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Abstract

Self-efficacy is a commonly included cognitive variable in weight-loss trials, but there is little
uniformity in its measurement. Weight-loss trials frequently focus on physical activity (PA) and
eating behavior, as well as weight loss, but no survey is available that offers reliable measurement
of self-efficacy as it relates to each of these targeted outcomes. The purpose of this study was to
test the psychometric properties of brief, pragmatic self-efficacy scales specific to PA, healthful
eating and weight-loss (4 items each). An adult sample (n=1790) from 28 worksites enrolled in a
worksite weight-loss program completed the self-efficacy scale, as well as measures of PA, dietary
fat intake, and weight, at baseline, 6-, and 12-months. The hypothesized factor structure was tested
through confirmatory factor analysis, which supported the expected factor structure for three latent
self-efficacy factors, specific to PA, healthful eating, and weight-loss. Measurement equivalence/
invariance between relevant demographic groups, and over time was also supported. Parallel
growth processes in self-efficacy factors and outcomes (PA, fat intake, and weight) support the
predictive validity of score interpretations. Overall, this initial series of psychometric analyses
supports the interpretation that scores on these scales reflect self-efficacy for PA, healthful eating,
and weight-loss. The use of this instrument in large-scale weight-loss trials is encouraged.

Introduction

In response to the worldwide increase in body mass index (BMI) over the last three decades
(World Health Organization, 2011), the development of translatable weight-loss programs is
a public health priority (Wadden, Brownell, & Foster, 2002). Much work has been done to
identify efficacious methods of weight-loss (Berkel, Carlos Poston, Reeves, & Foreyt, 2005;
Curioni & Lourenco, 2005; Franz et al., 2007; Haddock, Poston, Dill, Foreyt, & Ericsson,
2002; Jakicic et al., 2001; Tang, Abraham, Greaves, & Yates, 2014; Wing & Phelan, 2005).
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One promising approach involves developing interventions based on behavioral theories that
target social cognitions and self-regulation strategies (Bandura, 1986; Michie, van Stralen, &
West, 2011; Prochaska & Velicer, 1997; Schwarzer, 1992). An early review on the role of
self-efficacy in health behavior change supported the inclusion of self-efficacy enhancing
strategies in behavioral interventions (Strecher, DeVellis, Becker, & Rosenstock, 1986).
Frequent consideration for self-efficacy in weight-loss trials in the recent decades (e.g.
Byrne, Barry, & Petry, 2012; Fontaine & Cheskin, 1997; Hays, Finch, Saha, Marrero, &
Ackermann, 2014; Linde, Rothman, Baldwin, & Jeffery, 2006; Plotnikoff, McCargar,
Wilson, & Loucaides, 2005; Prochaska, Norcross, Fowler, Follick, & Abrams, 1992;
Richman, Loughnan, Droulers, Steinbeck, & Caterson, 2001; Shin et al., 2011; Warziski,
Sereika, Styn, Music, & Burke, 2008; White et al., 2004), suggests that this recommendation
was well-received among weight-loss researchers, and demonstrates a clear desire to move
toward behavioral interventions in which self-efficacy is expected to play an important role.
Progress and comparison across trials is limited, however, by inconsistency in the use,
conceptualization, and measurement of self-efficacy.

Self-efficacy is defined as an individual's belief in their ability to perform a task or reach a
goal successfully (Bandura, 1977, 1997). Individuals with higher self-efficacy are more
likely to persist in their efforts until success is achieved, compared to those with lower self-
efficacy. Self-efficacy is domain specific, such that a high sense of efficacy in one domain
(e.g., healthful eating) is not necessarily accompanied by high efficacy in other domains
(e.g., physical activity). Self-efficacy judgments for independent behavioral domains
governed by similar sub-skills are expected to be related (e.g. self-efficacy to lose weight
and self-efficacy to eat healthfully). Through this postulate of generalizability, self-efficacy
is conceptualized as a hierarchical construct (e.g. Bong, 1997; Skaalvik & Skaalvik, 2010),
though such a structure has not yet been examined for self-efficacy as it relates to typical
targeted outcomes of weight-loss trials (i.e. physical activity, healthful eating, and weight-
loss).

