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Methods: Behaviour frequency was assessed across five
timepoints, retrospectively (Time 1 [T'1], T5) or via daily diary
data (uploaded weekly at T2, T3 and T4). Habit strength was
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assessed before (T'1) and immediately after the interven- s
tion (T4), and again 2weeks later (T5). Analyses of variance :
were run, with time and context specificity as within-subject 2
factors, and habit and behaviour frequency as dependent ]
measures. :

Results: An interaction between time and context speci-
ficity was found in both analyses (habit: F(2,114) = 12.848,
p<.001, partm? = .184; behaviour: F(2,114) = 6.714,
p = .002, partn> = .105). Expected habit forma-
tion patterns 5weeks post-baseline were only detected by the
context-specific habit measure. Likewise, increased behav-
iour frequency was only found when the target context was

specified (p's <.001).
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Conclusions: Assessments of purposeful dietary habit
and behaviour change attempts should incorporate
context-specific measurement.

KEYWORDS
automaticity, behaviour change, fruit consumption, habit, habit formation,
health behaviour, measurement, prospective study

Statement of Contribution

What is already known?

e Forming a fruit consumption habit should sustain fruit intake over time.
* Habits are based on context-behaviour associations.
e Habit measures typically fail to assess context.

What this study adds

e This study modelled fruit consumption habit formation and behaviour following an
intervention.

¢ Context-specific habit measures were more sensitive to expected patterns of habit change
than were context-free measures.

* Habit formation studies should include context-specific measures.

BACKGROUND

Regular consumption of fruit can prevent chronic diseases including various forms of cancer and cardi-
ovascular disease (Van Duyn & Pivonka, 2000; Yahia et al., 2017). Nutrition guidelines recommend that
people consume five pieces of fruit and vegetables daily (i.c., at least 400g; World Health Organiza-
tion, 2003), yet few people meet this goal (Bechthold, 2012). Interventions are needed to increase fruit
consumption (Broers et al., 2017). Dietary interventions tend to have positive short-term effects (e.g.,
Kumanyika et al., 2000), but these often erode over time, as people lose motivation and lapse into old
eating patterns (Jeffery et al., 2000). To realize their potential to improve health, dietary interventions
must have lasting effects.

Habit formation is thought to be a mechanism for long-term behaviour change (Carden & Wood, 2018;
Kwasnicka et al., 2016; Wood & Neal, 20106). ‘Habit’ has been defined as the process by which exposure
to a context activates an impulse to act, based on context-action associations learned through repeated
performance, and ‘habitual behaviout’ describes actions generated by that process (Gardner, 2015).
Habit prompts behaviour automatically, potentially in the absence of intention, conscious control or
awareness, and with minimal cognitive effort (Bargh, 1994). By virtue of its automaticity, habit has two
key effects on behaviour (e.g., Gardner, Lally, & Rebar, 2020). Stronger habits prompt action in associ-
ated contexts, such that the action is more likely to be elicited in such contexts (Triandis, 1977). Further-
more, habits can prompt action even where people lack the conscious motivation to act (Gardner, Lally,
& Rebar, 2020; Gardner, Rebar, & Lally, 2020; Neal et al., 2011). Predictive studies show that habit
strength correlates positively with behaviour frequency, and that habit can override intentions (Gardner
et al.,, 2011; Gardner, Lally, & Rebar, 2020; Gardner, Rebar, & Lally, 2020). These two effects largely
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HABIT FORMATION IN CONTEXT | 3

underpin current interest in habit from a behaviour change perspective: if new, health-promoting behav-
iours become habitual, they will likely persist over the long term, by compensating for any motivation
loss that might otherwise lead to disengagement (Carden & Wood, 2018; Kwasnicka et al., 2016; Wood &
Neal, 2010).

