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Objective: Since there is no scientifically validated German version of the
Behavioral Regulation in Exercise Questionnaire (BREQ-3), the aim of this
study was to assess its psychometric parameters and invariance across sex
in a sample of German-speaking young adults. The BREQ-3 is an instrument
measuring the social and internal influences of motivation toward exercising.
This tool is widespread within the scientific community and has been validated
in several languages.

Methods: A total of 271 participants (45% women; mean age = 20.67 £+ 2.17
years; effect size > 0.5) filled in the BREQ-3 at one time point, with a small sub-
sample (n = 37) responding it a second time after 15 days. Confirmatory Factorial
Analysis, Structural Modeling, and Intraclass Correlation Coefficient were used to
examine the German version of the questionnaire.

Results: Results highlighted a good fit of the six-dimensional model after the
removal of two items (CFl = 0.912; SRMR = 0.0594; RMSEA = 0.064), as well as
full invariance across sex (p,» = 0.218; ACFI < 0.01). Internal consistency and
reliability were moderate to good.

Conclusions: The 22-item German BREQ-3 is a scientifically valid instrument
that can be used in cross-national studies dealing with social aspects of
exercise behaviors.
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1 Introduction

Motivation is one of the most prominent studied variables in human behavior and
behavioral change (Deci and Ryan, 1985). According to the Self-Determination Theory
(SDT; Deci and Ryan, 1985), motivation can be categorized in six different types along an
internalization continuum representing the level of autonomy with which an individual
will tend to carry out a behavior. One end of this continuum is represented by the most
autonomous motivation to act (intrinsic motivation), and the opposite end by a total
lack of drive (amotivation) (Center for Self-Determination Theory, 2022). Deci and Ryan
(1985) provide a thorough description of each type of motivation in the continuum:
the intrinsic one is the most internal one since it is activated by people’s inner interests
and enjoyment, and it is usually associated with the development of long-term habits;
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integrated motivation is the second most autonomy-guided type,
since behaviors are driven by an individual’s internal desire to
be self-aware; a further step away from autonomy is represented
by identified motivation, which describes behaviors as driven
by personal values that an individual attributes to them, rather
than enjoyment of carrying them out; introjected motivation is
a more controlled type that is guided by an individual’s need
of self-control, which may depend on external sources, such as,
for instance, fear of being judged by others; external motivation
is the most externally controlled type in the continuum, since
behaviors are regulated by fear of punishment for not carrying
them out or by potential external rewards (for instance, receiving
a gift for participating in an experiment); amotivation represents
the final ending of the continuum, and it describes a person’s
complete lack of willingness to carry out a behavior (Center for
Self-Determination Theory, 2022). Sport science is one among
different scientific areas that have widely studied the interaction
between motivation types and sources and behaviors, in particular
in understanding what drives individuals to choose an active or
sedentary lifestyle (Brandenbarg et al., 2023; Fang et al., 2023).
This may have important consequences not only on the short
term, but also on long-term health (Teixeira et al., 2012). Indeed,
better exercise experience is associated with the intrinsic types
of motivation (Liu et al., 2023). Other studies highlight that the
most autonomous end of the continuum (intrinsic and integrated
motivations) tend to have highly positive association with exercise-
related parameters, whereas this association becomes negative as
we move to the opposite end of the continuum (Durdn-Vinagre
et al., 2023; Fresno-Alba et al, 2023). For this reason, several
scientific tools have been developed and tested over time to
ensure a rigorous assessment of people’s motivation in relation
to sport and exercise (Plonczynski, 2000). In this sense, the
Behavioral Regulation in Exercise Questionnaire (BREQ), based on
the theoretical framework of SDT and developed by an exercise
motivation research team from Bangor University, has become one
of the most widely used instruments when the focus of research
is active behavior related to health in the general population, as
demonstrated by an extensive body of literature (e.g., Lev Arey