Some evidence suggests that self-efficacy is particularly important as a predictor of initial
success, and maintenance of weight-loss (Elfhag & Rdssner, 2005) and related behavior
changes (Maes & Karoly, 2005) in obese samples (Clark, Cargill, Medeiros, & Pera, 1996;
Trost, Kerr, Ward, & Pate, 2001). Significant positive effects of self-efficacy have been
reported for weight-loss (Byrne et al., 2012; Hays et al., 2014; Palmeira et al., 2007; Shin et
al., 2011; Warziski et al., 2008), physical activity (Linde et al., 2006; McAuley & Blissmer,
2000), and healthful eating (Hagler, 2007; Henry, Reimer, Smith, & Reicks, 2006; Steptoe,
Doherty, Kerry, Rink, & Hilton, 2000; Stotland & Zuroff, 1991). Other studies, however,
have not found these relationships (Annesi, 2007; Linde et al., 2004; Teixeira et al., 2002;
Teixeira et al., 2004). Heterogeneity of effects across studies may result from the lack of
uniformity in which self-efficacy has been included in weight-loss trials. In some cases,
measures of self-efficacy for physical activity or exercise (Plotnikoff et al., 2005; Teixeira et
al., 2004), diet or eating habits (e.g. Shin et al., 2011; Warziski et al., 2008), or both (e.g.
Linde et al., 2006; Palmeira et al., 2007) are measured. Most report on relationships between
self-efficacy and overall weight-loss (e.g. Annesi, 2007; Byrne et al., 2012; Palmeira et al.,
2007), though some focus on self-efficacy domains and behavior with congruent focal points
(e.g. the relationship between diet self-efficacy and change in fruit and vegetable
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consumption; Van Duyn et al., 2001), or incongruent focal points (e.g. the relationship
between self-efficacy for exercise and change in dietary behaviors; Linde et al., 2006).
Furthermore, self-efficacy has been included as a predictor (e.g. Linde et al., 2006), outcome
(e.g. Plotnikoff et al., 2005) or mediator (e.g. White et al., 2004) in weight-loss trials.

Despite differences in the behavioral domain of interest and the range of applications of self-
efficacy in relation to various behavioral outcomes observed in the literature, no surveys are
currently available that measure self-efficacy for more than one behavioral domain related to
weight-loss (e.g. physical activity, healthful eating). Additionally, the concern of participant
burden in the application of behavioral interventions typically results in the assessment of
self-efficacy within a large battery of survey items (e.g. Plotnikoff et al., 2005; Shin et al.,
2011). Taken together, these observations highlight the need to assess self-efficacy related to
physical activity, eating, and weight loss with brief measures that can be embedded within
larger surveys. The brief measures of self-efficacy used previously (e.g. Annesi, 2007;
Steptoe et al., 2000; Van Duyn et al., 2001), however, have little or no supporting evidence
of construct validity. Tests of factorial validity have been reserved for surveys with greater
numbers of items (i.e. 20-25), though they reflect factors presumed to contribute to a single
behavioral domain of self-efficacy (e.g. Clark, Abrams, Niaura, Eaton, & Rossi, 1991;
Glynn & Ruderman, 1986). Furthermore, reports of measurement equivalence/invariance of
those scales are infrequent, even though differences in effects between self-efficacy and
weight-loss-related behaviors (i.e. weight-loss, physical activity, or healthful eating) have
been reported according to gender (Forster & Jeffrey, 1986; Linde et al., 2004), BMI status
(Richman et al., 2001), and race (Annesi, 2007). Lastly, the frequent use of author developed
or adapted scales (e.g. Dennis & Goldberg, 1996; Hagler, 2007; Henry et al., 2006;
Schwarzer & Renner, 2000; Steptoe et al., 2000) suggests dissatisfaction with available
measures, and has contributed to the accumulation of evidence that is difficult to interpret.

The development and validation of brief pragmatic measures?® of key theoretical constructs
specified as important mechanisms of behavior change, which may be proximal indicators of
intervention effects, is of importance to facilitate research translation (Glasgow, 2013). The
purpose of the current investigation was to provide a survey to measure self-efficacy for
weight-loss-related behaviors that is brief, comprehensive, and pragmatic. Here we report on
initial tests of the psychometric quality of a brief survey targeting self-efficacy for weight-
loss-related behaviors. Tests of factorial and predictive validity, measurement equivalence/
invariance according to gender, age, race education level, and BMI status, and stability
across time were conducted using a representative sample of overweight and obese
individuals participating in a large-scale worksite weight-loss intervention (citation removed
for author masking in the review process).

