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ARTICLE INFO ABSTRACT
Keywords: For pro-environmental behaviors to have a meaningful impact, they need to be maintained and resilient to
Pro-environmental behavior temporary interruptions in daily life. Yet, the effects of temporal interruptions on pro-environmental behaviors

Durability of habits
Reuse
Field data

are rarely explored. The present research applied a regression discontinuity in time approach to a large field
dataset from a system for reusing food containers and examined the effect of the Christmas break on 17,284

individuals’ use of the system. On average, the temporal interruption was associated with a 16.7 % drop in
individuals’ use of reusable food containers. However, the interruption had a smaller effect on individuals for
whom the behavior was more habitual, as measured by the extent to which the individuals used the system in
consistent times and places before the interruption. This finding suggests that stronger habits promoted the
durability of pro-environmental behaviors.

Spotlights
Temporary interruptions in daily life are common, but their effects
on pro-environmental behaviors are rarely explored

A Christmas break was associated with a drop in pro-
environmental behavior

The drop was smaller among individuals with more stable
behavioral contexts

This finding suggests that stronger habits promote the durability
of pro-environmental behaviors

Integrating pro-environmental behaviors into regular routines can
foster more sustainable lifestyles
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1. Introduction

Although it seems logical that people concerned about the environ-
ment would act on their concern, people often fail to translate their
concerns into action (Sheeran and Webb, 2016; Steg and Vlek, 2009).
Indeed, evidence suggests that beliefs about climate change have only
small to moderate effects on pro-environmental actions (Hornsey et al.,
2016), and a substantial literature investigates the gap between
pro-environmental intentions and relevant behavior (Carrington et al.,
2010; Kollmuss and Agyeman, 2002; Young et al., 2010). One reason
why pro-environmental intentions do not necessarily translate into
behavior is that many everyday behaviors that impact the environment
(e.g., eating, commuting, recycling) are habitual. According to habit
theory, repeating behaviors in stable contexts, for example, at particular
times of day or in specific locations, creates strong associations between
contextual cues and responses (Mazar and Wood, 2018; Verplanken and
Wood, 2006; Wood and Neal, 2016; Wood and Riinger, 2016). As a
result, many everyday actions are automatically cued by behavioral
contexts rather than resulting from deliberate decision-making
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processes drawing on intentions. Thus, introducing and maintaining
more sustainable lifestyles is likely to involve breaking and forming
habits (Klockner, 2013; Mazar et al., 2021; Russell et al., 2017; Ver-
planken and Whitmarsh, 2021) and the role of habits is increasingly
acknowledged in research on pro-environmental behaviors (e.g., Dean
et al., 2021; Gkargkavouzi et al., 2019; Klockner, 2013; Russell et al.,
2017; Timlett and Williams, 2009).

People’s everyday routines are frequently interrupted, which means
that introducing and maintaining more sustainable lifestyles is also
likely to involve dealing with temporal interruptions (e.g., holidays or
school breaks). Given that established habits decay slowly even when
people no longer perform the response (Walker et al., 2015), habitual
behaviors are likely to resume after a temporal interruption as long as
behavioral contexts remain stable before and after the interruption.
Thus, when pro-environmental behaviors are relatively habitual (i.e.,
underpinned by strong cue-response associations), they should be more
durable and resilient to temporal interruptions.

The effects of contextual changes altering the cues that activate
habitual responses have been investigated in a substantial body of
research on ‘habit discontinuity’ (e.g., moving house or changing school
or job location, Verplanken et al., 2008; Verplanken and Roy, 2016;
Wood et al., 2005). In contrast, the effects of temporal interruptions on
routine behaviors have received less attention. Temporal interruptions
differ from contextual disruptions because the contextual cues that
triggered responses before the disruption often remain in place after the
temporal interruption. Thus, a pro-environmental habit that is estab-
lished before an interruption may be reactivated when people encounter
the cues that trigger the habit again after the interruption. As temporal
interruptions are an integral part of people’s lives and considering that
many behaviors with environmental impacts are habitual, it is crucial to
advance our understanding of the relationship between habits and the
durability of pro-environmental behaviors.

