA was mediated via growth mindset (indirect effect = 0.055, 95% CI [0.034, 0.122]), and (2) the
association between outcome experience and PA through the chain mediating effect of growth mindset and self-control
strategies (indirect effect =0.011, 95% CI [0.004, 0.038]). However, the mediating effect of coping strategy between outcome
experience and PA was not significant (indirect effect = 0.011, 95% CI [-0.027, 0.059]).

To determine the weights of feedback loops in the SD model, SEM also examined reciprocal relationships by reversing
the directions of the arrows. The results revealed that PA was significantly associated with outcome experience (f = 0.209,
95% C1[0.072,0.345], P <0.05), growth mindset (B = 0.387, 95% CI [0.278,0.496], P < 0.001), and self-control strategies
(B=0.259, 95% CI1[0.139,0.378], P < 0.001). However, other pathways did not reach statistical significance.
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Figure | Structural equation model of outcome experience, growth mindset, self-control strategy, and PA. The covariate metabolic comorbidity was included in modeling
but omitted in the figure for visual simplicity. *p < 0.05 and **p < 0.01.
Abbreviation: PA, Physical activity.

SD Models

Figure 2 presented the stock-and-flow diagrams formulated based on SEM. The simulation results for each scenario were
illustrated in Figure 3. Among individuals with low PA levels, PA remained persistently low without simulating interven-
tion. The yellow and blue curves indicated that enhancing growth mindset and self-control strategies slowed the decline in
PA, with a 50% increase in growth mindset notably elevating PA levels. The red curves underscored the cumulative effects
of combining interventions, suggesting additive benefits when strategies are implemented concurrently.

Discussion

By integrating SEM-SD, this study is the first to reveal the direct and indirect associations between outcome experiences and
PA both via modifiable factors such as growth mindset of weight and self-control strategies. The quantitative simulations
suggested that strengthening growth mindset of weight and self-control strategies, particularly in combination, could produce
cumulative improvements in PA engagement over time. These findings advance theoretical understanding of the psycholo-
gical mechanisms underlying individual agency in PA and highlight actionable targets for sustained engagement.

Table 2 Direct Effect, Indirect Effect and Total Effect

Path Effect | Boost SE 95% CI

Total Effect 0.324 0.074 0.187 ~ 0.445
Total Direct Effect 0.247 0.078 0.100 ~ 0.377
Total Indirect Effect 0.077 0.031 0.020 ~ 0.153
Outcome experience —Growth mindset — PA 0.055 0.020 0.034 ~ 0.122
Outcome experience —Self-control strategy — PA 0.011 0.018 —0.027 ~ 0.059
Outcome experience —Growth mindset —Self-control strategy —PA | 0.011 0.006 0.004 ~ 0.038
Outcome experience —PA 0.247 0.078 0.100 ~ 0.377

Note: “—” denotes the direction of the path between variables.
Abbreviation: PA, Physical activity.
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Figure 2 Stock and flow diagram of the SD mode. *Rectangles denote stocks (accumulated quantities), valves indicate flows (rates of change), and arrows represent causal
links.
Abbreviations: OE, Outcome experience; GM, Growth mindset; SS, Self-control strategies; PA, Physical activity.
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Figure 3 PA level over time with varying simulated interventions.
Abbreviations: GM, Growth mindset; SS, Self-control strategies.

