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Abstract
The Regulation of Eating Behavior Scale (REBS) is one of the most popular measures to assess why 
people regulate their eating behaviors. However, few studies have examined its psychometric 
properties and problems with discriminant validity have been identified in previous research. The 
present study (re)examined the factor structure and criterion-related validity of the REBS using 
confirmatory factor analysis (CFA), exploratory structural equation modeling (ESEM), and bifactor 
(S-1) modeling in a sample of middle-aged women (N = 1447). We also examined longitudinal 
measurement invariance in a subsample of participants (n = 803) who responded to the survey 5 
years later. The bifactor S-1 ESEM provided an excellent fit to the data and the factor loading 
pattern showed a well-defined global self-determination factor anchored in intrinsic motivation 
with decreasing contribution from the other items on the continuum. Relations between the global 
and specific motivation factors, food habits, binge eating, and BMI provided evidence of criterion-
related validity. Longitudinal measurement invariance across time was also verified. Our results 
support the idea that the global factor represent a general quantity of self-determination rather 
than relative self-determination.
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Understanding peoples underlying motivation to regulate their eating behaviors can 
greatly advance our understanding of why some people are successful at regulating 
their eating behaviors and others struggle. Self-determination theory (SDT; Ryan & Deci, 
2017) conceptualizes motivation along a continuum of behavioral regulatory styles that 
varies according to their degree of internalization and self-determination. The most self-
determined type is intrinsic motivation, which is defined as engaging in an activity or 
behavior for the inherent satisfaction, interest, and enjoyment of the activity or behavior. 
At the opposite end of the continuum lies amotivation, which is characterized by an 
absence of motivation and not valuing the activity or outcomes associated with it. In 
between these two extremes are four types of extrinsic motivation. External regulation 
is the least self-determined type and is defined by engagement in an activity or behavior 
for instrumental reasons where no internalization has occurred. Introjected regulation 
is characterized by partial internalization of the activity or behavior, however, it is not 
accepted as one’s own and is characterized by internal pressures to avoid shame and guilt 
or enhance ego and self-worth. Identified regulation is largely internalized and is present 
when the person values the outcomes of the activity or behavior as personally important. 
The most self-determined of the extrinsic regulations is integrated regulation, which is 
present when the activity or behavior is in line with the persons’ values and sense of self.

The different types of motivation described in the previous paragraph are key ele
ments of the SDT process model of motivation, which is focused on motivational factors 
influencing peoples’ health and behavior (see Figure 1). In brief, this motivational model 
highlights predictor variables in the social context and individual difference variables 
that affect individuals’ basic psychological needs for autonomy, competence, and relat
edness. Satisfaction or frustration of the basic psychological needs, in turn, influences 
motivation, which is a key predictor of health behaviors, maintained behavior change, 
and wellbeing (see e.g., Ntoumanis et al., 2021, for a meta-analysis on the effects of 
SDT-informed interventions on motivation, health behaviors, and health).

Previous research shows that regulating ones behavior for more autonomous reasons, 
such as out of pleasure, interest, or that the behavior is congruent with one’s own 
goals and values, is related to adaptive outcomes, such as lower BMI, healthier eating 
habits, higher self-efficacy for healthy eating, and less body size dissatisfaction (Guertin 
et al., 2015; Leong et al., 2012; Mask & Blanchard, 2011; Pelletier et al., 2004; Teixeira et 
al., 2011). Regulating ones eating behavior for more controlled reasons, for example to 
satisfy or abide to some external standard (e.g., to avoid punishment or gain a reward) 
or to avoid feelings of guilt, have generally been associated with maladaptive outcomes, 
such as unhealthy eating habits, negative affect, and bulimic symptoms (Carraça et al., 
2019; Otis & Pelletier, 2008; Pelletier et al., 2004; Verstuyf et al., 2012).
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Figure 1

The Process Model of Motivation Based on Self-Determination Theory

Regulation of Eating Behavior Scale (REBS)
The primary measure to assess eating behavior regulatory styles based on SDT is the 
Regulation of Eating Behavior Scale (REBS; Pelletier et al., 2004). However, there has 
been a lack of studies examining psychometric properties (e.g., factor structure) of the 
REBS. Three previous studies have been published that examined the factor structure and 
reliability of the REBS, which included Canadian (Pelletier et al., 2004) and US (Hamilton 
et al., 2018) student samples with a mean age of 22.5 years or younger and an adult 
Portuguese sample with a mean age of 30.5 years (Teixeira et al., 2021); how generaliz
able these findings are to other populations (e.g., older participants, other cultures) is 
unknown. Furthermore, these previous studies examined the factor structure of the REBS 
using independent clusters model confirmatory factor analysis (ICM-CFA). Solely relying 
on ICM-CFA is considered a suboptimal approach for examining the factor structure 
of multidimensional instruments such as the REBS because of the constraints placed 
on the ICM-CFA model (e.g., zero cross-loadings; Marsh et al., 2014). These constraints 
often result in inflated factor correlations and poor discriminant validity among the 
latent factors (Marsh et al., 2014). Previous studies with the REBS have found latent 
factor correlations stronger than 0.70 (Hamilton et al., 2018) and some as strong as 0.93 
(Teixeira et al., 2021), which indicates poor discriminant validity.