To our knowledge, only three studies have examined the effect of
temporal interruptions on routines. A semester break (Acland and Levy,
2015), Thanksgiving (Milkman et al., 2014), and Easter (Fredslund and
Leppin, 2019) were found to disrupt physical exercise behaviors. Fred-
slund and Leppin (2019) also found a larger negative effect of an
interruption on gym attendance among individuals who visited the gym
more frequently (vs. less frequently) before the interruption. They
argued that this finding points to the vulnerability of everyday routines
to temporal interruptions. However, these findings do not necessarily
indicate that habitual behavior is more susceptible to temporal in-
terruptions than less habitual behavior as they could also be explained
by regression to the mean. It is also important to note that frequency
alone is a poor index of habit strength (Verplanken, 2006). According to
habit theory, behaviors can be performed frequently without being
habitual (e.g., in unstable contexts without clear cues), and behaviors
can be habitual even if they are not performed every day (Rebar et al.,
2018). Therefore, to examine whether habits moderate the effect of
temporal interruptions on behavior, research needs to consider to what
extent behaviors are linked to performance contexts (e.g., times, loca-
tions) that enable the formation of strong associations between specific
cues and responses.

1.1. The present research

The present research evaluated whether a quasi-exogenous inter-
ruption (namely, a Christmas break) was associated with a discontin-
uous change in a pro-environmental behavior and whether this effect
was moderated by context stability before the interruption. To do so, we
examined field data from a system for reusing containers for takeaway
food. Using reusable rather than single-use food containers can reduce
negative environmental impacts (Gallego-Schmid et al., 2019; Green-
wood et al., 2021), forms part of the current EU strategy for reducing
packaging waste (European Parliament, 2023), and reuse more gener-
ally is seen as “one of the biggest opportunities to reduce plastic
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pollution” (Ellen MacArthur Foundation, 2023). However, reusable
containers need to be used sufficiently frequently for environmental
benefits to materialize. For example, depending on the underlying as-
sumptions (e.g., material and energy used to produce containers),
reusable containers must be used 2-18 times to deliver climate-related
benefits compared to single-use alternatives (Gallego-Schmid et al.,
2019; Greenwood et al., 2021). Thus, it is crucial that the behavior is
resilient to temporal interruptions, so users maintain the behavior over
time. Fortunately, reuse may become habitual, as it “could be performed
on a daily or weekly basis in a stable, predictable supporting context™
(Ouellette and Wood, 1998, p. 58). However, it remains unclear whether
and how this influences the effects of a temporal interruption on this
pro-environmental behavior.

Our research focused on a system for reusing containers for takeaway
food called Vytal. In the observation period (i.e., Christmas break
2021-2022), the system served an extensive network of partner res-
taurants primarily located in Germany. Since then, Vytal has expanded
its network internationally (e.g., to France, Ireland, Mexico, the
Netherlands, Sweden, and the United Kingdom) and is now considered
the “world-leading provider of smart reusable food packaging” (Recker
et al., 2023). Thus, using Vytal’s system reflects an increasingly relevant
and popular pro-environmental behavior. To order food in reusable
containers, users register on an app or purchase an offline card for €10.
Afterward, users receive a personal QR code, which is scanned when
food is ordered in a reusable container. App users can keep containers
for up to 14 days for free. If containers are not returned within 14 days,
users can extend the use period for €1 per week or automatically pur-
chase the container for €10. Offline card users can obtain two containers
at a time without a time limit. Containers can be returned at partici-
pating restaurants.

We expected the Christmas break to disrupt individuals’ system use
in line with findings on the vulnerability of exercise behavior to quasi-
exogenous temporal interruptions (Acland and Levy, 2015; Fredslund
and Leppin, 2019; Milkman et al., 2014). People in Germany typically
spend the Christmas break with family and many employees are on
leave. December 25-26, 2021 and January 1, 2022 were public holidays
in Germany, and school children were on holiday at least from
December 24, 2021 to January 1, 2022. Individuals’ everyday routines
were typically interrupted in this period, as many people did not go to
work or school, spent time away from home, or received visitors.
Accordingly, our first hypothesis was that this interruption would result
in a drop in individuals’ frequency of use of Vytal’s system (see Fig. 1).

