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Abstract
Background Habit formation has been proposed as a way to
maintain behaviour over time.
Purpose Recent evidence suggests that constructs additional
to repeated performance may predict physical automaticity,
but no research has yet explored possible direct impacts of
intention, planning, affect, and perceived behavioural control
(PBC) on automaticity.
Method In a prospective study over a 2-week period amongst
406 undergraduate students (M age=21.5 years [SD=2.59],
27.4 % males), we investigated main and interaction effects
of past exercise behaviour, PBC, intention, planning, and
affect on exercise automaticity.
Results Results showed that— controlling for past behaviour
— PBC, affect, and planning were significant and positive
predictors of exercise automaticity. Decomposing a significant
interaction between PBC and planning when to exercise re-
vealed that planning became less predictive of exercise auto-
maticity at higher levels of PBC.
Conclusion Findings show that exercise automaticity is pre-
dicted by repeated performance and social–cognitive constructs.

Further, interactions between social–cognitive predictors may
be different for behavioural automaticity than for behavioural
frequency.

Keywords Habit . Affect . Planning . Automaticity .

Intention . Perceived behavioural control

Introduction

Although engaging in sufficient exercise has various health
benefits, the majority of people are currently insufficiently
active to obtain these health benefits. Understanding modifi-
able determinants of exercise behaviour is a prerequisite for
developing evidence-based interventions to target increased
exercise adherence. Determinant studies have often been in-
formed by a range of social–cognitive theoretical models, of
which the theory of planned behaviour (TPB) [1] is most
frequently utilised. The TPB models (exercise) behaviour as
an endpoint of a reasoned process, in which an individual
formulates an intention to act. This intention is based on the
weighing of pros (e.g., enhanced health) and cons (e.g., fa-
tigue) and considers approval or disapproval from significant
others as well as facilitators (e.g., sufficient time to exercise)
and barriers (e.g., bad weather) when deciding whether to
engage in exercise behaviour. As a result, interventions that
target increases in exercise behaviour have often sought to
raise knowledge of benefits of exercise behaviour or how to
cope with barriers and restraints.

Previous exercise behaviour change interventions, howev-
er, have only been modestly successful: differences between
experimental and control conditions often do not exceed the
small effect-size threshold. Furthermore, most of these posi-
tive intervention effects tend to be short-lived, often not ex-
ceeding a 6-month post-intervention period, when participants
either drop out or continue at a suboptimal level [2]. This may
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be due to the effort required to initiate intentional behaviour
change and the depletion of the limited cognitive control
resources required to consciously sustain intentional action
[3]. Recent research suggests that the development of habits
may help to sustain behaviour over the long term. Habits are
behaviours which, through repeated prior performance in the
presence of stable contextual cues, have become automatic
responses to those cues [4, 5]. Repetition in stable contexts
strengthens the association between the situational cue and the
behavioural action. Once this association is sufficiently
strong, the mere perception of that context will automatically
activate the associated habituated responses and a habit is said
to have formed. Unlike intentionally driven behaviours, which
require conscious effort to be enacted andmaintained, habitual
actions are characterised by automaticity, as expressed in
uncontrollability and immediacy of enactment upon encoun-
tering associated cues [6]. For this reason, habitual responses
can override intentional responses in determining actions [7,
8]. This has led commentators to suggest that the development
of automaticity (i.e., habit) for newly adopted and health-
enhancing behaviours is a desirable outcome for behaviour
change interventions [5, 7].