The Present Study
Although these previous studies have made important contributions to the measurement 
of eating behavioral regulations from an SDT perspective, recent developments in the 
psychometric and motivational literature (cf. Howard, Gagné, Van den Broeck, et al., 
2020) calls for additional psychometric scrutiny of the REBS. The purpose of the present 
study was thus to (re)examine the factor structure of the REBS to advance our knowledge 
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of REBS structural validity. More specifically, the current study makes six contributions 
to the psychometric literature on the REBS. First, we used exploratory structural equa
tion modeling (ESEM) to overcome problems with inflated latent factor correlations 
and poor discriminant validity (Marsh et al., 2014). Second, bifactor modeling was used 
to simultaneously conceptualize the behavioral regulations as unidimensional (quantity 
of self-determination) and multidimensional (motivation quality), which is in line with 
contemporary views of motivation grounded in SDT (e.g., Gunnell & Gaudreau, 2015; 
Howard, Gagné, & Morin, 2020; Howard et al., 2018; Stenling et al., 2018). Although most 
previous applications of bifactor models on SDT-based measures of motivation have used 
a symmetrical bifactor ESEM (i.e., one specific factor per subscale), there are several 
unresolved issues related to the symmetrical bifactor ESEM (Bureau et al., 2023). The 
global factor in the symmetrical bifactor ESEM represents what is common among the 
items, whereas the specific factors represent what is uniquely common to a group of 
items (Howard et al., 2018). This separation of what is common and specific, however, 
does not clarify what conceptual information will be assigned to the global and specific 
factors. Hence, the interpretation of the global and specific factors may differ between 
studies depending on for example the measures used, and the types of motivation 
assessed. Additional concerns have been raised related to the meaning of the specific 
factors, particularly in cases where they display low validity (e.g., factor loadings close 
to zero), and the conceptualization of the specific factor of intrinsic motivation and the 
global factor of self-determination when they are orthogonal (i.e., assumed to measure 
distinct properties; Bureau et al., 2023). Given that intrinsic motivation is considered a 
prototypical illustration of self-determination (Ryan & Deci, 2017), estimating intrinsic 
motivation as orthogonal from self-determination results in uncertainty regarding the 
conceptualization of either factor (Bureau et al., 2023).

An alternative that could remedy some of the concerns with the symmetrical bifactor 
ESEM is to specify a bifactor S-1 model (Burns et al., 2020; Eid et al., 2017; Heinrich et 
al., 2020). The bifactor S-1 model seems particularly suited to situations when items are 
expected to contribute asymmetrically to the global factor, which is the case for items 
in SDT-based measures of motivation (ranging from amotivation to intrinsic motivation; 
Bureau et al., 2023). The S-1 part indicates that one of the specific factors is used as an 
anchor for the global factor, and that items of that specific factor is only predicted by 
the global factor and not by a specific factor. Recently, Bureau et al. (2023) proposed 
that anchoring the global factor of self-determination in intrinsic motivation would be 
more coherent with SDT than specifying these two factors as orthogonal, given that 
intrinsic motivation is prototypical of self-determination (Ryan & Deci, 2017). A bifactor 
S-1 model with the global factor anchored in intrinsic motivation would not have a 
specific factor for intrinsic motivation items (i.e., intrinsic motivation items are only 
predicted by the global factor). This, in turn, implies that the global factor conceptually 
draws its meaning most from the intrinsic motivation items, and in a decreasing fashion 
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from the other items on the continuum. Hence, this results in a global factor that 
captures the highest possible amount of self-determination. The specific factors are all 
orthogonal to the global factor of self-determination and can therefore be interpreted as 
what is common to their indicators but is unrelated to self-determination (i.e., purely 
non-self-determined facets of these extrinsic motivations). A bifactor S-1 model can 
thus overcome shortcomings of the symmetrical bifactor model because it clarifies the 
meaning of both the global and specific factors and it can also enhance the precision 
when predicting outcomes (cf. Bureau et al., 2023). Therefore, we focused on the bifactor 
S-1 model in the current study.

Third, we examined the continuum hypothesis with bifactor modeling by examining 
the shift in magnitude and sign of the factor loadings on the global factor along the 
SDT continuum (cf. Chemolli & Gagné, 2014; Howard, Gagné, & Morin, 2020; Howard 
et al., 2018; Howard, Gagné, Van den Broeck, et al., 2020; Litalien et al., 2017; Stenling 
et al., 2018). Fourth, we extended the diversity of populations where the psychometric 
properties of the REBS are evaluated by examining the structural validity in a representa
tive sample of middle-aged women in New Zealand. Fifth, we examined criterion-related 
validity by examining relations between the global and specific motivation factors, food 
habits, binge eating, and body mass index (BMI). Based on previous findings (e.g., Leong 
et al., 2012; Pelletier et al., 2004; Verstuyf et al., 2012), we expected the global factor 
of self-determination to be related to healthier food habits (more servings of fruits and 
vegetables, lower intake of high fat and high sugar foods), lower frequency of binge 
eating, and lower BMI. The more autonomous specific motivation factors were expected 
to be related to healthier food habits, lower frequency of binge eating, and lower BMI, 
whereas the more controlled specific motivation factors were expected to be related to 
less healthy food habits, higher frequency of binge eating, and higher BMI. Finally, we 
examined longitudinal measurement invariance of the REBS across 5 years to ensure that 
the same latent construct was measured in the same metric at each time point (Widaman 
et al., 2010). No previous study has examined longitudinal measurement invariance of the 
REBS or similar instruments, such as the Motivation for Healthy Eating Scale (Kato et al., 
2013; Román et al., 2021).

