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Introduction

Regular physical activity (PA) benefits
physical and mental health. For exam-
ple, PA reduces the risk of developing
cardiovascular diseases and certain can-
cers (Garcia et al., 2023). Furthermore, it
mitigates the severity of depressive dis-
orders (Imboden, Claussen, Seifritz, &
Gerber, 2021). TheWorldHealthOrgan-
ization (WHO) recommends that adults
should engage in at least 150–300min
of moderate-intensity PA per week or
75–150min of vigorous-intensity PA per
week or a combination of the two, sup-
plemented by two sessions of muscle-
strengthening activities involving all ma-
jor muscle groups (Bull et al., 2020).
However, more than one-third of the
global adult population fails to meet the
WHO recommendations (Strain et al.,
2024). Although sevenoutof ten individ-
uals intend to engage in PA on a regular
basis, only about half of those actually
engage in PA (Feil, Fritsch, & Rhodes,
2023). This discrepancy is referred to
as the PA intention-behaviour gap (IBG;
Sheeran, 2002).

Over the years, several theories have
been developed to explain and bridge the
IBG (Pfeffer, Hamilton, Hannan, &Weg-
ner, 2023). For instance, classical social

cognitive theories suggest that explicit
processes, such as forming expectations
about the potential outcome of a cer-
tain behaviour (e.g. “physical activity
helps me to get in better shape”), are key
determinants of PA behaviour (Rhodes,
McEwan, & Rebar, 2019). More recent
dual-process theories not only focus on
explicit, consciously controlled processes
but also stress the importance of implicit
processes such as affects or habits which
are not or only partially under conscious
control. From the perspective of dual-
process theories in the PA domain (e.g.
Brand & Ekkekakis, 2018; Strobach, En-
glert, Jekauc, & Pfeffer, 2020), habits are
highly important inexplainingbehaviour
and behaviour change. A meta-analy-
sis of several health-related outcomes re-
vealed that habits can explain roughly
20% of the variation in nutrition and PA
related behaviours (Gardner, de Bruijn,
& Lally, 2011). Similarly, the application
of habit theory to other behaviours (e.g.
skill acquisition) appears useful. Given
the importance of habits in shaping be-
haviour, the research interest in habits
across scientific disciplines is consider-
able and has increased in recent years
(Watson, O’Callaghan, Perkes, Bradfield,
& Turner, 2022).

Nonetheless, there is no consensus on
the definition of habits (Gardner et al.,
2024b). Gardner defines habit as a “cog-
nitive process whereby a contextual cue
automatically triggers an impulse to act,
based on a cue-behaviour association
learnt through consistent repetition in
the presence of the cue” (Gardner, 2015,
p. 280). They regard habits and habitual
behaviours as two different processes
where habitual behaviour is seen as
a specific action instigated by the un-
derlying habit (Gardner & Lally, 2023).
In contrast, some define habit as a type
of behaviour rather than a cognitive
process, meaning that the origin of the
habitual behaviour remains unspecified
(e.g. Watson et al., 2022). Others define
habit as a tendency to act in a specific
manner in specific contexts, leaving the
origin of this tendency unspecified (e.g.
Ouellette & Wood, 1998).

The definition by Gardner (2015) has
also raised criticism. De Houwer (2019)
argues that the inclusion of additional
causal elements (like learning processes)
makes it even more difficult to establish
whether a behaviour is habitual. More-
over, Orbell andVerplanken(2015)argue
that includingan impulse in thehabitdef-
inition risks confusion with related con-
cepts such as impulsivity, addiction, or
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temptation. Hewig (2024) also questions
the rationale behind the inclusion of an
impulse, proposing that an impulse is al-
ready an internal response triggered by
a cue-response association. While exter-
nal responses refer to behaviour, internal
responses refer to changes in for exam-
ple thoughts, emotions, or memory. In
sum, these researchers prefer to define
habit as the stimulus-response associa-
tion itself whereby internal responses are
included.

Another question concerns the dif-
ferences between habits and automatic
responses. While some researchers see
habit as a form of automaticity, there
is also no consensus regarding the def-
inition of automaticity (Moors & De
Houwer, 2006). Moors and De Houwer
(2006) concluded that (1) automaticity
can be diagnosed by looking at the pres-
ence of automaticity features, (2) these
features should be investigated sepa-
rately, if possible, (3) these features
should be construed as gradual, and
(4) the degree to which a process is
automatic should be evaluated relative
to an adequate criterion. This conclusion
raises the question of which automation
features should be considered within the
definition and measurement of habit.
Bargh (1992) proposed that a core fea-
ture of automaticity is the autonomy
of a response which “once started, did
not require conscious guidance to run to
completion” (Bargh, 1992, p. 186). Other
features could be lack of awareness, con-
trol, intention as well as the efficiency of
a response (Bargh, 1994). Considering
Gardner’s (2015) definition of habit, it
seems relevant to specify which auto-
matic features must be present in an
observed association between cue and
response for a habit to exist. Contrary to
habits, other automatic processes such
as involuntary muscle contractions are
not the result of individually learned
behaviour.

Over the years, several measures have
been proposed to capture distinct aspects
of the various habit definitions. Among
these are the number of reinforcements
of a behaviour (e.g. Hull, 1943), the
frequency of a behaviour in the past
(e.g. Bagozzi, 1981), the product of be-
havioural frequency and context stabil-

ity (e.g. Wood, Quinn, & Kashy, 2002),
the habit strength based on question-
naires (e.g. Mittal, 1988), and response-
frequency measures (Verplanken, Aarts,
van Knippenberg, & van Knippenberg,
1994). Based on the definition by Gard-
ner (2015), the focus on frequency seems
insufficient as it is the extent to which
a respective response was triggered auto-
matically that is relevant, not how often
a behaviour has been performed. For in-
stance, one might consider studying for
a test. This behaviour can occur with
considerable frequency but studying it-
self is inherently an explicitly controlled
behaviour. Thus, more frequent studying
will not be associated with more auto-
matic studying while other non-varying
aspects (studying routine, problem-solv-
ing strategies etc.) could undergo a habit
formation.