Because habits are suggested to form through context-
dependent repetition, social cognitive variables should impact
on automaticity indirectly, by influencing the extent to which a
behaviour is repeated over time. However, a recent study on
automaticity development reported considerable variation in
the time taken before newly initiated behaviours reached a
plateau of automaticity, despite equal repetitions [9]. This
effect also occurred for complex behaviours such as exercise
and variables next to the mere number of behavioural repeti-
tions may therefore determine strength of behavioural auto-
maticity [9]. These variables may feasibly strengthen automa-
ticity directly, independent of repetition history, or may inter-
act with past behaviour, thus moderating the reinforcing value
of each repetition on habit strength [10, 11]. For example,
Gardner and Lally [10] showed that self-determined regula-
tion had a direct effect on physical activity automaticity,
independent of past behaviour, and also had a indirect effect
by interacting with past behavioural frequency: repetition had
a greater impact on automaticity when behaviours were
regarded as more intrinsically motivating. The current body
of evidence, however, is limited with regard to whether and
which social cognitions outlined in popular models of human
behaviour impact behavioural automaticity directly [10, 12].
Nevertheless, two constructs have consistently been shown to
be strongly associated with (exercise) automaticity, namely
action planning and positive affective attitudes. Both variables
deserve further attention as predictors of automaticity.

Action planning is a prospective self-regulatory strategy in
which an individual mentally links distinct responses to future
environments, so that when those environments are encoun-
tered, the response is initiated. By emphasising this contextual

cue, it has been suggested that action planning strategies
mimic automatic responses derived from repetition [13].
Through this 'strategic automatization', planning when and
where to act should delegate control of action from the indi-
vidual to the contextual cue [14]. Evidence from laboratory
and field studies indeed suggests that planning strategies
ensure that opportunities for action are more likely to be
detected and, once detected, action responses are faster and
more precise [14–16]. For instance, Webb and Sheeran [15]
used a cue-detection paradigm in a laboratory setting and
found that those forming implementation intentions to detect
the selected cue (e.g., the letter F or the number 3) were not
only faster to respond to those cues, but also made fewer
errors. In a field study on breast self-examination (BSE),
Orbell et al. [16] instructed participants to formulate plans
regarding when and where to perform BSE. One month after
these instructions, participants had not only performed BSE
just as they had specified, but these implementation intentions
also mediated the effect of past BSE on future BSE behaviour.
This latter finding suggests that action planning instructions
operate similarly to how habits mediate past and future behav-
iour relationships [17]. In summary, by increasing the likeli-
hood that repetition will be context-dependent, it is conceivable
that planning when and where to act may play a role in
automaticity over and above the influence of past behaviour.

Although increased action planning has been linked to
positive changes in behavioural performance in a variety of
behaviours such as regular physical activity [18, 19], exercise
behaviour [20, 21], alcohol consumption [22] and diet [23],
correlational and experimental action planning studies to date
have mostly used behaviour, rather than automaticity, as a
study outcome. One notable exception is an exercise interven-
tion conducted amongst middle-aged rehabilitation patients
[21], which showed that self-regulatory strategies lead to
small-sized changes in exercise habit strength. However, this
research has limited applicability to the general population
because it focused on patients pursuing exercise as part of a
rehabilitation regime. Understanding whether self-regulatory
strategies are also important for exercise automaticity in other
population segments that undertake exercise behaviour for
preventive, rather than therapeutic purposes, is therefore
needed.

With regard to positive affective attitudes, previous re-
search has indicated that affective attitudes have medium-to-
large effect-sized correlations with exercise habits [12, 24].
This strong relationship is likely due to palatable experiences
with previous exercise behaviour [25], which may act as
reinforcing rewards that both stimulate repeated [exercise]
behaviour and strengthen the impact of repetition on automa-
ticity [10, 11, 26]. That is, cognitive attitudes are based on
behavioural beliefs about fairly long term consequences of
exercising, whereas behavioural beliefs underlying affective
attitudes are usually more immediate [27]. This means that
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affective attitudes are regularly reinforced when an individual
exercises, which is likely to produce higher levels of behav-
ioural consistency and increased chance of automaticity de-
velopment. In addition, affective considerations surrounding a
behaviour have been found to influence action impulsively,
bypassing conscious deliberation processes [28], in a manner
similar to that in which automaticity directs behaviour [5, 29].
In addition, Gardner and Lally's [10] study demonstrated the
interplay between affective rewards and action in influencing
physical activity automaticity among (young) adults: physical
activity behaviours that were more intrinsically regulated, so
resembling more internal enjoyment and satisfaction [30],
were more likely to become automatic. A similar result has
recently been provided by De Bruijn et al. [11], who showed
that the fruit consumption behaviour — habit link was stron-
ger when participants reported more positive implicit associ-
ations with behaviour. Thus, it would appear that behaviours
that are more enjoyable and have more affective properties are
prone to become more automatic. Despite this literature, little
evidence is available into the influence of affective attitudinal
components as outlined in the TPB on exercise automaticity.