Promoting fruit consumption habits requires an understanding of how habit forms (e.g., Gardner &
Lally, 2018; Lally & Gardner, 2013). Habitual behaviours develop through a process of ‘context-dependent
repetition’ (Keller et al., 2021; Lally et al.,, 2010): performance in a specific context reinforces the
context-action association in memory (Rebar et al., 2016; Wood et al., 2014), such that alternative options
become less accessible in memory, and the learned response becomes the default (Danner et al., 2008).
A seminal study suggested that the relationship between behavioural repetition and habit formation is
asymptotic (Lally et al., 2010). Participants formed plans to enact a self-chosen dietary or physical exer-
cise behaviour in response to a cue consistently encountered once daily, and reported habit strength each
day. The typical habit development trajectory was characterized by rapid initial gains, which slowed until
a plateau was reached. The average time taken to reach the plateau was 66days, but the observed range
(18-254 days) indicated considerable variation in habit formation experiences (Lally et al., 2010). Subse-
quent research has sought to explore sources of variation in habit formation trajectories (e.g;, Fournier
et al., 2017) or explore the reproducibility of the asymptotic habit growth curve (e.g., Keller et al., 2021;
for a review, see Gardner et al., 2022). Such studies are important for understanding how to promote
habit, and thereby maintain behaviout. For example, Lally et al.'s (2010) asymptotic habit growth curve
implies that intervention providers should offer the most intensive support in the early stages, but that
support can be withdrawn as the habit peak is reached, as the behaviour should become self-sustaining
(Gardner, Rebar, & Lally, 2020). Yet, another study observed that no common habit formation trajectory
could be found (Schnauber-Stockmann & Naab, 2019). This suggests that motivational support may need
to be personally tailored, to best suit each participant's idiosyncratic habit formation growth curve. More
research is needed to develop a clearer understanding of the habit formation process.

Modelling the formation of fruit consumption habits requires valid and reliable measures that are
sensitive to expected change. Cued automaticity:

that is, rapid, non-reflective responding triggered by
environmental stimuli—represents the ‘active ingredient’ of habitual action (Orbell & Verplanken, 2010).
Habitual behaviours are consistently performed because they are prompted by impulses directly triggered
by associated cues (e.g.,, Neal et al., 2011; Rees et al., 2018; Verplanken & Roy, 2016). Capturing a habitual
response depends on assessing the automaticity of cue responses and the cues that trigger the response.
‘Frequency in context’ measures assess habit as the multiplicative product of performance frequency and
context stability (Labrecque & Wood, 2015; Ouellette & Wood, 1998) but do not capture automaticity.
The Self-Report Behavioural Automaticity Index (SRBAI; Gardner et al., 2012)—and its parent scale, the
Self-Report Habit Index (SRHI; Verplanken & Orbell, 2003)—tap automaticity, via assessment of partic-
ipants' agreement with statements regarding the ‘symptoms’ of automatic responding. Yet, as commonly
formulated—e.g,, ‘Behaviour X is something I do without thinking” (Verplanken & Orbell, 2003)—SRBAI
items neglect cues (Snichotta & Presseau, 2012). The same dietary behaviour (e.g., eating popcorn) may
be habitual in one context (e.g,, when visiting the cinema; Neal et al., 2011) but deliberative in another
(e.g., when bored). Context-free SRBAI items summarize automaticity across contexts (e.g, ‘habitual
popcorn consumption’) so may underestimate the automaticity of habitual responses in one setting
(cinema-cued popcorn consumption) and overestimate automaticity of non-habitual responses in other
settings (boredom-based consumption). Context-free measures would be expected to lose sensitivity to
specific cue responses due to the omission of contextual elements. The SRBAI can be augmented to
specify cues (‘Behaviour X in Context Y is something...’; Snichotta & Presseau, 2012), but few studies
have done this. In theory, any behaviour can become a habitual response to any cue (Verplanken, 2005),
making it potentially difficult to identify relevant cues (Stawarz et al., 2020). However, where cues are
known—for example, where participants or researchers identify specific settings in which a behaviour
will be repeated as part of a purposeful habit formation attempt (e.g., Keller et al., 2021; Lally et al., 2010;
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4 | DIEFENBACHER ET AL,

Phillips et al., 2019)—context-specific habit measures should in theory offer more accurate estimates of
changes in the strength of specific habit associations over time.