The Self-Report Habit Index (SRHI;
Verplanken & Orbell, 2003) is one of
the most frequently used habit question-
naires (Gardner et al., 2011). Despite the
inclusion of theoretical distinct features
such as items regarding self-identity, the
SRHI has been assumed to be unidi-
mensional (e.g, Verplanken & Orbell,
2003). The SRHI consists of 12 items,
each of which starts with the statement
“[Behaviour] is something . . . ” and is
answered on a 5-, 7-, or 11-point Likert
scale ranging from 1 (disagree) to 5/7/11
(agree) with higher values represent-
ing a stronger habit. Recent studies in
English (Morean et al., 2018), German
(Opwis, Bartel, Salewski, & Schmidt,
2023), and Spanish (Reyes Fernández,
Monge-Rojas, Solano López, & Carde-
mil, 2019) across different contexts found
more complex structures of the SRHI’s
latent factors. For example, Opwis et al.
(2023) and Reyes Fernández et al. (2019)
found the questionnaire to represent the
three dimensions lack of awareness (e.g.
“I do automatically”), lack of control
(e.g. “I would find hard not to do”),
and behavioural repetition (e.g. “I do
frequently”).

TheSelf-Report Behavioral Automatic-
ity Index (SRBAI; Gardner, Abraham,
Lally, & de Bruijn, 2012) was later devel-
oped with the intention of aligning the
scale more strongly with the introduced
definition of habit. To that end, Gardner

and colleagues (2012) filtered the SRHI
items to retain only those pertaining to
habitual actions as automatic behaviours.
The SRBAI maintained the SRHI’s item
stem “[Behaviour] is something...” as
well as the following selection of lack
of awareness-scale items (1) “I do auto-
matically”, (2) “I do without having to
consciously remember”, (3) “I dowithout
thinking” and (4) “I start doing before
I realize I’m doing it”. Thus, the SRBAI
contains a subset of four items from the
SRHI, dropping the ones regarding lack
of control and behavioural repetition
and keeping the ones regarding lack of
awareness (except one item). As the
scale cannot distinguish between habit
and other forms of automaticity, the
name of the scale targeted automaticity
in general instead of habit specifically
(Gardner et al., 2012). Nevertheless, the
SRBAI is the most frequently applied
scale tomeasure habit strength (Gardner
et al., 2024b).

A German version of the SRBAI (SR-
BAI-G) has been applied in previous
studies (e.g. Jekauc et al., 2024; Labudek
et al., 2023; Pfeffer & Strobach, 2018),
but its psychometric properties have re-
mained unclear. Only the German SRHI
(SRHI-G) has been evaluated by Thurn,
Finne, Brandes, and Bucksch (2014) in
the PA domain, and more recently by
Opwis et al. (2023) in the context of
caffeine consumption and smartphone/
tablet use. These studies (1) differ from
each other in terms of their implications
for measurement practice and (2) did
not validate the SRBAI-G.

The aim of the present research is
therefore to re-evaluate the use of the
SRHI-G, to validate the SRBAI-G in
the context of PA, and to discuss fur-
ther enhancements for the measurement
of habit. To this end, we conducted
two preregistered studies (https://osf.io/
vxntg; https://osf.io/ja8p7) following the
best practice recommendations for ques-
tionnaire validations by Boateng et al.
(2018). Data, code, and supplementary
material are available in an OSF’s repos-
itory (https://osf.io/4u9hs). In the first
study, we evaluated the psychometric
properties of the SRHI-G and SRBAI-G
in the context of vigorous PA. In the
second study, we compared the factorial
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structure of the SRBAI-G across the
three PA contexts walking, moderate
PA, and vigorous PA. As the scale offers
the opportunity to adopt the item stem,
we investigated whether variations in
context and in type (fixed vs. individ-
ualised) would affect its psychometric
properties.

Study 1

The aim of Study 11 was to investigate
the factorial validity of the SRHI-G. In
accordance with Opwis et al. (2023), it
was assumed that, in terms of model-fit,
a three-factorial solution with one factor
being similar to the SRBAI-G would be
acceptable and superior to a single-factor
solution or to a solution with an addi-
tional global factor (explaining all indi-
cators of the SRHI-G). Furthermore, the
convergent validity of the SRBAI-G was
investigated assuming a significant pos-
itive correlation between the SRBAI-G
and the automaticity subscale of the In-
dicators ofHabit Strength in Physical Ac-
tivity (IHSPA; Grove, Zillich, & Medic,
2014). Additionally, a significant pos-
itive correlation was expected for the
test-retest-reliability. We did not expect
any significant correlation between the
SRBAI-G and the rating of perceived ex-
ertion (RPE; Borg, 1982), as perceived ef-
fort is a relevant construct for explaining
PA in general (e.g. Cheval & Boisgontier,
2021) but should not be meaningful as-
sociated with a habit measure according
to habit theory.