The present study was therefore conducted with a focus on
antecedents of exercise automaticity in a sample of university
students. We sought to identify variables that have previously
been shown to be associated with exercise habit, and may
influence automaticity over and above past behaviour, or may
interact with past behaviour (as a proxy for repetition) in
determining exercise automaticity. Next to previous exercise
behaviour, we explored the potential role of action planning
and affective attitude as predictors of automaticity. It was also
decided to model intention, perceived behavioural control
(PBC), and exercise behaviour as potential antecedents of
exercise automaticity for two reasons. First, research on in-
tentions and habits in the exercise domain indicate that strong
exercise intentions facilitate exercise habits, suggesting that
habits need to be supplemented by intentions in the exercise
domain [12, 31, 32]. Second, PBC reflects not only ease of
(exercise) performance, but also control over behavioural
performance [33] and has been found to be a strong correlate
of exercise habits [12]. We also considered interactions be-
tween significant behavioural and social cognitive predictors
of exercise automaticity.

Method

Participants and Procedures

Data using validated questionnaires from undergraduate stu-
dents that participated for course credits were utilised in the
present study. A two-wave data collection was used. At base-
line, measures were taken of PBC, behaviour, intention, action
planning items, and affective attitude towards engaging in

sufficient exercise. At follow-up 2 weeks later, exercise auto-
maticity was assessed. The study was announced during
course meetings in which students were informed that the
study would question them about (their views towards) exer-
cise behaviour. Students were then sent an email containing a
link to an online survey, which took around 10 min to
complete. The link to the survey was also available on
the course Blackboard website. At baseline, 586 participants
(M =21.6 years [SD=2.28], 27.0 % males) provided data.
Twoweeks later, these participants were again contacted using
email and via Blackboard course website. At this follow-up
measurement, 406 participants (M =21.5 years [SD=2.59],
27.4 % males) provided follow-up data, indicating that
28.2 % dropped out. Female participants were more likely to
discontinue participation (odds ratio [OR=1.70]; 95 % confi-
dence interval [CI], 1.10–2.64; p =0.027), but age and study
variables were unrelated to dropout (all p >0.343). The insti-
tutional review board approved the study.

Measures

With the exception of exercise automaticity items, all items for
social–cognitive constructs were worded in terms of engaging
in sufficient exercise in the next 2 weeks. This was defined as
meeting the international exercise guideline of ‘exercising on
at least three occasions per week lasting at least 20minutes per
bout’ [34]: participants were instructed to keep this definition
in their minds when answering the questions. Exercise behav-
iours were defined as activities that are strenuous in nature,
which increase your heart rate, increases the chance of sweat-
ing and make it difficult to talk. Exercise automaticity was
assessed using the Self-Report Behavioural Automaticity In-
dex (SRBAI) [35], a subscale of four items from the Self-
Report Habit Index (SRHI) [17] that has been identified to
reliably measure automaticity. The SRHI has been validated
against response frequency measures and indices of past be-
haviour [17], whilst the SRBAI was validated through a
content validation task and re-analyses of previous SRHI
applications [35]. Participants were requested to indicate to
what extent they agreed (−3 = totally disagree, +3 = totally
agree) with four statements, namely, ‘engaging in sufficient
exercise is something’: (1) I do automatically, (2) I do without
having to consciously remember, (3) I do without thinking,
and (4) I start doing before I realise I am doing it (α =0.91).
Variables from the TPB were used following Ajzen's sugges-
tions. Affective attitude towards sufficient exercise was
assessed with three items that had different stems, namely
very unpleasant (−3) or very pleasant (+3), very unenjoyable
(−3) or very enjoyable (+3), and very stressful (−3) or very
relaxing (+3) (α =0.87). Intention towards sufficient exercise
was assessed with two items, namely whether participants
intended (−3 = no, definitely not; +3 = yes, definitely) and
whether they were sure (−3 = totally disagree; +3 = totally
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agree) to engage in sufficient exercise (α =0.83). Perceived
behavioural control was assessed with two items that mea-
sured ease (−3 = very difficult; +3 = very easy) and control-
lability (−3 = definitely not under one's control; + definitely
under one's control). This scale had good a internal reliability
(α =0.91). Three items assessed action planning , asking par-
ticipants to indicate whether they had (−3 = no, definitely not,
+3 = yes, definitely) made detailed plans of where , when, and
with whom they were going to exercise. The individual plan-
ning items, rather than the mean of the three items, were
modelled as predictors in order to identify whether specific types
of cues — social (with whom), temporal (when) or situational
(where) — would be most relevant for exercise automaticity.
Finally, exercise behaviour was assessed with relevant items
from the International Physical Activity Questionnaire [36],
where participants were asked to indicate how many times they
engaged in vigorous exercise behaviour in the previous 4 weeks
and the time spent exercising on each occasion. An average
amount of exercise in minutes per week was calculated.