1Pragmatic measures and metrics are defined as those that are reliable, valid, sensitive to change, feasible, important to practitioners,
actionable, user friendly, broadly applicable, low cost, harmless, and relevant to public health while enhancing patient engagement
(Glasgow, 2013). The current study aims to provide evidence of pragmatism for the presented measure.
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Methods

Participants

The sample (N=1790) consisted of overweight or obese adults (73.3% female; 73.4% white;
33.7% college grad) with a mean (sd) age 46.61(10.978), and BMI 33.32(6.54), from 28
worksites in Southwestern Virginia enrolled in a 2-condition cluster randomized weight-loss
trial. Eligibility for the worksite weight-loss program extended to worksites with 100-600
employees and Internet access at work. Included worksites agreed to distribute a brief health
survey to the entire employee population. Participant inclusion for the worksite weight-loss
program extended to individuals with a BMI >24.5 kg/m?2. All participants provided
informed consent.

Procedure

Procedures for the current study were embedded in those of the worksite weight-loss trial.
Worksites were randomly assigned to one of two intervention programs: 1) IncentaHealth
and 2) Livin' My Weigh (LMW). Both programs provided healthy eating and physical
activity strategies for weight-loss, were based on Social Cognitive Theory (Bandura, 1997),
and were delivered over 12 months. The nutrition component targeted consumption of fruits
and vegetables and dietary fat intake, and the physical activity component encouraged
participants to work their way up to regular bouts of moderate-to-vigorous physical activity
for 150 minutes per week (Garber, Blissmer, Deschenes, & et al., 2011). Both programs
offered health promotion e-newsletters and quarterly weigh-ins. Primary differences between
conditions included the frequency of e-newsletter delivery and access to weigh-in stations,
and the presence/absence of a moderate monetary incentive which was offered in the
IncentaHealth condition only. More details on each program can be found elsewhere
(citation removed for author masking in the review process). Participants completed several
surveys, including the scale measuring self-efficacy for weight-loss-related behaviors, on
three occasions each spaced 6 months apart.

Measures

All measures, with the exception of body weight, were self-reported and completed via
either web-based or paper-and-pencil format. Demographic information (i.e. height, gender,
age, race, education level) was gathered using a brief health survey prior to random
assignment of the worksites to intervention conditions.

Self-efficacy—Self-efficacy for physical activity (PASE), healthful eating (HESE), and
weight-loss (WLSE), were each measured using four items modeled after those used by
Schwarzer & Renner (2000) to include items designed to measure self-efficacy that align
with many social cognitive theories (e.g., Social Cognitive Theory, Bandura, 1997; Health
Action Process Approach, Schwarzer, 1992; Transtheoretical Model, Prochaska & Velicer,
1997). Two items each were selected from those specified by Schwarzer and Renner as
‘action self-efficacy’ (e.g. | can manage to stick to healthful food even if I have to rethink
my entire way of nutrition.) and “‘coping self-efficacy’ (e.g. | can manage to stick to healthful
food even if | need a long time to develop the necessary routines.). Item stems were altered
to reflect the targeted outcome (e.g. “How confident are you that you can remain physically
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active even if you have to make a detailed plan?). Participants were asked to rate how
confident they were that they could stick with a specific behavior under certain
circumstances using an 11-point scale ranging from 0% to 100%. The measure is displayed
in Figure 1.

Weight—Body weight was assessed objectively using a calibrated scale at each worksite
(citation removed for author masking in the review process). For each measure of body
weight, participants logged-in to their online account and stepped onto the scale. Data was
automatically uploaded and de-identified for use by the research team.

Physical activity—Items from the behavioral risk factor surveillance survey (BRFSS;
Brownson, Jones, Pratt, Blanton, & Heath, 2000) (i.e. “how many [days per week/minutes
per day] of [moderate/vigorous] physical activity in the last seven days”) were used to
estimate weekly minutes of moderate-to-vigorous physical activity at all three time points.

Fat intake—The Block Dietary Fat Screener (Block, Gillespie, Rosenbaum, & Jenson,
2000; Flood et al., 2002; Michels et al., 2000; Thompson et al., 1999) was used to quantify
fat intake. Frequency of fatty food consumption per day, ranging from 1 to 51 times per day,
was measure using 17 items with response options that ranged from “once a month or less”
to “5+ times a week”. Higher scores represent greater consumption of fatty foods.

Statistical analysis

Robust maximum likelihood estimation was used to adjust for systematic differences
between worksites in Mplus 7.11 (Muthén & Muthén, 2012). Critical z-scores (parameter
estimate/SE) were used to test significance of relations between variables (v < .05). There
was 22.1% missingness for all measures (49,446 of 223,750 responses/measurements)
across all three measurement time points. Preliminary analyses confirmed that covariance
matrices of self-efficacy scale items did not differ between intervention conditions
(x2(df)=71.372(55), RMSEA(90% CI)=.018(.000, .030), CFI=998, SRMR=.026). Further,
changes in weight, physical activity, and fat consumption from baseline to 6- and 12-months
did not differ between groups (Wald statistic =.076, p=.1038). Therefore, the sample was
collapsed and analyses were run on the full sample for this psychometric assessment.