Second, we expected context stability before the interruption to
moderate the effect of the break on system use. We approximated the
stability of the contexts in which users engaged with the system before
the interruption by identifying (a) whether individuals typically used
the system at similar times (consistent time of day) and (b) in the same
restaurant(s) (consistent location). Based on these indicators, users were
assigned to subgroups that used the system in more (vs. less) stable
contexts before Christmas. We expected most users to find themselves in
similar behavioral contexts (i.e., similar cafés, with similar people, at
similar times) after Christmas as before. Therefore, our second hypoth-
esis was that the interruption would have a smaller (negative) effect (i.
e., the behavior was more durable) among users with more stable con-
texts of use than among users in less stable contexts before the inter-
ruption. This is illustrated by the positive moderating effect of context
stability in Fig. 1.

2. Materials and methods
2.1. Participants

The dataset included individuals who joined the system at least six
weeks before Christmas and used the system at least once in the six

weeks before Christmas. To draw generalizable conclusions about
behavior in public contexts, we excluded users of workplace and
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Context stability before the interruption

(Consistency of time of day, location of use)

H2 (+)

Temporal interruption HI ()

System use after the interruption

(Christmas break)

(Weekly takeouts)

Fig. 1. Hypotheses based on habit theory.

university cafeterias and focused on users in noninstitutional settings (e.
g., cafés, restaurants, superrnarkets).1

2.2. Procedure

Each container transaction was recorded with an anonymized user
ID, a restaurant ID, and a time stamp. If users obtained multiple con-
tainers from the same restaurant within two hours, individual trans-
actions were considered as single “takeouts” reflecting separate
instances of engaging with the system. Vytal mainly operated its system
in Germany in the observation period. November 1, 2021 was a public
holiday followed by school holidays in some German states. Therefore,
the pre-Christmas interval was defined as starting the week beginning
November 8, 2021 to avoid the possibility that the dataset captured
multiple interruptions, which could distort estimations of discontinu-
ities. As demonstrated by Fig. 2, individuals’ system use dropped sub-
stantially over Christmas for three weeks. Thus, the final two weeks of
2021 and the first week of 2022 were defined as the Christmas break (i.
e., December 20, 2021 to January 9, 2022), and the six weeks before and
after were defined as pre-Christmas (i.e., November 8 to December 19,
2021) and post-Christmas intervals (i.e., January 10 to February 20,
2022).

2.3. Measures

2.3.1. Discontinuous change in frequency of use

The primary outcome variable was the change in users’ average
number of takeouts each week before and after the Christmas break. In
addition to the absolute change in average takeouts per week, we also
calculated the change as a percentage of the respective subgroup’s
average number of takeouts the week before Christmas. This helped to
compare subgroups (i.e., users who performed the behavior in more vs.
less stable contexts) and ensure that absolute effects were not driven by
different baseline frequencies of use (i.e., number of takeouts) between
the subgroups before Christmas. Percentages also enable comparisons
with existing and future research on the durability of behaviors that are
performed more or less frequently in absolute terms (e.g., household
recycling, commuting, food choices).

2.3.2. Context stability: consistency of time of day and location of use
Time stamps of takeouts in the pre-Christmas interval were used to
estimate the consistency of the time of day at which individuals used the
system. The time of day of each takeout was converted to hours (e.g.,
12:55:30 equals 12+(55/60)+(30/(60 x 60)) = 12.925 h) to calculate
the standard deviation of each user’s times of day of usage before
Christmas. High standard deviations signified more variable times of
day, whereas low standard deviations indicated more consistent times of

! We also explored analyzing users in workplaces and universities as users
with particularly stable contexts. System use pre-Christmas declined more
steeply among workplace and university users than in public settings. This
suggested that confounding factors (e.g., canteens closing pre-Christmas)
influenced system use in those settings and supported the decision to focus
on noninstitutional settings.

day of system use.” Since calculating the standard deviation of times of
day required at least two observations per user, this analysis was limited
to users with two or more takeouts in the pre-Christmas interval (60.1 %
of the sample). Finally, the number of unique restaurants at which each
individual used the system in the pre-Christmas interval served as
another measure of context stability.