Methods

Participants and procedures

An a-priori power analysis (Jorgensen,
Pornprasertmanit, Schoemann,&Rosseel,
2012; RMSEA= 0.06,df= 39, 1– β= 0.95,
α= 0.05) plus 10% for expected data loss

1 In the preregistration we planned to use the
5-item lack of awareness subscale of the SRHI-G.
However, the main analyses in this article were
performedwiththemore frequentlyused4-item
SRBAI-Gwhichcomprisesone itemless (Item10,
see.Table 2). The analyses and results for the
lack of awareness subscales are similar and can
be found in the repository (see supplemental
material 3).
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Abstract
Introduction. The Self-Report Behavioural
Automaticity Index (SRBAI) features automa-
ticity-related items of the Self-Report Habit
Index (SRHI) and is the most widely used
instrument to assess habit strength. The aim
of the present investigation was to validate
the German SRBAI (SRBAI-G) in the context of
physical activity (PA) and to re-evaluate the
use of the German Self-Report Habit Index
(SRHI-G).
Methods. Two online surveys with conve-
nience samples of young adults (N1= 267,
N2= 334) were conducted to evaluate the
reliability (internal consistency and test-retest
reliability) and validity (factorial, convergent
and discriminant) of habit strength measures.
Study 1 took all items of the SRHI-G to re-
evaluate its presumed factorial structure in
the context of vigorous PA. Study 2 examined
the SRBAI-G in three PA contexts. In both
studies, the frequency and duration of PA
were assessed through self-report.

Results. The SRBAI-G proved to be a reliable
and valid instrument for measuring behaviou-
ral automaticity in the context of PA. For the
SRHI-G, a three-factorial model was shown to
be superior to a single-factor solution but not
acceptable regarding the cut-off values set
forth by Hu and Bentler (1999).
Discussion. In comparison to the SRHI-G, the
SRBAI-G is more closely aligned with current
habit definitions and meets conventional
psychometric quality benchmarks in the
context of PA. More research is needed
to clarify whether automaticity assessed
by available self-report measures can
generally tackle changes in habit formation or
disruption.

Keywords
Automaticity · Habit · Physical activity ·
Questionnaire · SRBAI · SRHI

resulted in a target sample size of N=
3082. Following approval from the lo-
cal ethics committee, we advertised the
study on social media as well as at the
Goethe University Frankfurt and invited
participants to complete an online sur-
vey via SoSci Survey. We recruited N=
384 individuals (≥18 years) who were
proficient in the German language and
participated in vigorous PA. In line with
the preregistered criteria, we excluded
participants: (1) with a relative speed
index greater than 2 (10 cases), (2) who
failed the awareness checks (47 cases),
(3) who reported giving non-serious
responses (0 cases), and (4) participants
with no responses in the habit ques-
tionnaire section (60 cases). After this
exclusion, n= 267 data sets remained for
the analyses. Out of these participants,
n= 93 participants answered the follow-

2 Erratum: Themodelwith the fewestdfwas the
bifactor model with df= 36 instead of df= 39.
Thiswouldhave ledtoa requiredN=295.

up questionnaire. Data of the individuals
were matched through pseudonymisa-
tion. Participants were 27.32± 9.62 years
old (n= 127 female). A total of 45.3%
of respondents reported having a uni-
versity degree. In addition, the sample
indicated to spent 302.73± 215.28min/
week exercising at vigorous intensity.

Measures

After giving informed consent, we col-
lected sociodemographic data and infor-
mation about PA. Next, the habit-related
scaleswerepresented ina randomisedor-
der. At the end of the survey, participants
could leave a comment and we asked
them to indicate whether they had an-
swered the questionnaire seriously. Ad-
ditionally, participantsweregiven theop-
portunity to leave their email address, so
they were able to participate in the retest
survey that tookplace oneweek later. The
email addresses were stored separately
from the other data to secure anonymity.
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a

b

Fig. 18 Factor loadingsandcorrelationsbetweenfactors fortheasingle-andb three-factorCFAofthe
SRHI-G related to themain vigorous PAof the participants in Study 1.Note. The full descriptionof each
item is shown in.Table 2. SRHI Self-Report Habit Index, LoA Lack of Awareness subscale, LoC Lack of
Control subscale, BRBehavioural repetition subscale

Someitemswere includedforexploratory
purposes and are reported as part of the
survey documentation (German) in the
OSF repository (see supplemental mate-
rial 4).

Sociodemographic data. We assessed
age, gender, andeducational level tochar-
acterise the sample.

Vigorous PA. Participants were re-
quested to report the specific vigorous
PA they typically spent the most time
with (main vigorous PA). Vigorous PAs
were described as activities that require
a lot of physical exertion, where you
breathe much harder than normal (with
examples such as running, football, bad-
minton, etc.). Descriptions and items
were based on the German short form of
the International Physical Activity Ques-
tionnaire (IPAQ; Craig et al., 2003). For
instance, we assessed on how many days
in a typical week they engaged with this
activity on average, and for how long.

SRHI. We adapted the item stem of
the 12-item SRHI-G (Thurn et al., 2014;

Verplanken & Orbell, 2003) so it would
refer to each individual’s main vigorous
activity (“[Main vigorous PA] is some-
thing . . . ”). In line with the answer cate-
gories used for the SRHI-G (Thurn et al.,
2014), each item was answered on a 5-
point Likert-type scale ranging from 1
(strongly disagree) to 5 (strongly agree).
All items and internal consistencies are
reported in the results section. We calcu-
latedmean scores for the SRHI-G and the
SRBAI-G items with higher scores indi-
cating stronger habits. Only thismeasure
was presented for a second time oneweek
later.