Confirmatory factor analysis

The factor structure of the scale was examined iteratively using confirmatory factor analysis
(CFA). Using the entire sample, model fit was compared across a number of alternative
model specifications that gradually grew more complex until we reached a model reflective
of the expected hierarchical factor structure. The model with the best fit was retained for
further analysis.

Model specifications—The simplest model specification was the null model which
reflected the absence of systematic relationships between item responses, and would suggest
that any observed covariance was a result of random influences if supported. It was expected
that the null model would demonstrate the worst model fit compared to all other models
tested, as at face value the items are clearly related and could reflect a number of underlying
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factor structures. Specification of the single factor model reflected the possibility that a
single underlying factor is responsible for all item covariances, which would suggest the
scale measures self-efficacy for weight-loss-related behaviors without distinguishing
between the targeted behavioral domains (i.e. healthful eating, physical activity, and weight-
loss). Support for the single factor model would support the use of a composite score of all
scale items, and would suggest that items targeting physical activity self-efficacy covary as
strongly with items targeting healthful eating or weight-loss self-efficacy as they do with
each other, in opposition of the theoretical postulate that self-efficacy is domain specific
(Bandura, 1977, 1997). A two factor model was specified to test the possibility that items
designed to assess self-efficacy in the planning phases of behavior change (i.e. action self-
efficacy) correlate more strongly with each other than they do with items designed to assess
self-efficacy in the post-intentional, or action phase of behavior change (i.e. coping self-
efficacy), and vice versa, regardless of behavioral domain.2 Next, an orthogonal three factor
model was specified as the first model distinguishing between behavioral domains (PASE,
EHSE, and WLSE). This model was aligned with the theoretical postulate of domain
specificity, but opposed to the postulate of generalizability across similar sub-skills
(Bandura, 1977, 1997). Finally, the hierarchical model was specified to align more fully with
self-efficacy theory such that items loaded onto first-order factors HESE, PASE, and WLSE,
reflective of the expected behavioral domain specificity of self-efficacy, and those first-order
factors loaded onto a single second-order factor for weight-loss-related behavior self-
efficacy (WLRBSE) reflective of the generalizability of self-efficacy across behavioral
domains with similar sub-skills (Bandura, 1977, 1997). An alternative model to the
hierarchical model is a correlated, three-factor model in which first-order factors for HESE,
PASE, and WLSE are allowed to correlate, but do not load onto a second-order factor. This
alternative model is statistically equivalent to the hierarchical model, making the choice of
factor structure between these two models a matter of investigator preference.

Measurement equivalence/invariance

Measurement equivalence/invariance was examined using an omnibus test of equal
covariances between groups classified according to gender, age, race, education level, and
BMI status, and across the three measurement time points. Age groups were specified as 1)
those = 1 SD below the sample mean, 2) those < 1 SD from the mean, and 3) those = 1 SD
above the mean. Racial comparisons were limited to ‘White/Caucasian’ compared with
‘Black/African American’ due to the small number of Asian (/7=12), American Indian/
Alaskan Native (/7=9), Native Hawaiian or Other Pacific Islander (/=2) participants.
Categories for education level included 1) those with a high school education or less, 2)
those with some college experience, 3) college graduates, and 4) those with postgraduate
education. Participants were also classified as ‘overweight’ (BMI of 24.5-29.9), ‘obese class
1’ (BMI of 30.0-34.9), ‘obese class 2’ (BMI of 35.0-39.9), or “‘obese class 3’ (BMI=40).

2Though this scale was modeled after the scale presented by Schwarzer and Renner (2000) in a desire to maintain alignment with
phasic theories of behavior change, items on the scale presented here were administered together at all measurement time points,
whereas Schwarzer and Renner administered the action self-efficacy items at baseline, and the coping self-efficacy items 6 months
later. This lagged administration, coupled with the limitation of the action self-efficacy scale to 2 items prohibited a test of factor
structure according to phasic alignment of the items in the previous version of the scale, justifying a test of factor structure alignment
with this theoretically derived item classification.
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Finally, stability of the measure was tested across the three measurement times spanning one
year. In the case that equivalence of covariance matrices had not been supported, tests of
decreasingly restrictive levels of equivalence were planned to identify the highest level of
measurement equivalence/invariance reflected in these data (Vandenberg & Lance, 2000).