The present study

The aim of this study was to compare the sensitivity of context-specific and context-free habit and behav-
iour measures to anticipated changes in fruit consumption automaticity and behaviour, following a habit
formation intervention. It is important to establish which measures are most sensitive to change because
insensitive measures may provide misleading findings (see Gardner et al., 2022). An effective dietary habit
formation intervention may be erroneously disregarded if, due to measurement error, it appears not to
enhance positive dietary habits. Participants were supported to form habits for eating one piece of fruit
daily (behaviour) at a self-chosen mealtime (cue) and were tracked over 5weeks. The intervention sought
to promote a ‘higher-order’ habit, in that we wished to instil habitual impulses to eat fruit with the speci-
fied meal while permitting flexibility regarding which specific fruit would be consumed on each occasion
(see Phillips et al., 2019). We assumed that, following a planning intervention, participants would form
cue-behaviour associations for eating one piece of fruit daily (behaviour) at a self-chosen mealtime (cue;
Lally et al., 2010). We expected that, following the intervention, context-specific sabit measures would
more clearly show patterns of expected growth than would context-free measures. We also assessed
context-specific and context-free bebaviour measures because we anticipated that they would track differ-
ent aspects of behaviour change. That is, context-specific measures should capture engagement in the
behaviour in the target context, whereas context-free measures should capture engagement in the behav-
iour both in the target context and in any other context.

METHODS
Design

A longitudinal, repeated measures design was used, whereby all participants completed context-specific
and context-free measures of habit strength and behaviour frequency.

Participants

Participants were recruited in December 2018 via clickworker.de, a German-language recruitment plat-
form open to the general public, and provided written informed consent. The study involved five meas-
urement periods over 5weeks, comprising three online questionnaires, and two intermediate reports of
diary monitoring. Participants who completed all measures received 2€. All procedures were deemed
ethically satisfactory according to procedures at the host institution.

Of 126 participants who completed the Tl questionnaire, 58 completed all measures (46.0% of
o = 35.3years, SDage = 11.0, range: 19 to 62years; 58.6% male, 39.7% female, 0% other,
1.7% missing). Participants were mostly employed or self-employed (63.8%), and 24.1% were university

initial sample, M,
students. Attrition analyses indicated that those who dropped out reported greater context-specific daily
fruit consumption at T1 (M = .44, §D = .36) than did completers (M = .31, SD = .35; p = .042), but no
other differences were found (all p's > .14).

Procedure

Table 1 presents an overview of the different study timepoints and measures.
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6 | DIEFENBACHER ET AL,

Time 1 (T1): baseline questionnaire and intervention

At T1, participants completed context-free measures of habit and behaviour. Next, they chose a meal
(i.e., breakfast, lunch or dinner) after which they did not currently eat fruit, to be used as the cue to a
new habit of eating a piece of fruit daily. Sixteen participants selected breakfast (27.6%) as their target
meal, 23 lunch (39.7%) and 19 dinner (32.8%). The chosen meal was used to personalize subsequent
context-specific behaviour and habit measures (i.e., ‘after breakfast’, ‘after lunch’ or ‘after dinner’).

Next, participants formed implementation intentions (Gollwitzer, 1999), pairing the target meal-
time with the act of consuming one piece of fruit, to facilitate initial context-specific performance and
create preliminary context-behaviour associations (Adriaanse & Verhoeven, 2018; Rebar et al., 2016; Rees
et al,, 2018). An example was provided to aid comprehension (i.e., ‘Always after finishing my [breakfast/
lunch/dinner], I will eat one portion of fruit’). To reinforce the implementation intentions, participants
were shown four photographs depicting typical representations of the respective meal, and four photo-
graphs depicting different fruit types, and were asked to select the photographs most correspond with
their implementation intention. Participants were given a printable paper diary, to keep a daily record over
the following 3weeks of consumption of a portion of fruit after the chosen meal (i.c., context-specific
behaviour) and at any other times during the day (i.e., context-free behaviour).