2.4. Statistical analyses: regression discontinuity design

To test the effect of the interruption on system use, we applied a
regression discontinuity design (RDD) to the weekly panel dataset of
users’ takeouts before and after Christmas. Similar to the approach of
Fredslund and Leppin (2019), the RDD testing the main effect of the
interruption was implemented with time (calendar weeks) as the
running predictor, a binary interval predictor (pre-Christmas and
post-Christmas), and frequency of use (number of takeouts each week)
as the outcome variable. As this regression discontinuity in time
approach (Hausman and Rapson, 2018) leveraged multiple observations
per user, standard errors were clustered on the user level. Furthermore,
following recommendations for RDDs (Cunningham, 2021; Lee and
Lemieux, 2010), we allowed regression slopes to vary on either side of
the interruption by including an interaction term between time (calen-
dar weeks) and the pre-post-Christmas interval predictor. Time (calen-
dar weeks) and interval (pre-post-Christmas) predictors were coded
such that the effect of the interruption on frequency of use was measured
in the final week of the Christmas break. The magnitude and significance
level of the effect was assessed by inspecting the regression coefficient of
the pre-post-Christmas interval predictor.

The moderating effect of context stability was tested by comparing
subgroups of users who used the system in more (vs. less) stable contexts
before Christmas.” Separate analyses were conducted for both variables
reflecting context stability (i.e., consistency of time of day and location
of use), and RDD models were separately specified for different sub-
groups, in line with similar analyses (Fredslund and Leppin, 2019).

To test the moderating effect of context stability measured by the
times of day that individuals used the system, the variability in the
timestamps associated with system use was used to define subgroups of
individuals who typically used the system at similar vs. different times of
day. As the consistency of time of day was calculated on a continuous
scale, users were divided into two subgroups using a median split.* Af-
terward, we implemented separate RDDs for both subgroups following

2 This approach could lead to inconsistencies for observations close to
midnight. However, this risk was ruled out as 99% of takeouts occurred be-
tween 9:28am and 9:11pm.

3 The anticipated moderation effect of context stability relied on the
assumption that users’ behavioral contexts reoccurred after Christmas. 90.3%
of 10,546 users who returned post-Christmas used the system at a restaurant
they visited before Christmas and 99.4% visited restaurants in the same city.
This supported the assumption that previous behavioral contexts reoccurred for
most users.

4 Robustness checks were implemented with cutoffs at 25% and 75% quan-
tiles and with the standard deviation of times of day as a continuous variable
(see section 3.3).
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Fig. 3. Regression discontinuity visualization of the effect of the interruption on frequency of use by all individuals in the sample.

the logic introduced before (i.e., with calendar weeks as the running
predictor, a binary pre-post-Christmas predictor, and individuals’
weekly takeouts as the outcome variable). The statistical significance of
the difference in effect sizes associated with the interruption among
subgroups with more or less consistent times of day was assessed by
estimating RDDs for both subgroups in the same regression model. To
this end, a binary predictor indicating consistent (vs. inconsistent) times
of day was introduced, and interaction terms were included in the RDD.
Accordingly, the magnitude and statistical significance of the difference
in discontinuous effects of the interruption on both subgroups (i.e., users

with consistent vs. inconsistent times of day) was indicated by the
interaction between the interval predictor (pre-post-Christmas) and the
binary predictor indicating (in)consistent times of day before the
interruption.

To test the moderating effect of context stability measured by
consistent locations of use, the number of different restaurants that each
individual frequented before Christmas was used to define subgroups of
individuals who typically used the system in the same vs. different lo-
cations. 83.6% of users visited one restaurant in the pre-Christmas in-
terval. Therefore, individuals were split into users who used the system
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Table 1
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Effect of the interruption on frequency of use by individuals who used the system at less vs. more consistent times of day in the pre-Christmas interval.