Latent growth models

Model fit

Results

Mean-level conditional latent growth models were specified that predicted change in the
outcomes by change in each respective self-efficacy scale (e.g. change in physical activity
predicted by change in PASE), as well as by change in the second-order factor, WLRBSE. A
two-step approach was used to judge model fit of self-efficacy change predicting outcome
change (Kline, 2011). Unconditional models were first specified to test for significant
change in each factor and outcome variable independently. Conditional models then tested
relationships between change in self-efficacy and change in behavioral outcomes, with the
expectation that as self-efficacy increased, the target outcome would change in a desirable
direction (i.e. increases in physical activity, and decreases in weight and dietary fat intake).
Model 1 tested the relationship between change in WLSE and change in weight. Model 2
tested the relationship between change in PASE and change in moderate-to-vigorous
physical activity minutes per week, Model 3 tested the relationship between change in HESE
and change in dietary fat consumption, and Models 4-6 tested the relationship between
change in WLRBSE and change in each outcome behavior, separately.

Model fit was evaluated using the chi-square (XZ) statistic, comparative fit index (CFI), root
mean square error of approximation (RMSEA) and its 90% confidence interval, and
standardized root mean square residual (SRMR) (Bollen, 1989; Hu & Bentler, 1999).
Commonly, values of CFI approximating 0.90 are judged to be acceptable, while values >
0.95 indicate good fit. Close and acceptable fit are indicated by values of the RMSEA < 0.06
and < 0.08, respectively. Optimal protection from type | and type Il error rates is provided by
concurrent values =0.95 for CFl and <0.08 for SRMR (Hu & Bentler, 1999). Models were
compared using the Bayesian Information Criterion (BIC), a relative fit statistic which
approximates the Bayes factor and is conservative for comparing complex models (Bollen,
Harden, Ray, & Zavisca, 2014).

Baseline means, standard deviations, and bivariate correlations of the self-efficacy scales and
outcome measures are reported in Table 1. Model fit statistics for all confirmatory factor
analyses are displayed in Table 2.

Confirmatory factor analysis

Generally, model fit for the confirmatory factor analyses improved with increasing
complexity, though the two-factor model reflecting phasic factors of action and coping self-
efficacy demonstrated worse fit than the less complex single-factor model. The hierarchical
model demonstrated improved fit compared to the orthogonal three-factor model, the two-
factor model, the single-factor model, and the null model. Composite factor reliabilities for
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the first-order factors were .985 for PASE, .997 for HESE, and .985 for WLSE. Modification
indices specified significant item collinearity. Model fit was acceptable for this sample after
trimming a total of two items from the hierarchical model (items 4 and 12, from HESE and
WLSE, respectively). Composite factor reliabilities of the trimmed factors were .972 for
PASE, .964 for HESE, and .976 for WLSE. The hierarchical model is displayed in Figure 2.
Interested readers are encouraged to contact the corresponding author for detailed results of
the remaining confirmatory factor analyses.

Measurement equivalence/invariance

Equivalence of the covariance matrices was supported between genders (Xz(df):59.63(55),
RMSEA(90%Cl1)=0.01(<0.001,0.02), CF1=0.99, SRMR=0.07), age groups
(x(df)=462.17(100), RMSEA(90%CI)=0.03 (0.02,0.04), CFI=0.99, SRMR=0.046), race
(x%(df)=65.53(55), RMSEA(90%C1)=0.02 (<0.001,0.03), CFI=0.99, SRMR=0.03),
education (x ?(df)=270.49(165), RMSEA(90%CI)= 0.04(0.03,0.05), CF1=0.99,
SRMR=0.050), BMI status (x2(df)=234.85(165), RMSEA (90%CI)=0.03(0.02,0.04),
CFI1=0.99, SRMR=0.05), and across time (x 2(df)=398.02(310), RMSEA(90%CI)=0.01
(0.01,0.02), CFI=0.99, SRMR=0.07).