Method

Study Design and Participants
The present study is based on secondary analysis of data from the longitudinal study 
‘Weight Control Practices and Regulation of Eating Behaviours in New Zealand Women’. 
A description of the population, sampling procedure, mail survey procedures, exclusion 
criteria, and use of incentives for the study have been described previously (Leong et al., 
2012). In brief, a random sample of 2500 women aged 40–50 years were selected from the 
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nationwide New Zealand General and Māori electoral rolls in May 2009. This age group 
was chosen for its high risk for weight gain and high prevalence of obesity (Ball et al., 
2003). A 66% response rate was achieved with 1601 women returning completed analyza
ble questionnaire booklets. Women were representative of the New Zealand population 
in terms of socioeconomic status and percentage identifying as Māori (Leong et al., 2011). 
Ethical approval for the study was obtained from the University of Otago Human Ethics 
Committee (reference nr. 08/103) and the project was also approved by The Ngāi Tahu 
Research Consultation Committee. Participants were informed that by completing and 
returning the questionnaire they were giving their consent to take part in the study.

In the current study we included those who provided responses to the REBS at Wave 
1 in 2009 (n = 1447) and 5 years later at Wave 2 in 2014 (n = 803; see Table 1). The 
participants age ranged from 40 to 51 years (M = 45.4, SD = 3.2) at Wave 1 and 45 to 
56 years (M = 50.5, SD = 3.2) at Wave 2. A majority of the sample was of New Zealand 
European ethnicity (≈ 67%) and were classified as being of medium socioeconomic status 
(≈ 66%) according to the New Zealand socioeconomic index 1996 (Statistics New Zealand, 
2001).

Table 1

Demographic Characteristics of the Full Sample, Those Responding Only at Wave 1, and Those Responding at Wave 
1 and 2

Variable

n (%)

Full Sample Wave 1 Wave 1 only Wave 1 & Wave 2

Primary Ethnicity
New Zealand European 962 (66.8) 392 (59.7) 570 (71.0)

Other 191 (13.3) 96 (14.6) 95 (11.8)

Maori 163 (11.3) 85 (12.9) 78 (9.7)

Asian 82 (5.7) 46 (7.0) 36 (4.5)

Pacific Island 43 (3.0) 21 (3.2) 22 (2.7)

Total n 1441 640 801

Socioeconomic statusa

Low (10–29) 211 (14.6) 113 (17.2) 98 (12.2)

Medium (30–59) 957 (66.3) 428 (65.1) 529 (65.9)

High (60–90) 275 (19.1) 100 (15.2) 175 (21.8)

Total n 1443 641 802

BMI category
Underweight (< 18.5) 25 (1.8) 11 (1.7) 14 (1.7)

Healthy weight (18.5–24.9) 667 (48.5) 285 (43.4) 382 (47.6)

Overweight (25.0–29.9) 402 (29.2) 174 (26.5) 228 (28.4)

Obese (≥ 30.0) 282 (20.5) 125 (19.0) 157 (19.6)

Total n 1376 595 781
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Variable

n (%)

Full Sample Wave 1 Wave 1 only Wave 1 & Wave 2

Highest level of education attained
Primary and/or some secondary school 445 (30.9) 219 (33.3) 226 (28.1)

Completed secondary school 138 (9.6) 67 (10.2) 71 (8.8)

Technical/trade school/polytechnic 398 (27.7) 169 (25.7) 229 (28.5)

University 458 (31.8) 183 (27.9) 275 (34.2)

Total n 1439 638 801

Note. BMI = body mass index.
aSocioeconomic status was based on the New Zealand Socioeconomic Index 1996, with 10 representing the 
lowest and 90 representing the highest socioeconomic groups. This is based on a standard New Zealand 
classification of occupations (Statistics New Zealand, 2001).

Measures
Regulation of Eating Behavior Scale

Regulation of eating behaviors was assessed using the 24-item Regulation of Eating 
Behavior Scale (REBS; Pelletier et al., 2004). The scale consists of six 4-item subscales 
(see Table S1 in the Supplementary Materials) that measure the behavioral regulations 
as proposed by SDT: amotivation, external regulation, introjected regulation, identified 
regulation, integrated regulation, and intrinsic motivation. Items were prefaced by the 
stem “I eat the way I do” and rated on a seven-point Likert scale, ranging from 1 (does not 
correspond at all) to 7 (corresponds exactly).