et al., 2022; Mikkelsen et al., 2022; Vancampfort et al., 2023). The
initial version of BREQ showed high levels of skewness for the
“amotivation” items, which led to the exclusion of said subdomain,
along with the “identified” one. However, Markland and Tobin
(2004) were able to add “amotivation” in the second version
of the instrument (BREQ-2), reporting good validity parameters.
The BREQ-2 has now been translated and validated in several
languages and has already been used successfully in scientific
research worldwide. Nonetheless, despite constituting a sounder
tool compared with the initial version, the BREQ-2 did not fully
represent the motivation continuum as described in the SDT since
it could not solve the issues with the “identified” subdomain. This
was later addressed by Wilson et al. (2006), who were able to
test a newer version of the questionnaire (BREQ-3) that included
an extra item for the “introjected” subdomain along with a 4-
item “identified” subdomain. The BREQ-3 reflects more accurately
the six-motivation structure proposed in SDT’s internalization
continuum. The third version of the BREQ is composed by 24
items equally distributed in 6 sub-domains: amotivation (I think
exercising is a waste of time); external regulation (I exercise because
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other people say I should); introjected regulation (I feel ashamed
when I miss an exercise session); identified regulation (I think it
is important to make the effort to exercise regularly); integrated
regulation (I exercise because it is consistent with my life goals);
and intrinsic regulation (I find exercise a pleasurable activity).
Responses are given on a Likert scale ranging from 0 (not true for
me) to 4 (very true for me). Average scores are used to establish
the levels of each motivational regulation. The questionnaire has
been validated in different languages, including Spanish (Gonzélez-
Cutre et al., 2010), Chinese (Luo et al., 2022), Italian (Cavicchiolo
et al,, 2022), Portuguese (Cid et al., 2018), or Malay (Chai et al.,
2022), and extensively implemented in latest research focused on
exercise and health (Chen et al, 2022; O’Loughlin et al., 2022;
Sanchez-Herrera et al., 2022; Durdn-Vinagre et al., 2023; Fresno-
Alba et al., 2023; Lock et al., 2023; Reyes-Molina et al., 2023; etc.).
A German version of the BREQ-3 translated by Rausch Osthoff
(2017) is currently available online. However, although the BREQ-2
has already been validated by Witzki and Leyk (2014), the German
version of BREQ-3 did not undergo any psychometric evaluation,
hence, it cannot be considered scientifically valid in its current state
and until a formal assessment of its psychometric parameters is
provided. Despite its strength, its diffusion among the scientific
community, and the fact that BREQ-3 allows to observe the entire
internalization continuum and associated motivational sources, the
lack of a scientifically validated version of the BREQ-3 in the
German language represents a gap that needs to be filled. Indeed,
providing a scientifically proven version of the German BREQ-3
would be an essential step not only for the research community
in German-speaking countries, but it would also allow using a
single, reliable tool in cross-national studies, with the possibility of
comparing results of different communities and countries, finding
common strategies for the promotion of active habits, as well as
tailoring interventions based on regional differences. Therefore, the
aim of this study was to test the validity of the German version
of BREQ-3 provided by Rausch Osthoff (2017) in a population of
young adults from Austria.

2 Materials and methods

2.1 Design

This is a validation study using quantitative, non-experimental
and cross-sectional approach.

2.2 Sample

For confirmatory factor analysis by means of structural
equation modeling, the minimum sample size necessary in order
to achieve a large effect size (0.5) and statistical power (0.8) with
a significance threshold set at 0.05 for a questionnaire composed
by six latent variables and 24 items is 100 respondents (Westland,
2010). Our initial sample consisted of 298 young adults recruited
from the population of first- and second-year bachelor students
at the researchers’ institution. Nonetheless, due to missing data
(n = 21) or typos in the data transcription (n = 6), the final
sample was composed by 271 respondents (122 women; mean
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age = 20.67 £ 2.17 years). For the reliability analysis, a smaller
sample of 36 participants (mean age = 23.64 £ 1.93 years)
responded to the questionnaire twice within 15 days (Streiner et al.,
2015).