T2 (T1+ 1w) and T3 (T'1 + 2w): diary monitoring

At T2 and T3, participants received email prompts to log diary data online, thus generating discrete
reports of daily context-specific and context-free behaviour data.

T4 (T1+ 3w): diary monitoring and end-of-intervention questionnaire

At T4, 7 days after the second diary monitoring prompt, a third email prompt was sent to log diary data
online (as at T2 and T3) and to complete a questionnaire comprising context-specific and context-free
habit measures.

T5 (T1+ 5w): follow-up questionnaire

At the final timepoint, participants completed context-specific and context-free habit and behaviour
measures.

Measures
Habit

Context-specific and context-free habit measures were assessed (at T1, T4 and T5) using the SRBAI
(Gardner et al., 2012), an automaticity-specific 4-item subset of the SRHI (Verplanken & Orbell, 2003).
Context-specific item stems wete personally tailored to each patticipant's chosen mealtime cue: ‘eating
fruit affer [breakfast/ lunch/ dinner] is something...” (e.g., *...1 do automatically’), whereas context-free items
followed the stem ‘eating fruit is something...”. Responses were provided on a 7-point Likert scale (1 [does
not apply at all—7 [completely applies]). Reliability was good (context-specific: a range across timepoints:
.95-97; context-free: a range .91-.93). Mean scores were computed for analysis purposes.

Q0 '2828Yv02

wouy

SUONIPUOD PUB SLB L B4} 895 *[2202/TT/82] U0 ARIGIT8UIIUO MBI ‘S0INRS AIq1T 10N U0PUO] 3801100 AISBAIN Ad 269ZT dUIA/TTTTOT/I0PALIOY B | A

o,

pue:

35UB017 SUOWIWLOD 3AIEa.D 3|geal [dde auy Aq paussnoh a1e sapie O ‘88N JO Sa|n. oy ARiqi] auljuQ A3|Im uo



HABIT FORMATION IN CONTEXT 7

Behaviour

Behaviour was measured as actual fruit consumption. At T'1 and T’5, the context-specific measure asked
whether participants had eaten a piece of fruit after their target meal (yes/no) on each of the previous
5days, and the context-free measure asked about the total number of portions eaten on those 5days. For
both measures, scores were computed to reflect daily fruit consumption.

At T2, T3 and T4, behaviour was reported using diary data. First, participants reported whether, on
each of the last 7days, they had eaten a piece of fruit after their target meal. Second, they entered the
number of portions they had eaten 7 addition to fruit consumed after their target meal on each day. The
context-specific measure was calculated as the daily consumption of fruits in the target context. The
context-free measure was calculated by summing all reported fruit consumption on each day. For analysis
purposes, the behaviour reported during the intervention phase in the weekly diaries was averaged across
all three diaries (i.e., covering periods T1-T2, T2—T3 and T3-T4) for analysis purposes. We refer to these
as “T2-T4’ data from hereon.

Analyses

To evaluate behaviour and habit development over time as a function of context specificity, 3 (time) X 2
(context specificity) repeated-measure ANOVAs were calculated. For habit, the ANOVA compared T1,
T4 and T5 measures with and without context and evaluated the time*context interaction. For behav-
iour, the ANOVA compared data from T1, T2-T+4 (i.c., diary entries averaged across T2, T3 and T4) and
T5 measures with and without context and evaluated the time*context interaction. Post hoc analyses
for time*context and context*time effects were conducted by applying Bonferroni correction. Statistical
power for the performed analyses was determined using the Generic F test option of G*Power 3.1 (i.e.,
post hoc, given «, non-centrality parameters and dfs). For habit, the power to detect main and interaction
effects reported below was at least 93% and for behaviour at least 87%.