Latent growth models

Unstandardized and standardized parameter estimates for change over each 6-month interval
in the unconditional models, and the relationships between rates change over time for the
specified self-efficacy factor and outcome variable in the conditional models are listed in
Table 3. Unconditional latent growth models demonstrated acceptable model fit
(Xz(df)<21.16(1), RMSEA<0.10, CFI=0.95, SRMR<0.03), with exception of the model for
change in fat intake (y?(df)=46.89(1), RMSEA(90%C1)=0.16(0.12,0.20), CF1=0.89,
SRMR=0.04), for which relative (CFI) and absolute (RMSEA) fit indices demonstrate only
marginal fit. Parameter estimates supported significant linear change over time for all
variables (p<.01). With each 6-month increment, a reduction was seen for WLRBSE (M=
-3.00,5d=0.35), WLSE (M= -3.25, sd=0.34), PASE (M= -3.13, sd=0.41), HESE (M= -2.53,
sd=0.43), objectively measured weight (M= -1.56, sd=0.29), and fat consumption (M= -1.90,
sd=0.10), whereas moderate-to-vigorous physical activity increased over time (M= 19.44,
sd=3.48). Change over time for all variables was heterogeneous (p<.048), with exception
change in fat consumption (p=.183). All conditional models demonstrated acceptable-to-
good model fit (Xz(df)< 103.784(9), RMSEA<0.07, CFI>0.93, SRMR<0.03), and parameter
estimates supported positive change in self-efficacy significantly predicting desirable health
behavior change. The relationships between the rates of changes in self-efficacy and
behavior were heterogeneous in all conditional models (p<001).

Discussion

This study provides evidence of strong psychometric quality of this survey targeting self-
efficacy for weight-loss-related behaviors, supporting the continued use of this brief,
comprehensive, and pragmatic survey in weight-loss trials. The self-efficacy scales presented
here are the first to systematically measure PASE, HESE, and WLSE within a single tool,
and should promote uniformity of measurement across weight-loss interventions with the
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goal of enhancing progress in the development of translatable weight-loss programs.
Adapted from a brief scale capturing self-efficacy for healthful eating (Schwarzer & Renner,
2000), this new survey incorporates the phasic nature of behavior change outlined in theory
(Bandura, 1997; Prochaska & Velicer, 1997; Schwarzer, 1992) by including items framed
towards self-efficacy for starting a behavior, as well as for continuing or maintaining a
behavior, in relation to three behavioral domains: 1) healthful eating, 2) physical activity,
and 3) weight-loss. Results support the expected factor structure, measurement equivalence/
invariance across a range of relevant sample characteristics, stability of the item covariances
across time, scale sensitivity to change over time, and the expected predictive ability of each
self-efficacy factor for relevant behavioral outcomes in a large, representative sample of
overweight and obese adults participating in a worksite weight-loss program.

The extent to which the factor structure of this measure aligns with underlying theory
(Bandura, 1977, 1997) was illustrated by comparing model fit across increasingly complex
models. The first model distinguishing between behavioral domains in testing the structure
of this scale was the orthogonal three-factor model. Though still poor, this model
demonstrated improved model fit compared to all less complex models, supporting the
expectation that the scale would reflect the postulated domain specificity of self-efficacy
(Bandura, 1977, 1997). Model fit was best, compared to all other models tested, in the
hierarchical model demonstrating scale alignment with theoretical postulates of domain
specificity, and generalizability of self-efficacy across domains with similar sub-skills. An
equivalent model, the correlated three-factor model supports the theoretical postulate of
domain specificity, but does not go so far as to attribute relations between first-order factors
to a common underlying factor for WLRBSE. Performance of the alternative model is not
expected to differ from that of the hierarchical model in the analyses for measurement
invariance and predictive validity. Modification indices specified cross-loading and extreme
collinearity of two items. Removal of these two items revealed acceptable model fit for the
hierarchical model. It should be noted that this observation does not imply that the two
removed items perform poorly. Rather, in this sample, items from two different behavioral
domains covaried so strongly that the model specification restricting them to load only on
their respective factor degraded the fit of the specified model, as model test statistics indicate
the degree to which the model-implied covariance matrix matches that of the obtained data
(Kline, 2011). Factor loadings of these two items on their respective factors were both large
(B=0.826, 5= 0.898) and significant (p<.001). More work would be required to determine if
this extreme collinearity generalizes to other samples before recommending that items be
restricted from future use. Analyses therefore provided strong support for the intended factor
structure of the measure.

The structure of the survey was further supported through analysis of measurement
equivalence/invariance, and stability over time. Generally, these tests indicated that
respondents of different genders, ages, races, education levels, or BMI statuses interpret the
survey in a conceptually similar way, and there did not appear to be any differences
according to relevant sample characteristics that precluded responding to the scales in a
similar manner. Further, the factor structure was stable across time, indicating that the
conceptual frame of reference against which the sample responded to the measure did not
change over time. These results provide confidence for researchers interested in using the
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scale, that any between group effects according to gender, age, race, education level, or BMI
status are not biased by systematic differences in the interpretation of and responses to the
self-efficacy measures. Moreover, these results support the interpretation that change over
time in the scores reflects true changes in the construct of interest, as the stability of the
scale's structure has been established across three measurements spanning a year.