Food Habits

Participants used a five-point scale ranging from 1 (I don’t eat fruit) to 5 (three or more 
servings) to indicate the number of servings of fruits they usually consumed each day, 
and a six-point scale ranging from 1 (I don’t eat vegetables) to 6 (four or more servings) 
to indicate the number of servings of vegetables they usually consumed each day. They 
also reported the usual frequency of intake of several high fat and/or high sugar foods 
including chocolate coated and/or cream filled biscuits; potato crisps, corn snacks or corn 
chips; cakes or scones or muffins or sweet buns; meat pie or sausage roll; and burgers. 
Respondents used an eight-point scale, ranging from 1 (never) to 8 (two or more times a 
day), to estimate how often they usually consumed these foods. These questions were 
adapted from the 1997 National Nutrition Survey (Russell et al., 1999). In the present 
study, two composite scores were generated: a fruits and vegetables score (recoded into 
servings per day), and a high fat and/or high sugar foods score (recoded into servings per 
month). The recoded fruit and vegetable score had a possible range of zero (zero servings 
of fruits or vegetables per day) to seven (seven or more servings of fruits and vegetables per 
day). The recoded high fat and/or high sugar foods score had a possible range of 0 (zero 
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servings of high fat and/or high sugar foods per month) to 300 (300 servings of high fat 
and/or high sugar foods per month).

Binge Eating

A question regarding binge eating, adapted from Hay et al. (2008), was used to measure 
how frequently participants had engaged in binge eating over the last 12 months. Binge 
eating was defined as ‘eating an unusually large amount of food in one go and at the time 
feeling that your eating was out of control, that is not being able to prevent from overeating, 
or that you could not stop eating once you had started’. Participants used a four-point scale 
defined as 1 (not at all), 2 (less than weekly), 3 (once a week), and 4 (two or more times a 
week) to indicate the answer that best described them.

Body Mass Index (BMI)

Self-reported current weight and height was collected and used to calculate the body 
mass index (i.e., kg/m2) of the participants.

Statistical Analysis
We used Mplus Version 8.6 (Muthén & Muthén, 1998–2017) and the robust full informa
tion maximum likelihood (FIML) estimator (MLR in Mplus) to estimate the models. FIML 
(Enders, 2010) was used to account for item-level missing data (range 0% to 1.04%). In the 
ICM-CFA model, six first-order factors were specified, and items loaded only onto their 
target factor. The bifactor S-1 (Eid et al., 2017) ICM-CFA was specified with a general 
self-determination factor anchored in intrinsic motivation alongside five specific factors 
representing the remaining behavioral regulations. No cross-loadings were specified in 
the ICM-CFA or the bifactor S-1 ICM-CFA.

We used target rotation (Browne, 2001) in the ESEM that allows for the specification 
of factor loadings on target and non-target latent factors in a confirmatory manner 
(Asparouhov & Muthén, 2009). All cross-loadings were specified to be close to zero but 
not exactly zero, whereas the main factor loadings were freely estimated (Morin et al., 
2016). The bifactor S-1 ESEM was specified with a general self-determination factor 
anchored in intrinsic motivation alongside five specific factors representing the remain
ing behavioral regulations (Bureau et al., 2023). To ensure interpretability and adhering 
to bifactor assumptions the specific and general factors were specified as orthogonal 
(Morin et al., 2020; Reise, 2012). For illustrative purposes, we also estimated symmetrical 
bifactor ESEM and the results are presented in the Supplementary Materials. Another 
option is to specify Set-ESEM models, where cross-loadings are permissible within a 
subset of factors but constrained to zero for factors in different sets (Marsh et al., 2020). 
Set-ESEM is considered as a parsimonious alternative to Full-ESEM, particularly if there 
are constructs in the model that should be kept separate. However, we consider the 
Full-ESEM to be more appropriate than Set-ESEM for SDT-based measures of motivation 
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due to the additional information provided by the pattern of cross-loadings across the 
entire motivation continuum (cf. Guay et al., 2015). Thus, we specified Full-ESEM in 
the current study. The ICM-CFA, ESEM, and bifactor models are shown in Figure 2 and 
Figure 3. Mplus syntax for all models are provided in the Supplementary Materials.

Model fit was evaluated with fit indices such as the comparative fit index (CFI), 
the Tucker-Lewis index (TLI), the standardized root mean square residual (SRMR), and 
the root mean square error of approximation (RMSEA). CFI and TLI values around 
0.90 and SRMR and RMSEA values around 0.08 indicated acceptable model fit (Marsh, 
2007). Comparisons between the ICM-CFA and ESEM were based on ΔCFI, ΔTLI, and 
ΔRMSEA (Chen, 2007). A difference in CFI and TLI of .01 or larger and RMSEA of .015 
or larger indicates a substantial difference in model fit and favor the model with higher 
CFI and TLI and lower RMSEA (Maïano et al., 2021). We also carefully inspected the 
parameter estimates (i.e., factor loadings, cross-loadings, latent factor correlations, omega 
coefficients) in the model selection process (Morin et al., 2016).

Figure 2

Graphical Representation of the ICM-CFA (Left) and Bifactor S-1 ICM-CFA (Right)
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Figure 3

Graphical Representation of the ESEM (Left) and Bifactor S-1 ESEM (Right)

Note. Dashed arrows represent cross-loading.

Following recommendations in the literature (Marsh et al., 2014; Morin et al., 2016) we 
first compared the first-order ICM-CFA to the first-order ESEM. Reduced factor correla
tions and relatively well-defined factors would support the ESEM over the ICM-CFA. 
The retained model is then contrasted to its bifactor counterpart. The orthogonality of 
the factors in the bifactor model provides a clean partitioning of the variance that is 
explained by the global factor, which absorbs the covariance shared among all items, and 
the specific factors that represents the covariance shared among a subset of items that is 
not shared with the other subsets (Morin et al., 2020). In the bifactor S-1 model the global 
self-determination factor was anchored in intrinsic motivation and thus represents the 
highest possible amount of self-determination, whereas the orthogonal specific factors 
can be interpreted as non-self-determined facets of these extrinsic motivations.