Low context stability (i.e., users with above
median standard deviation of times of day)

High context stability (i.e., users with below
median standard deviation of times of day)

Estimated absolute discontinuous change (Standard error®) -0.17*** (0.02) -0.10*** (0.02)
Absolute difference between the subgroups’ discontinuous changes (Standard 0.07** (0.02)
error”)
Estimated relative discontinuous change (absolute discontinuous change as a -25.0% -14.3%
percentage of the average number of takeouts the week before Christmas)
n 5195 5195
Notes. *** p < .001; ** p < .01; * p < .05.
 Clustered on the user level.
Low context stability (above median standard deviation of times of day) High context stability (below median standard deviation of times of day)
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Fig. 4. Regression discontinuity visualization of the effect of the interruption on frequency of use by individuals who used the system at less (left panel) vs. more consistent times

of day (right panel) in the pre-Christmas interval.

at one restaurant (more stable context) and users who visited at least two
different restaurants (less stable context).’ By definition, users who
visited two or more restaurants also used the system at least twice. Thus,
to ensure comparability, the subgroup of users who only visited one
restaurant was limited to users who went to that restaurant at least twice
(52.3% of those users who visited one restaurant). RDDs were imple-
mented and interpreted as described above.

3. Results
3.1. Descriptive statistics and bivariate correlations

The dataset included 100,749 takeouts by 17,284 users at 1115
restaurants between November 8, 2021 and February 20, 2022. The
Appendix presents descriptive statistics for pre-Christmas and post-
Christmas intervals. There was a small negative correlation between
the standard deviation of times of day (in the pre-Christmas interval)
and weekly frequency of use before (r = -0.06, p < .001) and after
Christmas (r =-0.08, p < .001), suggesting that individuals who used the

5 For robustness checks, the model was replicated with a cutoff threshold of
three restaurants, and for the most frequent users. Furthermore, we compiled a
model with the number of restaurants as an unmodified count variable (see
section 3.3).

system at more consistent times of day tended to use the system
(slightly) more frequently. The number of different restaurants visited in
the pre-Christmas interval was positively correlated with weekly fre-
quency of use before (r = 0.22, p < .001) and after Christmas (r=0.13, p
< .001), suggesting that individuals who used the system at stable lo-
cations used the system less frequently. The different relations between
frequency of use and our two indicators of context stability supports the
idea that frequency alone is not a reliable indicator of habit formation.
The standard deviation of times of day and the number of visited res-
taurants in the pre-Christmas interval were positively correlated (r =
0.31, p < .001). That is, using the system at more restaurants was
associated with more variable times of day of use. This is an initial
indication that both variables measured a similar latent variable,
context stability.

3.2. Effect of the Christmas break on frequency of use

Fig. 3 visualizes the effect of the temporal interruption on the fre-
quency of system use. The Christmas break was associated with a sig-
nificant discontinuous drop in frequency of use by 0.08 takeouts per
person per week (p < 0.001). Compared to users’ average number of
takeouts the week before Christmas (0.48), this amounts to a 16.7 %
decrease.
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3.3. The moderating effect of context stability

Next, we examined whether the effect of the interruption was
moderated by context stability, measured by (a) the consistency of times
of day of usage and (b) the number of restaurants visited. Tests of
whether the stability of the temporal context moderated the effect of the
interruption on system use are presented in Table 1 and Fig. 4. As
anticipated, the interruption had a smaller effect on individuals who
used the system at more consistent times of day before Christmas than
users who evidenced variability in the times of system use.® This dif-
ference was found in both absolute and relative terms: Among in-
dividuals who used the system in less stable temporal contexts before
Christmas, the frequency of system use dropped by 0.17 takeouts, or
25.0 % compared to this subgroup’s average number of takeouts per
person in the week before Christmas. In contrast, system use among
individuals who used the system in more stable temporal contexts before
the holiday only dropped by 0.10 takeouts, or 14.3% compared to the
week before Christmas. Taken together, these findings suggest that the
interruption had a larger negative effect on individuals who used the
system at more variable times of day (i.e., less stable context) before the
interruption than on individuals who used the system at more consistent
times of day.