Convergent Validity Measure: IHSPA.
The IHSPA is a four dimensional 17-item
questionnaire validated by Grove et al.
(2014). Only the four-item automaticity
subscale (e.g. “I exercise without having
to think about it”) was used for our
investigation with the mean value being
the convergent validity measure. The
scale was back-and-forth translated in
collaboration with native speakers and

a think aloud pilot study was conducted
to assess the perception of the items of
the SRHI-G and the IHSPA. In advance
to any analysis with the scale, we checked
the factorial validity and internal con-
sistency of the subscale. Each item was
answered on a 6-point Likert-type scale
ranging from1 (not true for me) to 6 (very
true for me), meaning that a higher value
indicates stronger automaticity. A CFA
confirmed the factorial validity of the
automaticity subscale (χ2(2)= 2.70, p=
0.259, RMSEA=0.031 [0.000, 0.122],
CFI= 1.00, TLI= 1.00) and the internal
consistency was acceptable (McDonald’s
ω= 0.79 [0.74, 0.83]).

Discriminant Validity Measure: RPE.
Participants were asked to report their
typical RPE (Borg, 1982) experienced
during the reported vigorous PA on a 10-
point Likert-type scale from 1 (no exer-
tion at all) to 10 (maximum [compared
to the maximum exertion you have ever
experienced]).

Data analyses

Data analyses were conducted in R
(scripts are available in the repository).
At first, we pre-processed the data,
checked assumptions and analysed the
missing data. The assumption of multi-
variate normality was violated for both
the SRHI-G and the SRBAI-G. Addition-
ally, multivariate outliers were identified
for each scale. We therefore used the
mean- and variance-adjusted weighted
least squares (WLSMV) estimator to
conduct the CFA (Brauer, Ranger, &
Ziegler, 2023) and conducted sensitiv-
ity analyses without the outliers (which
led to comparable results, see supple-
mental material 2). Visual inspection
confirmed linear relationships between
all calculated correlations and no uni-
variate outliers. Missing data analysis
showed that after applying the exclusion
criteria there were no missing data left.

To investigate the factorial structure
of the SRHI, we conducted confirma-
tory factor analyses (CFA) with tau-
congeneric models, as analyses with
the SRBAI-G data showed tau-con-
generic model to be superior to other
measurement models (see supplemental
material 1). Interpretations were based
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Table 1 Preregistered criteria to evaluate factor loadings, convergent anddiscriminant validity,
and test-retest reliability
Factor loadings Acceptable Moderate High Very High

λ >0.50–0.60 >0.60–0.70 >0.70–0.80 >0.80

Convergent validity Low Moderate High Very High

rp <0.20 ≥0.20–0.40 >0.40–0.60 >0.60

Discriminant validity Unacceptable Low Moderate High

|rp| >0.60 ≥0.40–0.60 >0.20–0.40 ≤0.20

Test-Retest Reliability Low Moderate High Excellent

rp <0.30 ≥0.30–0.60 >0.60–0.80 >0.80

We determined the criteria based on the results of previous studies conducted with self-report habit
scales (Gardner et al., 2012; Thurn et al., 2014)

Table 2 Item characteristics of the SRHI-G in Study 1
Items (English/German)
[Main vigorous activity] is something, . . . /
[Anstrengende Hauptaktivität] ist für mich etwas,
. . .

M SD Skew Diff Discr

1. that I do frequently./das ich häufig tue. 4.51 0.67 –1.25 0.90 0.62

2. I do automatically./das ich automatisch tue.a 3.40 1.19 –0.46 0.68 0.68

3. I do without having to consciously remember./das ich
tue, ohne mich bewusst daran erinnern zu müssen.a

3.72 1.16 –0.58 0.74 0.64

4. that makesme feel weird if I do not do it./bei dem ich
mich komisch fühle, wenn ich es nicht tue.

3.69 1.24 –0.87 0.74 0.46

5. I do without thinking./das ich tue, ohne
nachzudenken.a

3.35 1.19 –0.32 0.67 0.51

6. that would require effort not to do it./das mich
Anstrengung kosten würde, es nicht zu tun.

3.20 1.19 –0.15 0.64 0.55

7. that belongs tomy weekly routine./das zu meiner
wöchentlichen Routine gehört.

4.69 0.59 –2.19 0.94 0.55

8. I start doing before I realize I’m doing it./mit dem ich
anfange, ohne zu bemerken, dass ich es tue.a

2.24 1.19 0.74 0.45 0.50

9. I would find hard not to do./das ich schwer fände, es
nicht zu tun.

4.00 1.07 –0.91 0.80 0.67

10. I have no need to think about doing. /über das ich
nicht nachdenkenmuss, um es zu tun.b

3.45 1.22 –0.41 0.69 0.52

11. that is typically “me”./das typisch für mich ist. 4.13 0.98 –0.84 0.83 0.66

12. that I have been doing for a long time./das ich seit
langer Zeit mache.

4.51 0.84 –1.92 0.90 0.51

McDonald’s ω of the SRHI-G was ω= 0.87 [0.85, 0.89]
Skew Skewness of the respective distribution of item responses. Diff Item difficulty. Discr Item discrim-
inability
a Items of the SRBAI. McDonald’s ω of the SRBAI-G was ω= 0.78 [0.74, 0.82]
b After pilot studies with the German questionnaire we decided to change the verb in item 10 from tun
to beginnen because it was perceived as identical to item 5

on the following indices: The root mean
square error of approximation (RMSEA)
indicates a misfit of the model and takes
the parsimony of a model into account.
In contrast, the standardized root mean
square residual (SRMR) is an absolute
measure of model fit. Additionally, the
comparative fit index (CFI) provides
information about improvement of the
specified model over the baseline model

with penalties for non-parsimony, and
the Tucker-Lewis Index (TLI) does the
same without these penalties. To evalu-
ate model-fit, we used the cut-off values
of Hu and Bentler (1999) as reference
(RMSEA<0.06, SRMR< 0.08, CFI/TLI>
0.95). Given the results in the investiga-
tion of Thurn et al. (2014), we evaluated
the factor loadings using the criteria
shown in . Table 1 (anything below

these thresholds was rated as inadequate
for inclusion in the SRBAI-G). To eval-
uate the convergent and discriminant
validity, we calculated correlation coeffi-
cients with the unweighted means of the
scales (see. Table 1). Internal consisten-
cies were evaluated using McDonald’s ω
where values greater than ω> 0.70 were
seen as acceptable. Confidence intervals
(CI) are reported on a 95% level [lower,
upper].