Criterion-related validity was examined by integrating the food and eating habit var
iables into the final retained measurement model. More specifically, we regressed food 
habits, binge eating, and BMI on the global and specific factors. Standardized regression 
coefficients and percentage of explained variance (R 2) in food habits, binge eating, and 
BMI were examined.

The final model at Wave 1 was subjected to longitudinal measurement invariance 
testing using nested model comparisons for continuous variables (Little, 2013). We exam
ined three types of longitudinal invariance: (i) configural invariance; (ii) metric/weak 
invariance (invariance of factor loadings); (iii) scalar/strong invariance (invariance of 
factor loadings and intercepts). We performed nested model comparisons using the ΔCFI, 
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ΔTLI, and ΔRMSEA (Chen, 2007; Morin et al., 2020). A difference in CFI and TLI of .01 
or larger and RMSEA of .015 or larger would indicate measurement noninvariance. Note 
that we also report the chi-square values and the chi-square difference tests for reasons 
of transparency, however, we do not include these in the interpretation of the models 
or model comparisons due to their sample size dependency and oversensitivity to minor 
and substantively unimportant misspecifications (Marsh et al., 2005).

Following current recommendations in the literature regarding reliability estimation 
in ESEM and bifactor ESEM (Morin et al., 2020), we computed omega reliability coef
ficients according to McDonald (1970) ω = (Σ|λi|)2/([Σ|λi|2]+ Σδii) using standardized 
parameters where λi are the factor loadings and δii are the error variances. Cross-load
ings were ignored in the calculation of ω because they do not reflect properties of 
scores on the construct, nor do they reflect random measurement error. They are merely 
incorporated into the ESEM to control for the fallible nature of indicators (Morin et al., 
2020).

Results

Factor Structure of the REBS
The ESEM displayed an excellent model fit at Wave 1, and the model fit comparison 
indicated a superior model fit (ΔCFI = 0.101, ΔTLI = 0.095, ΔRMSEA = 0.030) of the ESEM 
compared to the ICM-CFA (Table 2). The bifactor S-1 ESEM showed an excellent fit to the 
data, whereas the bifactor S-1 ICM-CFA had poor model fit (ΔCFI = 0.137, ΔTLI = 0.141, 
ΔRMSEA = 0.040).

The standardized factor loadings in the ICM-CFA ranged from 0.421 to 0.922 
(M = 0.750). In the ESEM model the standardized factor loadings ranged from 0.115 
to 1.017 (M = 0.643; see Table 3), however, the ESEM also revealed one out-of-bound 
factor loading (> 1.0). Omega coefficients ranged from 0.707 to 0.861 (M = 0.778) in the 
ICM-CFA and ranged from 0.709 to 0.856 (M = 0.772) in the ESEM across the six factors. 
Omega coefficients for all subdimensions in the ICM-CFA and ESEM are reported in 
Table 3.
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The latent factor correlations (Table 4) ranged from -0.353 to 0.915 (M = 0.279) in the 
ICM-CFA and several correlations were strong (r > 0.70), which indicates a need to 
account for possible sources of construct-relevant psychometric multidimensionality at 
the item level via cross-loadings and/or a global factor (Morin et al., 2016). The latent 
factor correlations were substantially reduced in the ESEM (M = 0.233, range -0.368 
to 0.692). We also observed overlap between some factors in the ESEM, indicated by 
weak target factor loadings and substantial cross-loadings (items IJ3, IJ4, ID1, ID2, and 
IM3). However, most cross-loadings in the ESEM were relatively weak (< 0.30), with 
the exception of ID1 (0.465), ID2 (0.341), and IM3 (0.398), with cross-loadings onto the 
integrated regulation factor (see Table 3). These results support the superiority of the 
ESEM representation of the REBS compared to the ICM-CFA representation. However, 
the out-of-bound parameter and cross-loadings associated with the ESEM suggests that it 
might not be optimal and highlights a need to consider alternative models.

Table 4

Latent Factor Correlations From the ICM-CFA and ESEM at Wave 1

Variable AM EX IJ ID IG IM

ICM-CFA
AM

EX 0.670

IJ 0.382 0.627

ID -0.251 0.045 0.390

IG -0.353 -0.085 0.211 0.915

IM -0.210 0.021 0.210 0.807 0.799

ESEM
AM

EX 0.564

IJ 0.245 0.534

ID -0.168 0.147 0.389

IG -0.368 0.031 0.228 0.606

IM -0.276 0.091 0.221 0.565 0.692

Note. AM = amotivation; EX = external regulation; IJ = introjected regulation; ID = identified regulation; IG = 
integrated regulation; IM = intrinsic motivation.