Formal approval from the Ethical Committee of the Institution
had been previously provided. Signed informed consents were
collected from all participants before the start of the data
collection period.
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2.3 Instruments

The BREQ-3 (Markland and Tobin, 2004; Wilson et al., 2006)
is composed by 24 items distributed in six sub-domains (four items
per sub-domain), as described above. Compared to the BREQ-
2, this version includes an additional item in the “introjected
regulation” sub-domain (item 22: I would feel bad about myself if
I was not making time to exercise) and the “integrated regulation”
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sub-domain. Its translation to the German language was carried out
and published online by Rausch Osthoff (2017). Since this author’s
version was adapted for sports training, their translation was
maintained with the exception of the word “training,” which was
substituted with “exercise,” thus reintroducing the actual meaning
and focus by which the original BREQ-3 was created.

2.4 Data analysis

The questionnaire’s psychometric parameters were tested using
both IBM SPSS version 26 and IBM Amos version 22 software.
Cronbach’s Alpha and McDonald’s Omega were calculated for
the whole pool of items together and for each sub-domain
separately in order to assess internal consistency. According to
Hajjar (2018), internal consistency may be considered acceptable
for values between 0.60 and 0.80, and good for values above
0.80. Regarding the structural assessment of BREQ-3, Confirmatory
Factorial Analysis (CFA) with the Maximum Likelihood estimation
method was run setting standardized estimates, residual moments,
and modification indices as output for model fit evaluation
(Schermelleh-Engel et al., 2003). Cut-off values for items’ factor
loadings were set at 0.50, whilst loading at or above 0.40 are
considered sufficient (Fabrigar et al., 1999), whilst loading lower
than 0.30 should be discarded (Field, 2013). In order to allow
contrasting our parameters with those provided for the BREQ-3 in
other languages, model fit assessment was carried out by examining
the Comparative Fit Index (CFL; cut-off values at 0.90 or above); the
Standardized Root Mean Square Residual (SRMR; cut-off values at
0.08 or below); and the Root Mean Square Error of Approximation
(RMSEA; cut-off values at 0.08 or below) (Hu and Bentler, 1999;
Cid et al,, 2018). For poor model fit, the following criteria were
used for model modifications: items with factor loading lower than
0.50 (sufficient) or below 0.40 (poor); and standardized residual
covariances (SRC) between items, if higher than 2 (Fabrigar et al.,
1999; Collier, 2020). Additionally, correlations among items within
the same sub-scale and between each item and its sub-domain
were carried out by means of Pearson’s correlation analysis, with
a significance level set at 0.05 or lower. This was done to monitor
potential multicollinearity issues, with values above 0.70 considered
at risk (Dormann et al, 2013), and for ensuring that the items
and sub-scales correlated sufficiently and significantly, with item-
item and item-sub-scale correlations recommended to be higher
than 0.30 and higher than 0.50, respectively (Hajjar, 2018). Average
Variance Extracted (AVE) and Composite Reliability (CR) were
calculated for each dimension, as well. Recommended cut-off
points are set at 0.50 for AVE (Fornell and Larcker, 1981), and
at 0.70 for CR (Hair et al., 2014). These values have been used
for testing each sub-scale convergent validity; discriminant validity
is also established if the AVE of a sub-scale exceeds the squared
correlation between that sub-scale and the others (Cid et al., 2018;
Chai et al., 2022). Moreover, the Intraclass Correlation Coeflicient,
with a two-way mixed model and absolute agreement, was used
to examine test-retest reliability of the instrument. According
to Bobal et al. (2018), ICC values between 0.5 and 0.75 imply
moderate reliability, whilst reliability is considered good for values
between 0.75 and 0.9. Finally, configural and metric invariance
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TABLE 1 Internal consistency of the six sub-scales of the German
Behavioral Regulation in Exercise Questionnaire (BREQ-3) and for the
whole questionnaire.

Sub-scale Cronbach's McDonald’s
Alpha Omega
Amotivation (3 items) 0.602 0.607
External (4 items) 0.779 0.781
Introjected (3 items) 0.730 0.734
Identified (4 items) 0.652 0.662
Integrated (4 items) 0.880 0.884
Intrinsic (4 items) 0.839 0.842
BREQ-3 (22 items) 0.749 0.701

based on sex was examined by testing an unconstrained model’s fit
and successively comparing it with a model with factor loadings
constrained between males and females. As suggested by Putnick
and Bornstein (2016), invariance is confirmed if the difference of
Chi-square (x2) between the two models is not significant (p >
0.05), and the absolute value of the CFI differential (ACFI) is lower
than 0.01.