From the SEM
SEM revealed a positive association between outcome experiences and PA, which is consistent with previous research.
For instance, Parschau et al found that positive exercise outcomes are significantly associated with exercise intention and
behavior, playing a more prominent role in the motivational phase than in the volitional phase of physical exercise
change.*® Positive outcome experiences, such as weight loss, can act as natural reinforcers by engaging the brain’s
reward circuitry, which is central to decision-making. This neural engagement reinforces the association between PA and
desirable outcomes, thereby promoting sustained behavioral adjustments toward increased PA.*" According to expec-
tancy-value re-evaluation theory, outcome experience might influence PA’s anticipated or intrinsic value, thereby
triggering the motivation for PA engagement.*®

In alignment with Hypothesis 2, a growth mindset of weight could partially explain the impact of outcome
experiences on PA. Primarily, evidence indicated that individuals who experienced greater success in outcome tended
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to possess a stronger growth mindset, predicting PA engagement.**>° Positive outcome experiences, such as successful
weight loss, may recalibrate perceptions of weight malleability, fostering a growth mindset. This mindset influenced PA
behavior through formative meaning systems encompassing beliefs and attributions.’' A growth mindset could cultivate
positive effort beliefs, such as the conviction that weight loss depended on sustained personal effort, thereby enhancing
perceived agency and motivating behavioral investment in PA.>' Importantly, it also facilitated adaptive attributions,
where weight change was seen as effort-dependent and setbacks were viewed as opportunities for growth, ultimately
promoting sustained engagement in PA.'*"?

Contrary to Hypothesis 3, the mediating effect of self-control strategies between outcome experiences and PA was not
statistically significant. While self-control strategies demonstrated a direct and significant association with PA in both
logistic regression and SEM, outcome experiences did not exhibit a significant association with self-control strategies.
A potential mechanism may be that outcome experiences influence self-control strategies through mediating psychological
constructs rather than exerting a direct effect. From the perspective of ego depletion, the outcomes of physical activity
experiences shape cost-benefit expectations and future effort investment, subsequently affecting self-control strategies.>
Furthermore, the MoVo process model proposed that outcome experiences shape outcome expectations and intentions,
which subsequently facilitate self-control strategies.”>* When outcome experiences fail to effectively reinforce outcome
expectations and intentions, the downstream activation of self-control strategies may be impeded. However, once activated,
self-control strategies facilitate individuals in initiating and maintaining regulatory actions—such as planning, monitoring,
and suppressing competing impulses—to achieve their PA objectives.”® A sequential indirect effect involving a growth
mindset and self-control strategies supported Hypothesis 4, suggesting that outcome experiences influence self-control
strategies indirectly through the growth mindset. This finding was consistent with the integrated growth systems frame-
work, where a growth mindset enables the practices, including self-control strategies, to mediate the association between
context and outcomes.”* Adults with obesity who possess a growth mindset demonstrate adaptive self-control strategies,
characterized by the adoption of mastery-oriented strategies rather than succumbing to helplessness when faced with
setbacks.>® These adaptive self-control strategies may facilitate greater resilience in the face of challenges,”’ which, in turn,
could support the initiation and maintenance of PA. Consequently, higher outcome experiences are associated with elevated
levels of growth mindset, which contribute to enhanced self-control strategies and ultimately lead to increased levels of PA.
This underscores the potential for fostering s growth mindset and self-control strategies to improve PA.

From the SD Model

Based on the SEM results, which identified growth mindset and self-control as mediators between outcome experiences
and PA, the SD simulations offer a dynamic extension by illustrating how strengthening these mechanisms could alter PA
trajectories over time. Simulations utilizing the SD model demonstrated that interventions targeting a growth mindset of
weight or self-control strategies could lead to slight improvement in PA trajectories. A stronger effect was observed when
the growth mindset of weight was enhanced by 50% or when combined with self-control strategies. It should also be
noted that these simulation results are exploratory and have not been empirically validated in longitudinal or interven-
tional studies, although they underscored the potential effective targets for future research. To date, growth mindset
intervention has predominantly concentrated on academic and psychological outcomes.’® The application of such
interventions within health-related domains, such as PA, is still in its nascent stage. However, a digital mindset
intervention for individuals with knee osteoarthritis has preliminarily evidenced that substantial improvements in mindset
were accompanied by medium effect sizes for PA.>° Additionally, a randomized controlled trial has shown that mindset
interventions enhance self-reported PA compared to participants who only received accurate step counts,’’ indicating
a promising translational pathway. The underlying mechanism might involve growth mindsets enhancing resilience and
fostering adaptive behaviors, such as persistence and effort, which are key components of sustained PA. These effects
appear particularly pronounced among vulnerable populations “at risk”, where individuals encounter stress, threats, or
adverse environmental constraints.’’ The pronounced effect observed when combining growth mindset and self-control
strategies may stem from a synergistic mechanism: growth mindsets enhance motivation by fostering positive beliefs
about ability and effort, while self-control strategies serve as the operational tools to realize the motivation driven by
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a growth mindset. This interaction is rooted in the reciprocal reinforcement of motivational and strategic processes,
forming a cohesive system for fostering growth and resilience, thereby promoting sustained PA engagement.