Analyses

Basic data description was done by calculating mean scores
and standard deviations for study variables and their bivariate
associations. To study predictors of follow-up exercise auto-
maticity, a sequential linear regression model was computed
with baseline exercise behaviour entered in the first block,
affective attitude, PBC, intention, and action planning items
entered in the second block. Interactions with exercise behav-
iour were entered in the third step and interactions between
social–cognitive variables were entered in the fourth step.
Interactions were computed from mean-centred variables
and were only entered in the regression equation where the
interacting variables had significant main effects. Significant
interactions were decomposed by means of simple slope

analyses following standard procedures [37]. Because the
predictor variables have previously been shown to be highly
correlated [31, 38], variance inflation factors (VIF) were com-
puted to assess potential multicollinearity among main effects,
where VIF >5 was regarded as indicative of multicollinearity
[39].There were no missing data and we controlled for the
influence of age and gender in the regression model.

Results

Descriptives and Bivariate Correlations

Of the participants who provided data at both time-points,
34.5 % (n =140) reported engaging in sufficient exercise at
baseline. Eighty-three participants (20.3 %) reported no en-
gagement in exercise behaviour and 183 participants (45.1 %)
had engaged in insufficient exercise in the 4 weeks prior to the
data collection. Table 1 shows that, with the exception of
affective attitudes, mean scores for study variables were
around midscale value and that mean exercise behaviour in
minutes per week was M =21.45 (SD=22.57). Large-sized
correlations (r >0.50) with follow-up exercise automaticity
were found for intention, PBC, and exercise behaviour, whilst
medium-sized correlations (r between 0.30 and 0.50) with
follow-up automaticity were found for affective attitude and
the action planning items.

Regression Analysis

No VIF scores >5 were observed, so indicating stability of
regression coefficients in the regressionmodel. Table 2 reports
the regression coefficients, standard errors and standardised
regression coefficients for this model. Step 1 showed that
exercise behaviour alone explained 33.8 % of the variance in

Table 1 Mean scores, standard deviations and intercorrelations between study variables and demographics