Results

Item characteristics

The item characteristics for the SRHI-G
are shownin. Table2and inter-itemcor-
relations are shown in . Table 3. The in-
ternal consistencies for the SRHI-G (ω=
0.87 [0.85, 0.89]) and for the SRBAI-G
(ω= 0.78 [0.74, 0.82]) were acceptable.

Factorial validity

Both, the robust fit indices of the CFA
for the single-factor (X2(54)= 256.83,
p< 0.001, RMSEA=0.15 [0.13, 0.17],
SRMR=0.08, CFI= 0.82, TLI= 0.78)
and the three-factor model (X2(51)=
100.45, p< 0.001, RMSEA= 0.10 [0.08,
0.13], SRMR=0.05, CFI= 0.92, TLI=
0.90) exceed all pre-set cut-off criteria.
The corresponding factor loadings are
displayed in . Fig. 1. Standard errors
and robust test statistics for the bifactor
model were not calculated as the infor-
mation matrix could not be inverted.
A likelihood ratio test with non-robust
estimates showed that the three-factor
model with the factors lack of awareness,
lack of control, and behavioural repetition
was superior to the single-factor model
(X2(3)= 73.58, p< 0.001). Sensitivity
analyses with a maximum likelihood
estimator showed that the model fit
indices were better if the violation of
assumptions was not considered (see
supplemental material 2).

Convergent validity

We calculated the Pearson correlation
coefficient with the IHSPA automatic-
ity subscale and the SRBAI-G.There was
a significant positive correlation between
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Table 3 Inter-item correlation for the itemsof the SRHI-G in Study 1
1 2 3 4 5 6 7 8 9 10 11

Item 1 – – – – – – – – – – –

Item 2a 0.47 – – – – – – – – – –

Item 3a 0.46 0.52 – – – – – – – – –

Item 4 0.36 0.35 0.37 – – – – – – – –

Item 5a 0.32 0.56 0.42 0.22 – – – – – – –

Item 6 0.44 0.34 0.37 0.39 0.27 – – – – – –

Item 7 0.62 0.43 0.41 0.34 0.31 0.36 – – – – –

Item 8a 0.20 0.49 0.33 0.25 0.41 0.36 0.21 – – – –

Item 9 0.50 0.42 0.43 0.50 0.25 0.57 0.48 0.32 – – –

Item 10 0.37 0.43 0.47 0.27 0.46 0.25 0.27 0.33 0.28 – –

Item 11 0.57 0.45 0.47 0.41 0.33 0.43 0.50 0.30 0.63 0.33 –

Item 12 0.53 0.41 0.34 0.34 0.27 0.34 0.35 0.27 0.49 0.35 0.57

Spearman correlation coefficients are shown. All correlations are statistically significant (p< 0.001)
a Items of the SRBAI

theSRBAI-GandtheIHSPAautomaticity
subscale (rp = 0.64 [0.57, 0.71], p< 0.001)
demonstrating very high convergent va-
lidity.

Discriminant validity

There was a non-significant positive cor-
relation between the SRBAI-G and the
RPE for the related vigorous activity (rp =
0.10 [–0.02, 22], p= 0.089). As the null
hypothesis was of interest, we conducted
a bootstrapped equivalence test (Lakens,
2017) which showed that the effect size
of the correlation lies within the prereg-
istered boundaries of –0.20< r< 0.20 (p=
0.039), demonstrating high discriminant
validity.

Test-retest reliability

There was a significant positive correla-
tion between the SRBAI-G measured at
T1andatT2 (n= 93; 8.18± 3.48days test-
retest interval; rp = 0.68 [0.55, 0.78], p<
0.001) demonstrating a high test-retest
reliability.

Visualisationsofthebivariaterelation-
ships are shown in . Fig. 2.

Discussion

Study 1 aimed at re-evaluating the fac-
torial structure of the SRHI-G and
validating the SRBAI-G in the context of
vigorous PA. The internal consistencies
of both the SRHI-G and the SRBAI-G

were acceptable and the CFAs confirmed
the superiority of the three-factor against
the single-factor model of the SRHI-G
(Opwis et al., 2023; Reyes-Fernández
et al., 2019). Unexpectedly, the model
fit indices of the three-factor solution
exceeded each pre-set cut-off criteria,
meaning that the measurements cannot
be explained adequately by the specified
latent constructs. As expected, there was
a significant positive relationship be-
tween the SRHI-G and the automaticity
subscale of the IHSPA (i.e. convergent
validity) and a near to zero association
between the SRBAI-G and the RPE scale
(i.e. discriminant validity). Additionally,
the hypothesis regarding the test-retest
reliability of the SRBAI-G can be ac-
cepted. From a quantitative perspective,
the construct validity measures were
similarly correlated with the SRHI-G
as with the SRBAI-G, so these findings
do not shed any light on the conceptual
differences between these two scales. Fu-
ture studies could therefore benefit from
applying a mixed-methods approach.
However, given the results of factorial
analyses (Opwis et al., 2023; Reyes Fer-
nández et al., 2019; Thurn et al., 2014),
the use of the SRHI-G as a unidimen-
sionalmeasure is contraindicated. As the
definition of habit underwent progress
from the development of the SRHI (Ver-
planken and Orbell, 2003) to this day,
measurements based on more precise
definitions can also cover more precisely
the constructs of interest such as lack of

awareness for the SRBAI (Gardner et al.,
2012).