3 Results

The 24-item version of the German BREQ-3 showed several
issues during the first structural examination ( xz = 593.035; df =
237; CFI = 0.877; SRMR = 0.0844; RMSEA = 0.073). High SRCs
were found for the newly included item 22 (I would feel bad about
myself if I was not making time to exercise), as well as for items 16
(I feel like a failure when I haven’t exercised in a while), 8 (I can’t
see why I should bother exercising) and 7 (I value the benefits of
exercise). Items 7 and 8, along with item 13 (I think it is important
to make the effort to exercise regularly) had loading between 0.50
and 0.40, as well. The model was tested after the removal of each
of these items individually, and an improved fit was found with the
exclusion of item 22 (Xz =491.749; df = 215; CFI = 0.899; SRMR =
0.0632; RMSEA = 0.068). Nonetheless, the CFI was still below the
acceptable threshold. Additionally, items 7, 14 (I don’t see the point
in exercising), and 20 (I think exercising is a waste of time) had too
high SRCs. Loadings for items 7, 8, and 13 remained between 0.50
and 0.40. Again, the analysis of the structure was run after removing
each of these items individually. The model further improved with
the exclusion of item 14 (X2 = 418.741; df = 194; CFI = 0.912;
SRMR = 0.0594; RMSEA = 0.064), with all indexes indicating a
good fit. The obtained model is shown in Figure 1.

Items’ loadings in the final model ranged from 0.41 to 0.89.
The correlational analysis among items within the same sub-scale
delivered highly significant values (p < 0.001). No correlation
coefficient surpassed the threshold set for multicollinearity (0.70).
Item-sub-scale correlation coefficients ranged from 0.625 to 0.834
(p < 0.001). Internal consistency of the sub-scales is presented in
Table 1.

All sub-scales, as well as the BREQ-3 as a whole, obtained
acceptable (>0.60) to good (>0.80) levels of internal consistency
in the 22-item version presented above. Scores for AVE ranged
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from 0.51 to 0.74; for CR, values were between 0.76 and 0.91. The
summary of AVE and CR for each sub-scale are provided in Table 2
below, along with sub-scale square correlations.

Reliability was moderate for amotivation, external regulation,
introjected regulation, and identified regulation (ICC values
between 0.522 and 679), and good for integrated and intrinsic
regulation (ICC = 0.789 and 0.752, respectively). The questionnaire
as a whole showed good reliability (ICC = 0.773). A summary of the
psychometric properties of the final German BREQ-3 contrasted
with scores obtained in other translations is presented in Table 3.

Sex invariance was tested by comparing the unconstrained
22-item model (configural invariance) with the model with
constrained factor loadings (metric invariance). Both the model
for males (n = 149) and the one for females (n = 122) showed
parameters in the acceptable range (Table 4).

Chi-square  comparison between unconstrained and
constrained models was found to be not significant (p =
0.218). Additionally, the absolute value of ACFI was lower than

the threshold of 0.01 (ACFI = 0.001).

4 Discussion

The aims of this study were to assess the psychometric
parameters of a German version of the BREQ-3 and to examine its
invariance by sex, in a sample of Austrian young adults.