The bifactor S-1 ESEM solution provided an excellent fit to the data (Table 2). Inspection 
of the factor loadings (see Table 5) of the bifactor S-1 ESEM revealed a relatively well-de
fined global factor representing self-determination. The factor loadings onto the global 
factor were strong and positive for intrinsic motivation items (M = 0.819, range 0.779 to 
0.850), integrated regulation items (M = 0.768, range 0.677 to 0.832), identified regulation 
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items (M = 0.665, range 0.544 to 0.803), weaker for introjected regulation items (M = 
0.191, range 0.085 to 0.361), weak and near-zero for external regulation items (M = 0.042, 
range -0.027 to 0.253), and negative for the amotivation items (M = -0.207, range -0.182 to 
-0.252).

Table 5

Factor Loadings, Uniquenesses, and Omega Reliability of the Bifactor S-1 ESEM Model at Wave 1 (N = 1447)

Item AM EX IJ ID IG G δ

AM1 0.575 0.199 0.117 0.004 -0.101 -0.195 0.567

AM2 0.711 0.216 0.130 -0.012 -0.046 -0.252 0.365

AM3 0.683 0.264 0.138 0.047 -0.041 -0.200 0.401

AM4 0.724 0.241 0.147 0.014 0.040 -0.182 0.362

EX1 0.143 0.381 0.139 0.016 -0.039 0.253 0.749

EX2 0.327 0.626 0.310 -0.012 -0.030 -0.027 0.402

EX3 0.209 0.697 0.218 0.031 -0.012 0.043 0.420

EX4 0.358 0.607 0.110 0.007 -0.015 -0.100 0.481

IJ1 0.205 0.175 0.663 0.017 0.024 0.131 0.470

IJ2 0.098 0.124 0.847 0.081 -0.058 0.186 0.213

IJ3 0.088 0.299 0.406 0.109 0.063 0.361 0.591

IJ4 0.297 0.346 0.358 0.114 -0.011 0.085 0.644

ID1 -0.122 0.028 0.024 0.033 0.217 0.803 0.290

ID2 -0.041 0.048 0.175 0.118 0.194 0.544 0.618

ID3 0.038 0.045 0.118 0.566 0.038 0.619 0.277

ID4 0.039 -0.013 0.131 0.582 0.057 0.694 0.157

IG1 -0.115 -0.056 -0.035 -0.096 0.362 0.771 0.248

IG2 -0.089 -0.036 -0.011 0.065 0.369 0.832 0.157

IG3 -0.007 -0.026 0.041 0.136 0.311 0.677 0.424

IG4 -0.037 -0.026 -0.020 0.153 0.349 0.792 0.225

IM1 0.052 -0.003 -0.099 -0.216 -0.077 0.825 0.254

IM2 0.066 0.024 -0.066 -0.184 -0.295 0.822 0.195

IM3 -0.007 0.031 0.033 0.094 0.174 0.779 0.353

IM4 0.085 0.012 -0.069 0.001 -0.249 0.850 0.204

Reliability (ω) 0.761 0.693 0.703 0.659 0.725 0.668

Note. AM = amotivation; EX = external regulation; IJ = introjected regulation; ID = identified regulation; IG = 
integrated regulation; IM = intrinsic motivation; G = global self-determination factor; δ = uniquenesses, ω = 
omega reliability. Bold values represent target factor loadings.

The specific factors in the bifactor S-1 ESEM also showed factor loadings largely in 
line with their placement on the continuum. Amotivation, external regulation, and intro
jected regulation represents no to low levels of self-determination and should therefore 
contribute less to the global factor and more to their specific factors. The specific 
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amotivation (M = 0.673, range 0.575 to 0.724), external regulation (M = 0.578, range 0.381 
to 0.697), and introjected regulation (M = 0.569, range 0.358 to 0.847) factors remained 
relatively well-defined with medium to strong and positive factor loadings. Identified and 
integrated regulation, which are autonomous regulations, should contribute more to the 
global factor of self-determination and less to their specific factors, which represents the 
non-self-determined part of these regulations. The specific identified regulation factor 
had two items with weak factor loadings (ID1 and ID2) and the mean factor loading (M 
= 0.325, range 0.033 to 0.582) was the weakest of the five specific factors. The integrated 
regulation factor had positive and moderate factor loadings (M = 0.348, range 0.311 to 
0.369). Omega coefficients from the bifactor S-1 ESEM at Wave 1 ranged from 0.659 to 
0.761 (M = 0.701). Omega coefficients for all subdimensions in the bifactor S-1 ESEM are 
reported in Table 5.

Criterion-Related Validity
We assessed criterion-related validity of the global and specific factors based on the 
final retained bifactor S-1 ESEM solution. Model fit of the structural model is displayed 
in Table 2 and the results (standardized coefficients and R 2) are presented in Table 6. 
As expected, the global self-determination factor was positively related to healthy food 
habits (i.e., servings of fruits and vegetables), and negatively related to unhealthy food 
habits (i.e., servings of high fat and high sugar foods), binge eating, and BMI.