RESULTS
Tracking habit development using context-specific and context-free measures

Main effects of both time (F(2,114) = 7.900, p<.001, partm®* = .122) and context specificity
(F(1,57) = 39.751, p<.001, part,? = .411) on habit were qualified by an interaction between time and
context specificity (F(2,114) = 12.848, p<.001, part.n?® = .184; see Figure 1a). For the context-specific meas-
ure, habit marginally increased from T1 (M = 2.77, §D = 1.77) to T4 (M = 3.27, §D = 1.73, p = .060) and
further increased from T4 to T5 (M = 3.83, SD = 1.72, p = .002), leading to an overall increase between
T1 and T5 (p<.001). No differences were found for context-free habit between T1 (M = 4.00, SD = 1.506)
and T4 (M = 3.80, §D = 1.69), nor T1 and T5 (M = 4.16, SD = 1.67; ps = 1.000), though an unexpected
increase was observed between T4 and T5 (p = .04). Thus, the context-specific measure demonstrated
sensitivity to assumed change but the context-free measure did not. Differences between context-specific
and context-free habit values were significant at all three measurement points (ps = .002): context-free
values were consistently higher than context-specific values, though the magnitude of the difference
diminished over time (see Figure 1a).

Tracking initial behaviour change and behaviour maintenance using
context-specific versus context-free measures

Main effects of both time (F(2,114) = 6.494, p = .002, part.n* = .102) and context (F(1,57) = 122.946,
»<.001, partn? = .683) were qualified by an interaction between time and context specificity
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8 | DIEFENBACHER Et AL.
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FIGURE 1 Development of habit (a) and behaviour (b) over time by context specificity (means and 95% confidence
intervals)

(F2,114) = 6.714, p = .002, part.n? = .105; see Figure 1b). Post hoc comparisons showed context-specific
daily behaviour to increase significantly between T1 and T2-T4 (M = .61, §D = .27) and remain elevated
at T5 (M = .65, SD = .37) compared with T1 (M = .31, §D = .35, ps <.001). For context-free behaviour,
there were no differences between T1 (M = 1.23, §D = .90) and T2-T4 (M = 1.37, §D = .68, p = .09),
nor between T1 and T5 (M = 1.21, SD = .78), nor T2-T4 and T5 (ps=.20). Thus, the context-specific
measure of behaviour detected expected early changes, while the context-free measure suggested that no
changes in behaviour had occurred. Unsurprisingly, given that context-free behaviour values represent
context-specific performances and all other occurrences, context-free behaviour scores were consistently
higher than context-specific behaviour scores at all measurement points (ps <.001; see Figure 1b).

DISCUSSION

This study demonstrated that, when tracking the development of fruit consumption habits, augmenting
habit and behaviour measutres to incorporate specific cues enhanced their sensitivity to expected patterns
of initial behaviour change, habit formation and behaviour maintenance. We provided participants with
an intervention that promoted context-consistent behaviour repetition, which is both theoretically neces-
sary and practically sufficient for the habit to form (Adriaanse & Verhoeven, 2018; Judah et al., 2013;
Lally et al., 2010; Rees et al., 2018). Context-specific measures, which included the meal cue chosen by
cach participant (i.e., after breakfast, lunch or dinner), revealed the sustained gains in automaticity that
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HABIT FORMATION IN CONTEXT | 9

we expected, but context-free measures did not. Similarly, context-specific measures detected sustained
increases in fruit consumption in the target context in response to the intervention, but context-free
measures of overall fruit consumption did not show any behaviour change. These findings demonstrate
that studies of habit formation and behaviour maintenance may produce different findings according to
the sensitivity of habit and behaviour measures to context-consistent performance. Conversely, they high-
light the risk of generating misleading findings when tracking habit change using context-free measures,
which may prompt erroneous conclusions that the intervention was unsuccessful in promoting habit or
behaviour change. Our findings demonstrate the importance of using measures sensitive to the specific
situational contexts in which new habits develop (see Snichotta, 2009).