The original model of the BREQ-3 (Markland and Tobin, 2004;
Wilson et al., 2006) did not properly fit the data and participants
of our study. However, the structure showed an acceptable fit after
the removal of items 22 and 14. In particular, the inclusion of
item 22 was one of the major changes that Wilson et al. (2006)
implemented in BREQ-3 compared to its previous version, the
BREQ-2. In our case, this new item seems to bring issues that
affect the entire structure of the tool. Therefore, its removal led
to reinstating the previously validated structure of the sub-scale
of “introjected regulation” as presented in the BREQ-2, i.e., with
three items. This constitutes no particular problem, considering
that not only the structure of BREQ-2 (including the mentioned
sub-scale) had been already validated both in its original language
(Markland and Tobin, 2004) and in German (Witzki and Leyk,
2014), but it was also widely used in previous literature in the field
of exercise and health (Jekauc et al.,, 2021; Kovdics and Kovics,
2021; Ostendorf et al., 2021). Regarding item 14, which belonged
to the “amotivation” sub-scale, our findings are not in line with the
outcomes from validation processes in other languages (Gonzélez-
Cutre et al., 2010; Cid et al., 2018; Cavicchiolo et al., 2022; Chai
et al., 20225 Luo et al,, 2022). Nonetheless, none of these processes
was able to confirm the original 24-item model, which, with
some differences, always delivered a poor fit in its initial form.
For instance, Gonzdlez-Cutre et al. (2010) obtained a proper fit
for the Spanish BREQ-3 only after removing one item from the
“identified regulation” sub-scale. On the other hand, Chai et al.
(2022) validated the BREQ-3 with a 5-sub-scale structure, and i.e.,
they were forced to remove an entire sub-scale to obtain a sound
model in a sample of Malay young adults. The Portuguese version
of BREQ-3 required the elimination of one item per each sub-scale
in order to obtain a fitting model, and consequently, that version
of the BREQ-3 was confirmed with a total of 18 items equally
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distributed into the six original sub-scales (Cid et al., 2018). These
results led some authors to directly translate Cid’s 18-item version
of the questionnaire, rather than the original one (Cavicchiolo et al.,
2022). Issues were also found in validating the Chinese version of
the 24-item BREQ-3 (Luo et al., 2022), with the authors suggesting
that the original structure proposed by Markland and Tobin (2004)
might need to be revised. In this sense, the elimination of items
from our version seems in line with the procedure carried out
for the existing models in other languages. The fact that each of
these models differs in which particular items from the original
model were controversial may be attributed to regional differences
requiring cultural adaptation (Huang and Wong, 2014).

Regardless of the above-mentioned cultural differences, the
parameters found in our final version of the instrument are in
line with those reported in other adaptations. In fact, compared
to the CFI for the German version (CFI = 0.91), values for the
other versions ranged from 0.91 to 0.94, except the Italian (CFI
= 0.96) and the Chinese one (CFI = 0.98) reporting values above
0.95 (Cavicchiolo et al., 2022; Luo et al., 2022). Similarly, SRMR for
other adaptations also remained usually in the range of 0.05 to 0.07
and was 0.059 in our study. The RMSEA was perhaps the index
with the greatest fluctuation, with the poorest value (RMSEA =
0.09) reported in the original English version (Wilson et al., 2006),
whilst the best (RMSEA = 0.04) in the Chinese ones (Luo et al,
2022). In our case, an RMSEA of 0.064 represents an average value
compared to those previously reported. Test-retest reliability was
only reported for the Spanish adaptation (Gonzilez-Cutre et al.,
2010), and only for the questionnaire as a whole. Although their
reported ICC was higher (0.90) than in our study, both remain
within the range considered as good.

Finally, our outcomes indicate full invariance for the 22-item
German BREQ-3 by sex, the questionnaire needing no further
modifications depending on the sex of the participants. This is in
line with previous studies, also reporting full invariance by sex for
their BREQ-3 versions (Gonzdlez-Cutre et al., 2010; Cid et al., 2018;
Cavicchiolo et al., 2022; Luo et al., 2022).

4.1 Limitations

The main limitation of this study is represented by the lack of
other valuable validation procedures, i.e., construct and criterion-
related validity. These procedures tend to play a more essential
role in untested or newly created questionnaires, which is not
the case with the BREQ-3. Although we calculated convergent
and discriminant validity by means of AVE and CR scores,
following the same procedure as other country-specific BREQ-3
validation studies (Cid et al., 2018; Chai et al., 2022), studying these
parameters using comparable gold-standard tools provided in the
literature would bring further strength to this work. Additionally,
not all valid measurements for the mentioned procedures are
available in German, meaning that additional steps would be
required. Nonetheless, they always provide additional information
and may help to further confirm the soundness of the model
proposed in this work. Another limitation may be that the model
presented in this work was tested with a population of young
adults only. Considering that the original instrument has been
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TABLE 2 Average Variance Extracted (AVE), Composite Reliability (CR), and square correlations between sub-scales of the final version of the German
Behavioral Regulation in Exercise (BREQ-3).