Table 6

Tests of Criterion-Related Validity of the Global and Specific Factors

Predictor variable

β (SE)

Fruit/vegetables Fat/sugar Binge eating BMI

Global self-determination 0.336 (0.025)*** -0.184 (0.029)*** -0.149 (0.030)*** -0.273 (0.026)***

Specific integrated regulation 0.158 (0.031)** -0.072 (0.029)** -0.095 (0.032)** -0.281 (0.027)***

Specific identified regulation -0.090 (0.032)** 0.061 (0.031)* 0.094 (0.028)*** 0.105 (0.030)***

Specific introjected regulation -0.077 (0.030)** -0.002 (0.034) 0.188 (0.029)*** -0.003 (0.030)

Specific external regulation -0.039 (0.037) 0.036 (0.039) 0.161 (0.040)*** 0.153 (0.033)***

Specific amotivation -0.086 (0.032)** 0.049 (0.034) 0.157 (0.035)*** 0.109 (0.038)**

R 2 0.161 0.047 0.126 0.200

Note. β = standardized regression coefficient; SE = standard error; R 2 = proportion of explained variance.
*p < .05. **p < .01. ***p < .001.

The specific motivation factors also contributed with explaining unique variance in addi
tion to the global self-determination factor. Integrated regulation was positively related 
to healthy food habits and negatively related to unhealthy food habits, binge eating, and 
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BMI. Identified regulation was negatively related to healthy food habits, and positively 
related to unhealthy food habits, binge eating, and BMI. Introjected regulation was 
negatively related to healthy food habits and positively related to binge eating. External 
regulation and amotivation were positively related to binge eating and BMI, and amoti
vation was also negatively related to healthy food habits. The global self-determination 
factor and the specific motivation factors explained 4.7% to 20.0% of the variance in the 
eating-related outcome variables. These relations aligned relatively well with theoretical 
expectations (except for identified regulation). In particular, the global self-determination 
factor showed a consistent pattern of relations in line with SDT.

Longitudinal Measurement Invariance
We proceeded with longitudinal measurement invariance testing of the bifactor S-1 
ESEM. The goodness-of-fit indices were fully satisfactory at each stage and none of the 
goodness-of-fit indices indicated a substantial decrease when constraints were placed on 
the factor loadings or intercepts (Table 2). Thus, longitudinal measurement invariance of 
the bifactor S-1 ESEM of the REBS was supported (factor loadings from the configural 
model are displayed in Table S4 in the Supplementary Materials).

Discussion
In the current study, we examined the psychometric properties of the REBS in a sample 
of middle-aged women in New Zealand. The bifactor S-1 ESEM solution provided an 
excellent fit to the data and the global self-determination factor anchored in intrinsic 
motivation provided a clear meaning of both the global self-determination factor and 
the specific motivation factors. Whereas the global self-determination factor represents 
the highest possible amount of self-determination, the orthogonal specific factors can be 
interpreted as what is common to their indicators but is unrelated to self-determination 
(i.e., non-self-determined facets of these extrinsic motivations; Bureau et al., 2023). For 
amotivation, which is not an extrinsic type of motivation, it is the variance attributed 
to indifference or apathy, which is indicated by negative factor loadings on the global 
factor.

The bifactor S-1 ESEM resolves many of the concerns highlighted with the symmetri
cal bifactor ESEM because it provides clearer conceptual boundaries for the global and 
specific factors and previous studies indicate that the bifactor S-1 ESEM can predict out
comes with better precision (Bureau et al., 2023). The factor loadings on the global factor 
support the presence of a continuum structure; however, it did not completely conform 
to a relative self-determination continuum. The factor loadings for introjected regulation 
and external regulation items were not in agreement with assumptions in previous SDT-
based research of what has been described as a relative self-determination continuum 
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(Chemolli & Gagné, 2014; Grolnick & Ryan, 1987; Howard et al., 2018). Introjected regu
lation and external regulation items should load negatively onto the continuum factor 
to support a relative self-determination continuum. In the current study, the introjected 
regulation items had weak positive loadings and the external regulation items had weak 
positive and negative factor loadings onto the global factor. However, the factor loadings 
on the global self-determination factor anchored in intrinsic motivation aligned well with 
the conceptualization of a global factor representing amount of self-determination. The 
intrinsic motivation items made the largest contribution to the meaning of the global 
factor (i.e., they had the strongest factor loadings), with a decreasing contribution from 
the other items on the continuum in line with their factor loading on the global factor 
(Bureau et al., 2023). The strongest average factor loading was observed for the intrinsic 
motivation factor, followed by the other behavioral regulations in decreasing magnitude 
along the continuum. To summarize, our results align well with the conceptualization 
of a global factor representing level of self-determination and the bifactor S-1 model is 
more in line with the idea that the global factor (when anchored in intrinsic motivation) 
represents general quantity of self-determination rather than relative self-determination 
(cf. Bureau et al., 2023; Gunnell & Gaudreau, 2015; Howard, Gagné, Van den Broeck, et 
al., 2020).

We also examined criterion-related validity by regressing measures of food habits, 
binge eating, and BMI on the global and specific motivation factors. The global self-de
termination factor showed a consistent pattern of relations in line with SDT, indicating 
that higher self-determination is related to healthier food habits, lower frequency of 
binge eating, and lower BMI. This finding is in line with previous studies in other 
settings (e.g., educational, work) using the bifactor ESEM framework showing that rela
tions between global self-determination and various outcomes often are theoretically 
consistent and relatively strong (Howard et al., 2018; Litalien et al., 2017; Lohbeck et al., 
2022).