In addition to stability of the factor structure over time, the scale scores demonstrated
sensitivity to change over time for all self-efficacy factors, indicating a reduction in self-
efficacy for all weight-loss-related behavioral domains with each 6-month increment. The
scores were also sensitive to between subject variability in the rate of change in all self-
efficacy factors, including WLRBSE, as was indicated by significant heterogeneity of
change over time in the respective unconditional latent growth models. The reason for the
reduction in self-efficacy over time is unclear. It is plausible that the drop in self-efficacy
over time was reflective of participants changing perceptions of their ability to stick with
healthful eating and physical activity over a long period of time. This is not the first trial to
report a reduction in self-efficacy for weight-loss-related behavior (Linde et al., 2006).
These observations align with the theoretical postulate that as participants become more
experienced with the difficulty of losing weight as well as maintaining healthful eating and
physical activity, their perceptions become more realistic (Bandura, 1977, 1997). This
preliminary evidence for score sensitivity to change, and the aforementioned evidence for
factorial validity and measurement equivalence/invariance, provide strong initial support for
the application of this survey in studies focused on weight-loss or related behaviors in
overweight or obese samples.

Tests of predictive validity further supported the interpretation of scores from the new survey
as reflective of self-efficacy for weight-loss-related behaviors. Analyses confirmed the
expected relationships between change in self-efficacy and change in target outcomes, such
that increases in self-efficacy were related to more desirable outcomes (i.e. increases in
physical activity and decreases in fat intake and weight). Unstandardized results of the
conditional latent growth models indicated that for every 1% increase in WLSE, HESE, and
PASE, participants lost about three quarters of a pound, consumed less fat (reflected in a
reduction of .14 in fat intake score), and participated in about four and a half more minutes
of moderate-to-vigorous physical activity per week, respectively. Not surprisingly these
changes were nearly identical when considering WLRBSE. Results from the standardized
solutions indicate that a one standard deviation change in WLSE, HESE, or WLRBSE was
associated with a change of over a half of a standard deviation in weight and fat intake.
Effects were larger for moderate-to-vigorous physical activity, as a one standard deviation
change in PASE, or WLRBSE was associated with a change of about a full standard
deviation in physical activity level.

Relationships between change in self-efficacy, which declined over time in this sample, and
change in target outcomes were heterogeneous, indicating that those participants who
experienced increases or less decline in self-efficacy also had superior weight loss and
behavioral outcomes. Specifically, greater weight-loss, reduction in fat intake, and increases
in moderate-to-vigorous physical activity were observed for those who had more gradual
decline, and less overall decline, in WLSE, HESE, and PASE, respectively. A practical
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recommendation from this psychometric investigation, then, is that weight loss interventions
may benefit from strategies to reduce the likelihood of declines in WLSE, HESE, and PASE
similar to those used in acceptance based cognitive behavioral therapy (Hayes, 2004).
Overall, results of the conditional latent growth models provide additional support for the
validity of score interpretation from this survey as reflecting underlying self-efficacy for
weight-loss-related behaviors, as relationships between change in survey scores and outcome
measures are in the expected direction based on theory (Bandura, 1977, 1997) and empirical
evidence (Byrne et al., 2012; Hagler, 2007; Hays et al., 2014; Henry et al., 2006; Linde et
al., 2006; McAuley, Elavsky, Motl, & Konopack, 2005; Palmeira et al., 2007; Steptoe et al.,
2000; Warziski et al., 2008).

Additional research will be needed to test the construct validity of the measurements
obtained with this survey. Tests of convergent and discriminant validity, and evidence for
predictive validity using more comprehensive, as well as objective, measures of physical
activity and dietary habits are recommended. Also, continued use of this survey in trials of
varying size and diversity are encouraged as assessment of psychometric performance of this
survey under varying conditions is necessary to determine its applicability to weight-loss
programs across the translational spectrum. It is recommended that scores be summed for
items measuring HESE, PASE, and WLSE for further use. A composite score is not
recommended to measure WLRBSE, as the single-factor model demonstrated poor model
fit. More evidence will need to be generated before a proper weighting coefficient can be
added so that we may appropriately assess WLRBSE, if possible.