Sub-scale Square correlations
1J ID

Amotivation 0.76 0.52 1 0.29 0.005 0.57 023 0.53
External 0.86 0.61 0.29 1 0.17 0.10 0.04 0.20
Introjected 0.85 0.65 0.005 0.17 1 0.13 0.06 0.001
Identified 0.81 051 057 0.10 0.13 1 0.81 0.61
Integrated 091 0.74 0.23 0.04 0.06 0.81 1 0.49
Intrinsic 0.89 0.68 0.53 0.20 0.001 0.61 0.49 1

AM, amotivation; EX, external; IJ, introjected; ID, identified; IG, integrated; IM, intrinsic.

TABLE 3 Psychometric parameters of the final version of the Behavioral Regulation in Exercise Questionnaire (BREQ-3) in different language
translations.

CFI  SRMR RMSEA Factor loading range Internal consistency range

German version* 0.912 0.0594 0.064 0.41-0.89 a = 0.60-0.88
w=0.61-0.88

Chinese version (Luo et al., 2022) 0.98 NA 0.040 0.197-0.801 w: = 0.80-0.90

Italian version (Cavicchiolo et al., 2022) 0.96 0.040 0.050 0.51-0.95 = 0.65-0.94

Malay version (Chai et al,, 2022)F 0.949 0.052 0.049 0.580-0.868 CR = 0.746-0.841

Portuguese version (Cid et al., 2018) 0.93 0.060 0.060 0.50-0.82 CR =0.73-0.77

Spanish version (Gonzilez-Cutre et al., 2010) 0.91 0.060 0.060 0.52-0.86 a = 0.66-0.87

* As presented in this paper; T the final model presents 5 factors; CR, composite reliability.

TABLE 4 Indexes of goodness of fit of the Behavioral Regulation in
Exercise Questionnaire (BREQ-3) for the unconstrained and constrained
model, and by sex.

5 Conclusions

As could have been expected based on the results of other

2 . .
Model X~ df CFI  SRMR RMSEA language adaptations, the German version of the BREQ-3 could
Final 22-item 418.741 194 0.912 0.0594 0.064 not be Conﬁrmed in its Original 24-item structure. Nonetheless, the
model final 22-item version presented in this study shows good indexes
Unconstrained 6367247 | 388 | 0.901% 0.0701 0.049 of goodness of fit and full invariance across sex, at the same time
as it maintains the main feature that made the original BREQ-3
Constrained 656.773T | 404 | 0.900* | 0.0729 0.049 id d within the scientifi ity ie. the inclusion of all
factor loadings widespread within the scientific community, 1.e., the inclusion of a
six types of motivation as described in the framework of the SDT.
Mal 301.109 | 194 | 0914 | 0.0706 0.061 S . e
© Although further examination is required to verify its structural
Females 294.856 | 194 | 0917 | 0.0719 0.064 stability across ages and populations, the German version of the

p=0.218; * ACFI = 0.001.

used in different environments and with different age ranges,
including youth and elderly, an important step forward would be
to assess measurement invariance by age, as well as to test the
instrument in special populations (sedentary, different types of
diseases, etc.). An additional recommendation would be to use
the Basic Psychological Need Satisfaction Scale (BPNSS; Deci and
Ryan, 2000) for construct convergent validity - currently, there is no
German version of this tool -, since this questionnaire is built within
the same SDT framework and it has been already used with such
purpose (Luo et al., 2022); and to gather information on weekly
physical activity (self-reported or via accelerometry) for criterion-
related predictive validity, as it is known that different types of
motivation are associated with exercise habits (Kalajas-Tilga et al.,
2022).

Frontiersin Psychology

BREQ-3 proposed in this study is scientifically robust and may be
recommended to be used in future research in the field of sport
sciences and, in particular, exercise and health.
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