When examining the pattern of relations involving the specific factors, we were 
able to provide a more fine-grained picture of how these specific factors associate with 
eating-related outcomes. Integrated regulation showed positive relations to healthier 
food habits, less binge eating, and lower BMI. We also noted different patterns of associ
ations between the controlled types of motivation and these eating-related outcomes. 
For example, introjected regulation was negatively related to healthy food habits and 
positively related to frequency of binge eating, whereas external regulation was related 
to higher frequency of binge eating and higher BMI. Thus, introjected regulation was 
associated with both food choice and eating behavior, whereas external regulation was 
related to eating behavior but not to food choice. Our results also showed that introjected 
regulation, external regulation, and amotivation were positively related to frequency 
of binge eating, suggesting the controlled types of motivation might be more strongly 
related to certain types of unhealthy eating behaviors, rather than food choice. Finally, 
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identified regulation showed negative relations to healthy food habits and positive rela
tions to binge eating and BMI. Unexpected patterns involving identified regulation have 
been observed in previous studies using the bifactor ESEM framework, for example in 
work settings showing negative relations to need satisfaction (Howard et al., 2018). These 
findings indicate that the specific regulations do not necessarily associate with other var
iables in a manner consistent with their position on the continuum. The specific factors 
in the bifactor S-1 model represent non-self-determined facets of extrinsic motivation 
(once global self-determination anchored in intrinsic motivation is taken into account) 
and may therefore display differential patterns of relations to outcomes.

The current study is also the first study to provide evidence of longitudinal meas
urement invariance of the REBS, which indicates that the same latent construct was 
measured in the same metric at each time point (Widaman et al., 2010). These results 
are encouraging and enable researchers to examine change, interrelations between vari
ables, or make mean comparisons across different time points with a high degree of 
certainty that observed changes represent true changes in the latent constructs and not 
measurement bias. If longitudinal measurement invariance is not achieved, observed 
changes over time may be a consequence of recalibration of the metric or a redefinition 
or reconceptualization of the latent construct, sometimes referred to as beta and gamma 
change (Golembiewski et al., 1976; Millsap & Hartog, 1988), respectively. In other words, 
without satisfying longitudinal measurement invariance constraints, there is a high risk 
that researchers are comparing apples and oranges across time, instead of true changes 
in the latent construct. It is therefore encouraging that the accumulating evidence of 
the psychometric properties of the REBS now also includes a solid base for conducting 
longitudinal research.

Our findings also extend previous research by showing support for the structural 
validity of the REBS in a representative sample of middle-aged women. Previous research 
has provided psychometric evidence of the REBS in Canadian and US student samples 
(Hamilton et al., 2018; Pelletier et al., 2004) and a relatively young adult Portuguese 
sample (Teixeira et al., 2021), however, this is the first study providing evidence of struc
tural validity in a middle-aged sample. Given that these previous studies only examined 
REBS using first-order ICM-CFA models, we cannot compare our results related to the 
ESEM and bifactor models. However, the magnitude of some factor correlations in these 
previous studies were around 0.90, which indicates poor discriminant validity among 
some of the behavioral regulations and signals that ESEM and bifactor models would 
have been viable options in these previous studies as well.

Limitations and Suggestions for Future Research
First, although the current study included a relatively large and representative sample it 
only included middle-aged women, hence, we do not know how these results generalize 
to younger or older people or to men. Second, we examined criterion-related validity in a 
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rather narrow set of eating-related variables assessing food habits, binge eating, and BMI. 
Future studies should continue to explore the nomological network (Cronbach & Meehl, 
1955) around the global and specific factors to expand our knowledge about the role of 
quantity and quality of motivation in relation to eating behaviors.

Future research should continue to explore the psychometric properties of the REBS 
in diverse samples. The psychometric properties of the REBS have to date only been 
examined in four studies (Hamilton et al., 2018; Pelletier et al., 2004; Teixeira et al., 2021) 
including the current study, thus more studies are needed to determine the generalizabil
ity of the factor structure of the REBS. The results from the current study showed a 
relatively high overlap between identified regulation, integrated regulation, and intrinsic 
motivation. Future studies should examine how these factors can be adapted or altered 
to become more distinct. Additional research is also needed on the application of the 
bifactor S-1 model to REBS and other SDT-based measures of motivation, however, we 
agree with Bureau et al. (2023) that it has many advantageous and compelling features 
for modeling the self-determination continuum.

Conclusions
We found evidence of structural validity, criterion-related validity, longitudinal measure
ment invariance, and satisfactory reliability estimates of the REBS. The bifactor S-1 
ESEM approach used in the current study separates what is common and what is specific 
across the eating behavioral regulations, provides clear conceptual boundaries for the 
global and specific factors, and provides increased conceptual accuracy in the estimation 
of the self-determination continuum (Bureau et al., 2023). However, it is important to 
highlight that although the evidence is mounting in support of bifactor and ESEM 
solutions when modeling SDT-based measures of motivation, it may not be suitable for 
all research questions involving the REBS. Other statistical models (e.g., ICM-CFA, item 
response theory [IRT] models) might be more appropriate, for example due to various 
constraints (e.g., small sample size) or because they align better with the research ques
tion. We encourage researchers to continue to explore these complex multidimensional 
models in future studies, and we agree with Howard, Gagné, Van den Broeck, et al. (2020) 
that they will be necessary for the future theoretical development of SDT.
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