Study 2

Given that the SRBAI-Gmet validity and
validity criteria in Study 1, the aim of
Study2was toevaluate themodelfitof the
SRBAI-G across PA contexts and types
of application (fixed vs. individualised).
It was assumed that the SRBAI-Gmodels
with a single-factor structure3 meet the
model fit recommendations set forth by
Hu and Bentler (1999).

Method

Participants and procedures

An a-priori power analysis (Pornprasert-
manit et al., 2012; factor loadings from
Thurn et al. (2014), 1– β= 0.80, α= 0.05)
resulted in a target sample size of N=
300. We advertised the study on so-
cial media and at the Goethe Univer-
sity Frankfurt. Participants were invited
to complete an online survey via SoSci
Survey. We recruited N= 356 individ-
uals (≥18 years) who were proficient in
German. Afterexcludingparticipants ac-
cording to the preregistered criteria (rel-
ative speed index> 2, 14 cases; failed seri-
ousness check, 6 cases), n= 336 data sets
remained for statistical analyses. Partic-
ipants were 27.25± 11.62 years old (n=
164 female, n= 166 male, n= 4 non-bi-
nary). A total of 41.9% of respondents
reported having a university degree. In
addition, the sample indicated to spent
249.45± 272.39min/week with walking,
205.78± 213.16min/week with moder-
ate, and 301.01± 221.73min/week with
vigorous PA.

Measures

After giving informed consent, we col-
lected sociodemographic data and in-
formation about the individual PA be-
haviour. Afterwards, we presented the
habit scale related to the three PA con-

3 Multifactor models are not identified when
only four indicators are available and con-
sequently no comparison was conducted as
preregistered.
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Fig. 28 Plots for a the convergent validity,b the discriminant validity, and c the test-retest reliability of SRBAI-G scores in
Study 1,Note. Jitteringwas used to provide a better viewof the relationships

a b c

Fig. 38 Factor loadings for the CFAswith the SRBAI-G applied to awalking aswell asbmoderate and
c vigorous PA of participants in Study 2

texts and the items within one context
in a randomised order. At the end of the
survey, participants had the opportunity
to leave a comment and we asked them
to indicate whether they had answered
the survey seriously. Further items for
exploratory purposes are reported as part
of the survey documentation (German)
in the repository (see supplemental ma-
terial 5).

Sociodemographic data. As in Study 1,
we assessed age, gender, and educational
level to characterise the sample.

PA. Participants were requested to re-
port the weekly frequency and duration
of their time spent with moderate and
vigorous PA as well as with walking.
ModeratePAsweredescribedasactivities
that involve physical exertion, where you
breathe a little harder than normal (with
examples such as carrying groceries, cy-
cling as active transport, gardening, etc.).
Descriptions and assessmentswere again
based on the IPAQ (Craig et al., 2003).
Additionally, we asked them to name the
specific moderate and vigorous PA they
typically spent the most time with and

asked them to indicate onhowmanydays
in a typical week they engage with these
activities on average, and for how long.

Habit. We used the SRBAI-G adapted
to the individual main activities (“[Main
moderate/vigorousactivity] is something
. . . ”) and one fixed item stem related
to walking (“Walking in everyday life is
something . . . ”). In contrast to the in-
dividualised item stems which refer to
activities within the same intensity level
(moderate or vigorous) but not necessar-
ily to the same behaviour (e.g. running
or playing soccer are both vigorous PA),
the fixed item stem refers to the same be-
haviour for each participant (i.e., walk-
ing). Each item was answered on a 5-
point Likert-style scale ranging from 1
(strongly disagree) to 5 (strongly agree).
Internal consistencies of the SRBAI-G
scales were acceptable (McDonald’s ω>
0.80).

Data analyses

We used the same procedures as de-
scribed in the data analyses section of

Study 1 and applied the identical eval-
uation criteria (see . Table 1). The as-
sumption of multivariate normality was
violated, and multivariate outliers were
identified for all three PA contexts. Con-
sequently, robust statistical procedures
and sensitivity analyses for models with-
out outliers were conducted. Missing
data analysis revealed that after applying
the exclusion criteria n= 271 cases were
left for moderate PA, n= 283 for vigorous
PA and n= 302 for walking. Missing data
in the raw data did not vary across age
groups, gender, or educational level.

Results

Item characteristics

The item characteristics for all three ap-
plications of the SRBAI-G are shown in
. Table 4. The internal consistency of
each scale was acceptable (walking: ω=
0.86 [0.83, 0.88], moderate PA: ω= 0.87
[0.84, 0.89], vigorous PA: ω= 0.85 [0.82,
0.88]).

Factorial validity

. Table 5 provides the model fit indices
for all three PA contexts of the SRBAI-G.
Chi-square-tests of the CFAs were not
significant, meaning that the model im-
plied variance-covariance matrices did
not vary significantly from the empir-
ically assessed matrix. Misfit analyses
revealed that the models tend to slightly
overestimate the relationships between
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Table 4 Item characteristics for the SRBAI-G in the context ofwalking aswell asmoderate and
vigorous PA of participants in Study 2
Item M SD Skew Diff Discr

Walking is something. . .
1. I do automatically. 4.29 0.87 –1.27 0.86 0.71

2. I do without having to consciously remem-
ber.

4.23 0.96 –1.25 0.85 0.69

3. I do without thinking. 4.21 0.94 –1.33 0.84 0.71

4. I start doing before I realize I’m doing it. 3.96 1.11 –0.98 0.79 0.72

[My mainmoderate activity] is something. . .