1 2 3 4 5 6 7 8 9 Mean SD

1. T1 exercise automaticity – −0.67 1.70

2. T0 exercise behaviour 0.58*** – 21.45 22.57

3. T0 PBC 0.63*** 0.67*** – 0.50 1.80

4. T0 affective attitude 0.46*** 0.47*** 0.58*** – 1.39 1.42

5. T0 intention 0.59*** 0.66*** 0.86*** 0.63*** – 0.64 1.90

6. T0 planning when 0.36*** 0.40*** 0.43*** 0.40*** 0.47*** – 0.37 2.09

7. T0 planning where 0.27*** 0.37*** 0.43*** 0.43*** 0.53*** 0.74*** – 0.67 2.10

8. T0 planning with whom 0.26*** 0.31*** 0.31*** 0.33*** 0.38*** 0.65*** 0.67*** – 0.12 2.11

9. Age −0.11** −0.05 −0.06 0.04 −0.01 0.06 0.03 −0.08 – 21.48 2.59

10. Gender −0.19*** −0.19*** −0.14** −0.11 −0.15** 0.02 0.05 −0.03 −0.16** – –

Exercise behaviour is in minutes per week. Gender is coded as 0 = male and 1 = female. Scores for study variables ranged from −3 to +3

*p <0.05, **p<0.01, ***p <0.001
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exercise automaticity (β =0.58, p <0.001). In the second step,
PBC (β =0.32, p <0.001), affective attitude (β =0.12,
p =017), and the action plan referring to when (β =0.16,
p =0.009) and where (β =0.23, p <0.001) were additional
significant predictors of exercise automaticity, next to exercise
behaviour (β =0.25, p =0.002). Intention did not significantly
predict exercise automaticity (β =0.09, p =0.256). The addi-
tion of these variables significantly increased (Fchange=16.62,

df =6, p <0.001) the amount of explained variance to 46.1 %.
The third step did not significantly increase the amount of
explained variance (Fchange=0.15, df =4, p =0.965) and re-
vealed nonsignificant interactions between significant social–
cognitive variables and exercise behaviour (all p >0.635).
Adding the interactions between the significant social–cogni-
tive variables in the fourth step of the regression model sig-
nificantly (F change=2.93, df =2, p =0.008) increased the

Table 2 Unstandardized regres-
sion coefficients, standard error
(SE) and standardized regression
coefficients for baseline predic-
tors of follow-up exercise auto-
maticity and R2- and F-change
value

Interactions were only entered
when significant main effects of
their constituent variables were
found in Step 2. Gender and age
are controlled for but not reported

PBC perceived behavioural
control

*p <0.05, **p<0.01,
***p <0.001

Step Predictor b (SE) β R2 change F change

Step 1 0.30 183.55***
Exercise behaviour 0.04 (0.00) 0.56***

Step 2 0.14 17.35***
Exercise behaviour 0.02 (0.00) 0.23**

PBC 0.28 (0.07) 0.30***

Affective attitude 0.15 (0.06) 0.12*

Intention 0.10 (0.07) 0.10

Planning when 0.17 (0.05) 0.20**

Planning where 0.20 (0.05) 0.25***

Planning with whom 0.03 (0.04) 0.04

Step 3 0.00 0.11
Exercise behaviour 0.02 (0.01) 0.20***

PBC 0.30 (0.07) 0.31***

Affective Attitude 0.15 (0.07) 0.12*

Intention 0.09 (0.07) 0.11

Planning when 0.16 (0.06) 0.20**

Planning where 0.19 (0.06) 0.24**

Planning with whom 0.04 (0.04) 0.04

PBC × Exercise behaviour 0.00 (0.00) 0.03

Affective attitude × Exercise behaviour 0.00 (0.00) 0.01

Planning when × Exercise behaviour 0.00 (0.00) −0.03
Planning where × Exercise behaviour 0.00 (0.00) 0.00

Step 4 0.02 2.94**
Exercise behaviour 0.03 (0.01) 0.30***

PBC 0.28 (0.07) 0.27***

Affective attitude 0.14 (0.07) 0.13*

Intention 0.07 (0.07) 0.08

Planning when 0.11 (0.06) 0.18

Planning where 0.17 (0.06) 0.24**

Planning with whom 0.06 (0.04) 0.05

PBC × Exercise behaviour 0.00 (0.00) −0.11
Affective attitude × Exercise behaviour 0.00 (0.00) 0.07

Planning when × Exercise behaviour −0.01 (0.00) −0.16
Planning where × Exercise behaviour 0.00 (0.00) −0.08
PBC × Planning when 0.10 (0.04) 0.23**