Tests of whether the consistency of the locations in which users
performed the behavior moderated the effect of the interruption on
system use are presented in Table 2 and Fig. 5. The interruption had a
smaller negative effect among users who visited a single restaurant (vs.
two or more) in the pre-Christmas interval in absolute and relative
terms.” Use of the system among individuals who only visited a single
restaurant in the pre-Christmas interval (i.e., more stable context)
decreased by 0.11 or 15.9% over Christmas, compared to a decrease of
0.19 or 26.8% among individuals who visited two or more different
restaurants before Christmas. Taken together, these findings suggest that
the interruption had a larger negative effect on individuals who used the
system at a greater variety of restaurants (i.e., less stable context) before
the interruption than on individuals who used the system similarly
frequently but in a more stable context (i.e., at a single restaurant).

4. Discussion

The findings of the present research suggest that temporal in-
terruptions can disrupt pro-environmental behaviors. On average, the
frequency with which people used a system for reusable takeaway food
containers dropped by 16.7 % over the Christmas break. The magnitude

® The model was replicated with different cutoff thresholds (25% and 75%
quantiles). Both models confirmed that the interruption had a larger negative
effect on users with less consistent times of day of use (absolute difference in
changes: 0.08, p < 0.01, and 0.11, p < 0.001, respectively).A final model
including users’ consistency of times of day as a continuous variable confirmed
results: A one standard deviation increase of users’ inconsistency of times of day
in the pre-Christmas interval was associated with a 0.03 (p < 0.05) increase in
the negative effect of the interruption.

7 A model with a cutoff threshold of three restaurants confirmed that the
interruption had a larger negative effect on individuals who used the system in
less stable contexts (i.e., visited at least three restaurants) compared to those in
more stable contexts (i.e., visited at most two restaurants; absolute difference in
changes: 0.19, p < 0.01).Additionally, the original model was replicated for
users with at least four takeouts pre-Christmas (top 26.6% most frequent users).
Results confirmed that the interruption had a larger negative effect on frequent
users in less stable contexts (i.e., visited two or more restaurants) compared to
frequent users in more stable contexts (i.e., visited one restaurant; absolute
difference in changes: 0.11, p < 0.05).Finally, the model was replicated with
the number of visited restaurants as an unmodified count variable and all
17,284 users. This model also confirmed our finding: Each additional restaurant
visited in the pre-Christmas interval was associated with a 0.11 (p < 0.001)
increase in the negative effect of the interruption.
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of this effect is consistent with the 12.25 % reduction in gym attendance
associated with a two-week interruption over Easter reported by Fred-
slund and Leppin (2019). Therefore, similar to research on temporal
interruptions of exercise behaviors (Acland and Levy, 2015; Fredslund
and Leppin, 2019; Milkman et al., 2014), the present findings suggest
that pro-environmental behaviors are vulnerable to temporal
interruptions.

Nevertheless, the decrease could also be driven by regression to the
mean and does not speak to the question of whether strongly habitual
behaviors are less susceptible to temporal interruptions than less
habitual behaviors. To answer this, the present research examined the
moderating effect of context stability. The findings supported the idea
that behaviors that are performed in stable contexts are more resilient to
temporal interruptions. Individuals who used the Vytal system in more
stable contexts before Christmas (i.e., more consistent times of day,
fewer restaurants) were less affected by the temporal interruption than
individuals whose behavior was not linked to a stable context (i.e.,
variable times of day, different restaurants). In line with habit theory
(Mazar and Wood, 2018; Verplanken and Orbell, 2022), this suggests
that context-response associations continue to trigger the respective
behaviors when contextual cues reoccur after a temporal interruption.