1. I do automatically. 3.44 1.31 –0.43 0.69 0.78

2. I do without having to consciously remem-
ber.

3.5 1.26 –0.43 0.70 0.68

3. I do without thinking. 3.51 1.28 –0.44 0.70 0.75

4. I start doing before I realize I’m doing it. 2.81 1.29 0.24 0.56 0.67

[My main vigorous activity] is something. . .
1. I do automatically. 3.14 1.23 –0.13 0.63 0.74

2. I do without having to consciously remem-
ber.

3.18 1.3 –0.04 0.64 0.66

3. I do without thinking. 3.2 1.27 –0.03 0.64 0.72

4. I start doing before I realize I’m doing it. 2.43 1.21 0.59 0.49 0.64

McDonald’s ω of each scale was acceptable (walking: ω= 0.86 [0.83, 0.88], moderate PA: ω= 0.87 [0.84,
0.89], vigorous PA: ω= 0.85 [0.82, 0.88])
Skew Skewness of the respective distribution of item responses, Diff Item difficulty, Discr Item discrim-
inability

Table 5 Resultsof the (robust)CFAs for theSRBAI-G in thecontextofwalkingaswell asmoderate
and vigorous activities in Study 2
Model Df χ2 RMSEA [95%CI] SRMR CFI TLI

Walking 2 0.75 0.00 [0.00, 0.07] 0.00 1.00 1.00

Moderate PA 2 7.14 0.10 [0.02, 0.19] 0.02 0.99 0.98

Vigorous PA 2 3.27 0.05 [0.00, 0.15] 0.01 1.00 0.99

None of the Chi-Square-Tests were significant

item 1 and 3 as well as between item 2
and 3. Nevertheless, each model met
the cut-off criteria regarding the SRMR,
the CFI and the TLI. While the RMSEAs
for the models related to walking and
vigorous PA met the cut-off criteria of
RMSEA< 0.06, the model for moderate
PA did not, RMSEA=0.10 [0.02, 0.19].
As the RMSEAs CIs of each model in-
cluded values which exceeded the cut-off
value, random sampling variations could
lead to RMSEA values above the cut-off
in some cases. Factor loadings are shown
in . Fig. 3. Applying the pre-set criteria
(see . Table 1), factor loadings ranged
from high (λ> 0.70–0.80) to very high
(λ > 0.80).

Discussion

In Study 2, the factorial validity of the
SRBAI-G across the contexts walking in
everyday life as well as moderate and
vigorous PAs was investigated. Analy-
ses showed that item 4 (“I start doing
before I realize I’m doing it.”) was un-
expectedly positively skewed with a rel-
atively low item difficulty. Although it
seems possible that the German transla-
tion of realize (bemerken) rather targets
consciousness than awareness, CFA sup-
ported the factorial validity and internal
consistencies were acceptable. Our hy-
potheses canbe accepted for each context
except that the model for moderate PA
exceeded the recommended cut-offcrite-
ria. Weconsider the followingreasons for
this result: First, simulations showed that
even a correctly specified model shows

exceeded RMSEAs when degrees of free-
dom are relatively low and that the CI
should be interpreted (Kenny, Kaniskan,
& McCoach, 2015). Values in- and out-
side the cut-off value therefore indicate
further validation with a larger sample
size.

Second, due to the adaptable nature
of the SRBAI-G not only interindivid-
ual differences in the perception of the
same activity (walking)were assessed but
also individualised PAs (main moderate/
vigorous PA). Participants reported con-
fusion regarding how to answer the items
when the scale is applied to activities that
encompass several sub-actionswhich the
participants are aware of. One partici-
pantmentioned that cycling is something
which can be done automatically in the
sense that they donot have to think about
pedalling, but at the same time must be
aware of the traffic, and therefore can-
not cycle automatically or without think-
ing. Thus, items such as “Cycling to the
gym in the morning is something I do
without thinking”might be not answered
or with ambiguity. As the order of the
SRBAI-G for the three contexts was ran-
domised and cycling was the most fre-
quently mentioned main moderate PA,
this could be one reason for the larger
proportion of missing values for moder-
ate PA. Formulating more precise items
referring to instigation or execution of
a behaviour (Gardner, 2022) and adding
potential cues to the item stem might
offer a solution to attenuate this prob-
lem (Sniehotta & Presseau, 2012). How-
ever, inmost cases the problemcannot be
entirely eliminated as it is not possible
to represent each individually relevant
cue in a single questionnaire. Ecological
momentary assessment could be used to
identify themostsalientcueswhichcould
then be considered within the SRBAI or
for the development of single items (for
a discussion, see Gardner et al., 2024a).

Third, broad categories such as mod-
erate PAmight encompass actions which
are characterised by distinctive auto-
maticity features. For example, in com-
parison to cycling, lawn mowing is less
complex as it is a closed skill where
a behaviour is performed in a stable or
largely predictable setting and therefore
can follow a rigid script. While for lawn

German Journal of Exercise and Sport Research



mowing, a sense of efficiency might be
dominant, in the case of pedalling, the
sense of automaticity might stem from
the feeling that no conscious decision is
needed.

Themodel fit indices for walking were
better than for the main moderate and
main vigorous PA reported by the par-
ticipants. This was to be expected from
the line of argumentation above: Rela-
tively simple actions seem to be more
easily associated with concepts of auto-
maticitycomparedtocomplexactionpat-
terns (Gardner, 2022). Additionally, as
over 25% if the respondents reported the
maximum habit strength in the context
of walking, ceiling effects influenced the
model fit.