PBC × Planning Where 0.00 (0.03) −0.01
PBC × Affective attitude 0.04 (0.04) 0.06

Planning when × Planning where 0.00 (0.02) 0.00

Planning when × Affective attitude −0.04 (0.04) −0.07
Planning where × Affective attitude −0.06 (0.04) −0.11
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amount of explained variance to 47.2 %. This final step
revealed nonsignificant interactions for all of the computed
interactions terms (all p >0.251), with the exception of the
interaction between PBC and the action plan referring to when
to exercise (β =0.22, p =0.006).1 The decomposition of this
significant interaction revealed that planning was a significant
predictor of exercise automaticity at low levels of PBC
(β =0.18, p =0.002), but weaker at mean levels of PBC
(β =0.10, p =0.019) and nonsignificant at high levels of PBC
(β =0.06, p =0.298).

Discussion

The main purpose of the present study was to identify whether
relevant social–cognitive variables were predictive of exercise
automaticity in a sample of young adult undergraduate stu-
dents, next to previous exercise behaviour. A focus on these
social–cognitive variables was deemed appropriate because
previous research has proved their relevance for repeated
exercise behaviour. In line with earlier empirical evidence
and theoretical postulations [4], results showed that exercise
behaviour was an important predictor of exercise automaticity,
accounting for about a third of the variance in exercise auto-
maticity. In their earlier meta-analysis on habits, Ouellette and
Wood [4] reported a summary r of 0.59 between past behav-
iour and future behaviour in stable contexts. Our results dem-
onstrate that past exercise behaviour has a similar relationship
with exercise automaticity, highlighting the relevance of be-
havioural repetition in automaticity development [5, 29]. Per-
haps more importantly, various social–cognitive variables
were also predictive of exercise automaticity, over and above
the influence of past behaviour. In particular, planning when
and where to exercise, as well as PBC and affect, added
significantly to the regression model and explained some
12 % of additional variance in exercise automaticity.

Despite the fact that intention was a large effect-sized
correlate of exercise behaviour in the bivariate model, inten-
tion did not predict exercise automaticity in the multivariate
model. Although socio-cognitive models postulate that an
intention construct is the most important determinant of
(exercise) behaviour, empirical evidence from meta-
analytical work has provided more limited support for this
postulate regarding exercise behaviours [40, 41]. For instance,
Rhodes and De Bruijn [40] reported that nearly half of those
with positive physical activity intentions are unable to follow-
up on these intentions. Perhaps more importantly, Rhodes and
Dickau [41] found that medium-effect sized changes in exer-
cise intention led to only trivial changes in exercise behaviour.

Although the intention construct as assessed in contemporary
models may fail to capture resolve to proceed with exercise
decisions in the face of constraints or other demands [42],
there is also evidence that intention may become less relevant
for behaviours that have been maintained for a longer period
[43] and therefore likely to have become habitual [4].

Reflecting previous evidence on the relevance of PBC for
the initiation and maintenance of exercise behaviour [12, 44,
45], PBC was the strongest predictor of exercise automaticity,
where the decision to engage in exercise behaviour requires
minimum deliberation. Development of behavioural automa-
ticity depends on situational consistency [4] and because PBC
typically reflects situational control over behaviour [33], ex-
ercise performance in situations that are easily accessible may
thus be more likely to be conducive to becoming automatic.
Likewise, our findings also demonstrate that individuals that
plan to enact exercise behaviour in response to specific cues
end up with more automatic exercise behaviours. Our findings
are in line with habit formation models and studies [4, 46] and
suggest that temporal (e.g., Tuesday evening at 8 o'clock) and
situational (e.g., local gym) cues, rather than social cues, may
be most relevant cues for strengthening exercise automaticity.