Conclusion

Overall, evidence provided here supports the validity of score interpretations from this
survey targeting self-efficacy for weight-loss-related behaviors in overweight or obese
individuals participating in a large-scale worksite weight-loss trial. The expected factor
structure was supported, and the strictest form of measurement equivalence/invariance was
observed according to gender, age, race, education level, and BMI status. The scale scores
also demonstrated stability and sensitivity to change over time. Conditional latent growth
models revealed the expected relationships between change in self-efficacy and change in
targeted outcomes. The performance of these scales in a large, representative sample
supports the use of this survey in similar trials. Additional support for this survey could be
provided by tests of convergent and discriminant validity, as well as reports on applied
hypothesis testing based on self-efficacy theory in randomized controlled trials. Future
studies might also test the quality of the survey using physical activity and diet constructs
not present in the current investigation. Continued use of this measure in trials and
longitudinal observations examining self-efficacy and weight-loss-related behaviors is
encouraged to further test validity, and explore the relationships between self-efficacy, eating
and physical activity behaviors, and weight loss.
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Please answer the following questions using this scale:

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Mot at
All Canfident

How confident are you that you can stick with eating healthful foods. . .

1) ...evenif you needa long time to develop the necessary routines.
2) .. .evenif you have to tryseveral times until it works.

3) ...evenif you have to rethink your entire way of nutrition.

4) ... evenif you have to make a detailed plan.

How confident are you that you can be physically active. . .

5) ...evenif you needa long time to develop the necessary routines.
6) ...evenifyou have to tryseveral times until it works.

7) ...evenif you have to rethink your entire way of physical activity.
8) ...evenif you have to make a detailed plan.

How confident are you that you can lose weight. . .

9) ...evenif you needa long time to develop the necessary routines.
10) .. . evenif you have to try several times until it works.

11) .. .evenif you have to rethink your entire way of losing weight.
12) ... evenif you have to make a detailed plan.

Figure 1. Weight-loss-related behavior self-efficacy scales
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Figure 2. Hierarchical model reflecting the hypothesized factor structure of the scale
WLSE: Weight-loss self-efficacy; PASE: Physical activity self-efficacy; HESE: Healthful

eating self-efficacy; WLRBSE: Weight-loss-related behavior self-efficacy; d: Disturbance
term for endogenous latent factors.
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Standardized path coefficientsfor change over time in the unconditional modelsand the
relationship between change in outcome and change in self-efficacy in the conditional

models

Unconditional Models

WLSE

HESE

PASE

WLRBSE
Weight

Fat intake
MVPA

Conditional M odels

Model 1: Weight on WLSE
Model 2: Fat intake on HESE
Model 3: MVPA on PASE
Model 4: Weight on WLRBSE
Model 5: Fat intake on WLRBSE
Model 6: MVPA on WLRBSE

B(95% Cl)

Z4(95% Cl)

-3.253 (-3.920, -2.586)
-2.525 (-3.364, -1.686)
-3.131 (-3.939, -2.323)
-3.000 (-3.690, -2.310)
-1.559 (-2.128, -0.990)
-1.901 (-2.103, -1.699)
19.440 (12.679, 26.201)

-0.762 (-1.001, -0.523)
-0.136 (-0.191, -0.081)
4506 (2.649, 6.363)
-0.766 (-0.999, -0.533)
-0.158 (-0.029, -0.107)
4.280 (2.831, 5.729)

-0.560 (-0.823, -0.297)
-0.396 (-0.653, -0.139)
-0.447 (-0.618, -0.276)
-0.483 (-0.687, -0.279)
-0.231 (-0.321, -0.141)
-1.141 (-2.010, -0.272)
0.594 (0.176, 1.012)

-0.672 (-0.846, -0.480)
-0.630 (-1.111, -0.129)
0.978 (0.268, 1.688)
-0.647 (-0.845, -0.449)
-0.683 (-1.211, -0.155)
0.865 (0.181, 1.549)

<.001
.002
<.001
<.001
<.001
.010
.005

<.001
.010
.007

<.001
011
.013

Unconditional models indicate change in the respective variable over each 6-month interval. Conditional models indicate the relationship between
change in self-efficacy and change in outcome over each 6-month interval. WLSE: Weight-loss self-efficacy; PASE: Physical activity self-efficacy;
HESE: Healthful eating self-efficacy; WLRBSE: Weight-loss-related behavior self-efficacy; MVPA: Moderate-to-vigorous physical activity. B

represents the unstandardized solution, whereas Zﬁ reflects the standardized solution.
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