General discussion

As the use of German translations of the
SRBAI has increased in recent years (e.g.
Jekauc et al., 2024; Labudek et al., 2023),
the goal of this investigation was to val-
idate the SRBAI-G. Moreover, since the
implications of recent studies regarding
the measurement practice of the SRHI
were inconclusive (Opwis et al., 2023;
Thurn et al., 2014), an additional goal
was tore-evaluate theSRHI-G.Therefore,
we conducted two preregistered studies.
Overall, we found the SRBAI-G to be
a reliable and valid instrument as the
test-retest reliability and internal consis-
tencies as well as factorial, convergent
(i.e. IHSPA automaticity subscale), and
discriminant validity (i.e. RPE) were as
expected. Unexpectedly, the RMSEA of
themodel in the context ofmoderate PAs
exceededthecut-offcriteria, demonstrat-
ing substantial deviations of the empiri-
cal data from the model. We explain this
findingwith the evidence that simulation
studies demonstrated a high variability
for the RMSEA in CFAs with lower de-
grees of freedom (Kenny et al., 2015), po-
tential confusioncausedbyactionswhich
encompass several sub-actions (i.e. cy-
cling), and the broad variety of moderate
PAs which can be associated with differ-
ent perceptions of automaticity.

Based on the results of Study 1, re-
searchers are advised to carefully define
the automaticity features relevant to their
particular research question and to select

or develop a measure which covers these
features. If the goal is to focus on lack of
awareness as representedby theSRBAI-G
items, Studies 1 and 2 demonstrated the
SRBAI-G to be a valid and reliable in-
strument. However, recent research sug-
gest that the SRBAI oversimplifies the
multidimensional concept of automatic-
ity (Gardner et al., 2024a). Moreover,
little is known about the meta-cognitive
approaches of study participants to an-
swer items related to automaticity fea-
tures and especially to the same features
in different contexts. For instance, think
aloud studies found that the intended
meaning by researchers deviated from
the interpretation by the participants for
the SRHI (Gardner & Tang, 2014) and
for habit in general (Brown, Hagger, &
Hamilton, 2024). Likewise, we may ask
how, doing something automatically, is
mentally conceptualised in specific con-
texts, as compared to doing something
frequently. Think-aloud studies regard-
ing the items covering the automaticity
features of relevant behaviours couldhelp
tofurther improve thevalidityof thehabit
and automaticity measures.

Nonetheless, themainproblem is how
to assess habit as a cognitive process
where a response is automatically trig-
gered by a cue. First, objective mea-
surement approaches such as assessing
behavioural repetition cannot serve as
a valid marker for habit strength as the
activation of an association is key, not the
(non-)usage. Othermethods thatmayin-
clude behavioural or neuroscience mea-
suresare thereforeneededtocomplement
self-report data. Second,multiple studies
questionthevalidityofself-reportsaimed
atmeasuringmental processeswith some
of them focusing specifically on themea-
surement of habit (e.g. Hagger, Rebar,
Mullan, Lipp, & Chatzisarantis, 2015,
Mazar & Wood, 2022). Additional re-
search is needed to further enhance the
measurementpractices and subsequently
to develop effective interventions to sup-
port individuals’ intentions to be physi-
cally active on a regular basis.

Dualprocessmodels in thePAdomain
focus on explicit cognitive processes such
as intentions on one side, and on implicit
cognitive processes such as habits on the
other side to explain PA behaviour (e.g.

Brand&Ekkekakis, 2018; Strobach et al.,
2020). Recent evidence supports the idea
that intentions and habit conjointly pre-
dict PA behaviour (Hagger et al., 2023;
Jekauc et al., 2024). It is argued that the
reflective process of regulating oneself
to follow through an PA intention re-
quires self-regulatory competences and
the willingness to exert the effort to ap-
ply them, whereby in the presence of
habits, preparatory actions and PA it-
self will be carried out more automati-
cally (Pfeffer, Englert, Strobach, Ljubic, &
Jekauc, 2024). Given thatmany individu-
als do not follow through their PA inten-
tions, the formation of PA habits is seen
as a powerful tool to sustainably bridge
the IBG (Galla & Duckworth, 2015).

Despite thecontributionsof this inves-
tigation, the following limitations should
be acknowledged. First, as the conve-
niencesamplesmainlyconsistedofyoung
adultswhichwere highly educated, much
more physically active than average, and
drawn from a single geographic region, it
is not representative for the general pop-
ulation. Studies with more diverse sam-
ples are required to generalise the find-
ings across populations. Second, there is
the potential for common methods bias
as the findings are solely built on self-
report data. Measures based on self-re-
ports are built on the premise that peo-
ple are aware of their habits. When
habitual behaviours are executed with-
out awareness, a self-report may reflect
other automatic processes than those re-
lated to habit andmay include retrospec-
tive speculations about the antecedents
of potential consequences (Hagger et al.,
2015; Mazar & Wood, 2022; Sniehotta
& Presseau, 2012). Additionally, we only
used activities which are carried out fre-
quently while in the context of PA less
frequent behaviours (e.g. vacuuming,
carrying groceries) are also of interest.
Future studies could investigate whether
the SRBAI-G can discriminate between
individuals with a strong vs. weak habit
for a certain action when frequency is
balanced.

The present investigation demon-
strated the SRBAI-G to be a valid and
reliable measure with the flexibility to
adapt it to different contexts and the
opportunity to combine this feature
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with individualisation. To ensure the
effective utilisation of the SRBAI-G, it
is essential to analyse the behaviour of
interest, for example in terms of rele-
vant sub-behaviours or cues to create
an item stem which reduces ambigu-
ity. As the longer SRHI-G has been
shown to exceed standard criteria, we
recommend determining which habit
definition and automaticity features are
suited for a particular research ques-
tion and subsequently apply or develop
a measure which covers this definition
most accurately. Future research (e.g.
regarding criterion validity) will gain
a deeper understanding of how habits
can be assessed in order to, for instance,
use habit theory to support individuals
in their efforts to adopt a physical active
lifestyle.
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