Theoretical and Practical Implications

The key contributions of this research are twofold. Theoretically, this study advances understanding by elucidating the
mechanism through which outcome experiences influence PA via the sequential mediation of a growth mindset and self-
control strategies. Grounded in positive psychology, this agency-centered framework clarifies how beliefs and volitional
processes interact to promote PA, offering a foundation for theory development in behavior change. Within the Chinese
cultural context, adults with obesity may attribute their weight status to external factors, such as genetic predispositions
and socio-environmental conditions (eg, “overwork obesity”), rather than primarily to personal effort. This attributional
pattern contrasts with cultural settings where internal attributions are more prevalent and may attenuate the relationship
between a growth mindset of weight and participation in PA. Practically, the findings offer potential actionable
intervention targets for promoting PA, particularly in individuals who have experienced adverse weight loss outcomes.
These targets include fostering a growth mindset of weight and enhancing self-control strategies. Growth mindset
interventions are well-established, with their efficacy extensively validated and reported in reputable journals such as
Nature.'">*¢! Building on this empirical foundation, future research should focus on developing tailored, obesity-specific
online growth mindset interventions, offering a scalable and cost-effective path to foster a growth mindset and sustained
PA engagement. Furthermore, self-control strategies, including situation modification, precommitment techniques, and
willpower training,’* should be incorporated into enhancing PA engagement.

Limitations

Although this study is the first to identify the chain mediating roles of a growth mindset of weight and self-control
strategies between outcome experience and PA, several limitations should be acknowledged. Firstly, the cross-sectional
design of this study limits the ability to infer causality from the conclusions. To address this, further prospective
longitudinal and experimental designs, such as just-in-time adaptive interventions and system identification approaches,
are necessary to confirm and expand upon these findings. Secondly, our sampling was limited to Hangzhou due to
resource constraints, future research should test the robustness of our findings in larger and more culturally diverse
samples, both within and beyond China. Furthermore, this study innovatively integrates SD with SEM results to simulate
the effects of changes in mediators on PA. However, since the SD model is parameterized based on cross-sectional SEM
outputs, it is limited in its ability to fully capture temporal causal relationships that intervention data might reveal. Future
research employing longitudinal designs or experimental validation is necessary to further substantiate and refine the
dynamic processes modeled in this study. The fourth limitation involves using self-reported questionnaires, which may be
influenced by social desirability bias and recall bias in outcome experience. Consequently, a multimodal measurement
approach is required, incorporating experience sampling diaries, objective wearables (eg, accelerometers), implicit tasks,
and inhibitory control paradigms (eg, Go/No-Go tasks) to achieve precise measurement. Finally, potential unmeasured
confounding variables may have influenced the findings, which should be addressed in future research.

Conclusion

Weight loss is a commonly pursued goal among adults with obesity; however, PA participation and maintenance remain
challenging. This study demonstrates that outcome experiences have a direct effect on PA and exert indirect effects
through the growth mindset of weight and self-control strategies. Targeted interventions focused on growth mindset and
self-control strategies offer a promising, scalable, and impactful avenue for sustaining PA, addressing one of the most
persistent challenges in obesity care.
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