Although these results suggest that simultaneously
emphasising controllability and planning may be a fruitful
intervention priority when targeting exercise automaticity,
the decomposition of the significant interaction between plan-
ning when to exercise and PBC showed that planning became
less predictive of exercise automaticity when people were
more confident in their ability to engage in sufficient exercise.
This counters evidence from studies on other behaviours such
as dental hygiene [47] and diet [48], where higher levels of
planning were more strongly related to behaviour when
matched by higher levels of PBC. It should be noted, however,
that these latter studies focused on frequency of behaviour,
rather than the automaticity with which the behaviour was
performed. As noted, automaticity of behaviour is conceptu-
ally distinct from frequency of behaviour [49]. Potentially,
constructs such as planning and PBCmay operate and interact
differently across various phases of behaviour change, such as
initiation, maintenance, and automaticity [45].

Despite their correlational nature, the results of the present
and other recent studies point to a temporal conceptual model
through which motivation, behaviour and socio-cognitive fac-
tors interrelate in a temporal order to lead to exercise habits
[45]. That is, exercise habit formation may be reliant on
motivation and specific self-regulation instructions in the ini-
tial exercise adoption phase, where preparatory and action
planning foster initial behavioural changes, but then an em-
phasis shift to self-efficacy considerations and coping plan-
ning strategies would be needed for maintenance and habitu-
ation [45]. Indeed, our findings suggest that, when exercise
has become automatic, experiencing a sense of exercise con-
trollability may knock an individual out of self-regulatory

1 When adding interactions for nonsignificant main effects to the regres-
sion equation, there were no additional significant interactions in the
regression equation (all p-values for these interactions >0.21).
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action planning mode. As a result, action planning strategies
may be misplaced in individuals who engage in exercise
automatically and who have a strong perception of exercise
control.

Several limitations need to be acknowledged. The first
limitation is the reliance on self-report data, which may be
influenced by memory biases. For instance, we assessed ex-
ercise behaviour using the International Physical Activity
Questionnaire (IPAQ), which has been found to correlate quite
well with energy expenditure derived from doubly labelled
water techniques, but also has a systematic bias towards
underreporting of physical activity, particularly at vigorous
levels [36]. Likewise, exercise automaticity was measured
using participants' retrospective reflections on the automatic-
ity of exercise behaviour [35], but concerns have been raised
about the validity of self-reporting automaticity [50] and
mixing automaticity of action with automaticity of initiation
[51]. For instance, it is unlikely for people to engage in long
bouts of exercise behaviour without actually being aware of
doing so. Likewise, both the SRBAI and the SRHI do not
include contextual cueing of behaviour, thereby potentially
reflecting behavioural action across contexts [50]. Although
these habit scales are useful for large-sized population studies
[35], it would be desirable to see if our results are invariant to
other ways of measuring habit. A second limitation relates to
the current sample of the study, an undergraduate student
sample that was predominantly female. Notably, a meta-
analysis of self-regulatory strategies in the physical activity
domain showed that these strategies are more likely to be
effective in undergraduate student samples [19] and so the
influence of action planning strategies on exercise automatic-
ity may operate differently in other age groups. Replication of
our findings in other samples is thus warranted. Third, the
present study used correlational data and, although we
employed a prospective design, such designs cannot be relied
upon to demonstrate causality of relationship for established
and ongoing behaviours, where behavioural frequency, habit
and motivation are likely to be stable over time [52]. For
instance, the direct effect of the two planning items and PBC
on exercise automaticity may also indicate methodological
issues, in which past behaviour alone is potentially an inade-
quate proxy for context-dependent repetition. The present
results should therefore be viewed as initial efforts that should
inform more rigorous experimental tests of these relationships
using longitudinal habit formation designs [52]. Finally, past
exercise behaviour was assessed at baseline regarding the
previous 4 weeks, which may not adequately have captured
longer-term repetition history. Despite these limitations, this
study is one of the first to detail social–cognitive predictors of
exercise automaticity above and beyond repetition of behav-
iour. Whereas the main effects on automaticity were generally
in line with studies on frequency and duration of behaviour,
the trade-off between PBC and action planning in determining

exercise automaticity may point to the fact that social–cogni-
tive variables in part interact differently from automaticity of
behaviour than for mere frequency of behaviour.
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