Absolute habit scores were notably weaker for context-specific than context-free measures. At
preintervention, such findings are unsurprising, Fating fruit was not a novel behaviour for our partic-
ipants, and they chose to form habits in a context in which they did not already eat fruit on a regu-
lar basis. Assuming that context-free measures capture responses across multiple contexts, participants
should have reported weaker habits in the chosen new context than across all possible contexts (Lally &
Gardner, 2013). It is, however, less clear why context-specific habit was weaker than context-free values
following the intervention. A habit forms when a specific action is enacted in a specific situation (Gardner
et al., 2022), such that a context-specific measure of automaticity—i.e., the extent to which the action is
triggered automatically upon exposure to situational cues—should better capture habit (Snichotta, 2009).
One possibility is that, when responding to these items, participants do not estimate the average strength
of habit across contexts but rather summate accessible context-specific responses. It may be, for example,
that some fruit consumption episodes—for example, habitually eating a piece of fruit with breakfast—are
particularly salient or memorable, which enhances their availability in memory when estimating overall
automaticity (see Gardner & Tang, 2014). This would suggest that our observed findings represent meth-
odological artifice arising from errors in reflecting on automaticity. An alternative explanation is that gains
in habits in one context may transfer to other settings. It may be that successful habit gains in one context
(e.g., eating fruit with breakfast) inspire people to attempt to form additional habit associations in other
contexts (e.g, eating fruit as a snack in the mid-afternoon). Alternatively, habit associations formed in
response to one specific mealtime may, through a process of cue generalization, be extended such that it
is cued by any mealtime (Bouton & Todd, 2014).

One surprising finding was that, using both context-specific and context-free measures, habit
strength was observed to increase between the end of the intervention petriod (3weeks post-baseline)
and a follow-up point 2weeks later (5weeks post-baseline). Habit is thought to form along an asymptotic
growth curve, whereby early repetitions cause the greatest habit gains, which level off as a peak is reached
(Fournier et al., 2017; Lally et al., 2010). Alternatively, it may follow a quadratic curve, whereby the habit
peak is followed by a slight decline in habit strength (Keller et al., 2021). The delayed strengthening of
habit that we observed does not fit either an asymptotic or quadratic pattern. Context-free measures
should, in theory, capture habitual performance across multiple contexts. It might therefore be argued
that, for context-free measures, growth at later stages might reflect that, inspired by the development of
fruit consumption habits in their chosen context (e.g., eating fruit after breakfast), participants adopted
new fruit consumption habits in other contexts (eating fruit as an afternoon snack). However, delayed
gains in habit strength were observed using both context-free and context-specific measures, suggesting
that such increases occurred in the chosen context. It is not immediately clear why such effects should
have been observed. One potential explanation is that the mindful self-monitoring of behaviour that was
required of participants during the intervention period suppressed the development of automaticity such
that, when the intervention period ceased, fruit consumption became a less mindful, more automatic
response. Further research is, however, needed to establish the replicability of delayed fruit consumption
habit formation and, if replicated, investigate potential explanations for such effects.

Our findings suggest that the formation of fruit consumption habits may be best detected by
context-dependent measures. We therefore recommend the use of context-specific measures when
assessing the effects of fruit consumption interventions on habit and behaviour maintenance. While our
study focused on ‘making’ fruit consumption habits, our findings also have important implications for
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tracking the ‘breaking’ of habits (Adriaanse & Verhoeven, 2018; Bayer et al., 2022). Habit associations can
be ‘broken’ by directly substituting an old for a new habit (Wood & Neal, 2007). This process involves
overwriting an old habitual response by consistently performing a new response to the same cue until
the new response assumes dominance over the old response in memory (Gardner, Rebar, & Lally, 2020).
Context-specific measures are likely to be useful for monitoring the concurrent degradation of old habit
associations and the formation of new responses. However, we acknowledge two important caveats to the
generalizability of our findings, surrounding the superiority of context-specific fruit consumption habit
measures, to habitual behaviours more broadly. Firstly, fruit consumption can feasibly be undertaken in
many different contexts, and so, context-specific and context-free measures would be expected to yield
different values. For behaviours that occur in few contexts—for example, flossing, which typically occurs
once daily as part of a morning or evening routine, in a bathroom (Judah et al., 2013)—context-specific and
context-free scores would be expected to be highly similar. For such behaviours, context-specific measures
may confer little advantage over context-free measures. Secondly, we were able to model context-specific
responses because, as part of our intervention, we offered participants three researcher-selected options
regarding settings in which to form new habits (i.e., three mealtimes; Gardner & Lally, 2018). It is difficult
to assess context-specific responses where cues are not known. This is not necessarily easily remedied
by asking participants to identify cues: due to the automatic nature of habitual responding, people may
lack insight into the cues to their habitual responses (Adriaanse & Verhoeven, 2018; Hollands et al., 2016;
Snichotta & Presseau, 2012). Context-specific measures that focus on the ‘wrong’ cue—e.g,, assessing
habitual fruit consumption after breakfast, among people who have formed habits for eating fruit at
lunchtime—will likely overlook habitual responses to other contexts.

Although we recommend incorporating context into habit measures when studying habit change,
informative assessment of behaviour might require both context-specific and context-free measures.
Our results indicated that, while fruit consumption in the chosen context increased, the absence of an
increase in context-free consumption suggests that participants may have compensated by reducing fruit
consumption in other contexts (e.g., Prinsen et al.,, 2019). Any such compensatory effects would not
be detected by a context-specific measure. Researchers should consider employing both generic (i.e.,
context-free) and context-specific behaviour frequency measures for a more comprehensive account of
the impact of context-specific interventions on behaviour.

Limitations must be acknowledged. We relied on self-report measures of fruit consumption, but it is
well-documented that self-reports overestimate engagement in healthy behaviours (L.echner et al., 1997).
Although participants completed daily fruit consumption diaries, which we assumed would capture
consumption more accurately than a single retrospective report of the past 7days (Miller et al., 2008),
any attempts to replicate our study should use more objective fruit consumption measures (e.g., Phillips
et al., 2019). However, while self-report may have overstated fruit consumption per se, there is no reason
to believe that biases in reporting produced differences in scores on the two habit indices or their appar-
ent sensitivity to habit change.

Another limitation is that the study took place over just 5weeks. Future studies might investigate the
importance of context for habit change across longer periods. One study found that, over a 12-week
period, habit formation followed a quadratic growth curve, with early rapid gains slowing to a peak
before deteriorating at around 8 weeks, albeit to a level higher than the baseline (Keller et al., 2021). Our
measurement of habit formation over a period of just 2weeks will have overlooked such longer-term
patterns of habit change. Additionally, conducting the study online may have biased our sample towards
younger, more technologically literate people. However, there is no reason to expect the habit formation
process to differ between younger people versus others. Studies demonstrate evidence of formation—
and reliable self-reporting—of new habits for young people (e.g., Gardner et al., 2014) and older adults
alike (e.g;, Matei et al., 2015). Potential age effects should not therefore affect the validity of our central
finding, that context-specific measures may be more useful than context-free measures. Lastly, data were
partly collected over the Christmas and New Year period, which for many is characterized by atypical
behavioural patterns and contexts (e.g:, visiting relatives), which may have reduced the impact of the
intervention, and habit development more broadly.
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CONCLUSIONS

This study testifies to the importance of specifying the target context when tracking changes in fruit
consumption habits and behaviour over time. Context-free habit measures likely lack the sensitivity to
document gains in cued automaticity, the ‘active ingredient’ of habitual action. To capture the behav-
iour that leads to this habit change, context-specific behaviour measures are needed. We suggest that
researchers monitoring changes in habit strength, in relation to fruit consumption and other behaviours,
consider accounting for specific cues to habitual responses in their measures. It may, however, also be
informative to measure context-free behaviours to assess the wider impact of interventions, such as
compensatory effects, whereby increased behavioural engagement in one context is accompanied by
declines in others.
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