In this way, the present research contributes to extant research on
habits and pro-environmental behaviors. Specifically, it demonstrates
how indicators of habit (e.g., context stability) can be estimated from
observational data. It also provides field evidence that pro-
environmental behaviors are more durable when repeated in stable
contexts. By exploring temporal interruptions after which behavioral
contexts reoccur, the present research complements research on habit
discontinuity focusing on context changes (Verplanken et al., 2008;
Verplanken and Roy, 2016). Furthermore, our findings support calls to
consider influences of habits on pro-environmental behaviors (Gkarg-
kavouzi et al., 2019; Klockner, 2013; Russell et al., 2017) and comple-
ment prior findings on the positive effect of context stability on
maintaining such behaviors (Dean et al., 2021).

4.1. Methodological considerations, limitations, and future research

By analyzing observational measures of behavior and properties of
habits, the present research complements existing empirical research on
habits that often relies on self-reported data. Our observational
approach benefits from capturing actual pro-environmental behavior of
a large sample and measuring behavioral frequency and context stability
based on objective indicators (e.g., recorded time stamps). Furthermore,
the pattern of results is directly predicted by habit theory and is not
easily explained by other theoretical frameworks. Despite these
strengths, it is worth noting that our analyses only examined one system
for reusing containers for takeaway food. Changes in potentially related
behaviors (e.g., using competing systems for reusables or single-use
containers, reduced consumption of takeaway food) could not be
measured. As such, the present research did not test spillover
(Thggersen and Olander, 2003; Truelove et al., 2014) or compensatory
effects (Kaklamanou et al., 2015) on other behaviors.

Furthermore, it should be noted that field data were collected during
the Covid-19 pandemic and absolute levels of system use may not be
comparable to times before and after the pandemic. However, the
pandemic seems unlikely to have compromised our tests of the main
effect of a temporal interruption and the moderating effect of context
stability. Our data cover the period of late 2021 and early 2022, when
the pandemic was ongoing. Thus, comparisons between intervals before
and after Christmas (i.e., tests of the main effect of the interruption) are
unlikely to be affected by the pandemic because system use both before
and after the interruption occurred during similar stages of the
pandemic. With respect to context stability, there is no reason to think
that individuals who used the system in more or less stable contexts were
affected by the pandemic to different extents. Taken together, the core
finding that pro-environmental behaviors are more durable if they are
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Table 2
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Effect of the interruption on frequency of use by individuals who visited two or more vs. a single restaurant in the pre-Christmas interval.

Low context stability (i.e., users who visited
two or more different restaurants)

High context stability (i.e., users who
visited a single restaurant)

Estimated absolute discontinuous change (Standard error®)

Absolute difference between the subgroups’ discontinuous changes
(Standard error®)

Estimated relative discontinuous change (absolute discontinuous change as a
percentage of the average number of takeouts the week before Christmas)

b

-0.19%** (0.02) -0.11*** (0.01)
0.08** (0.03)

-26.8% -15.9%

2832 7558

Notes. *** p < .001; ** p < .01; * p < .05.
@ Clustered on the user level.

b Users who visited at least two restaurants in the pre-Christmas interval (n = 2832) were compared to users with at least two takeouts at one restaurant in the pre-

Christmas interval (n = 7558).

Low context stability (visited two or more different restaurants) High context stability (visited a single restaurant)
1 |
1.00 4 ! !
] |
1 |
1 1
1 1
~
T‘: I |
E 1 |
b5 ] 1
g — T | + |
% 075 —= | I
g t 1 == 1
Q
< I
=)
=]
o
o
°
°\ |
v
N I |
~0.50 ] 1
2
‘5 1 |
[=] 1 1
o
v | 1
s 1 1
By I 1
= | 1
3 | 1
3 | 1
5 0254 | ;
=0 1 1
b5 I 1
> | 1
< 1 |
1 1
1 |
1 |
1 |
0.00 i i
T T T T T T T T t T T T T T T T T T T T T T T t T T T T T T
wv o [ g o0 f=a) (=3 - ol - o [5e) < wv o o al o [Loed ® =) = - ol - [ o« = wv -3  Sed
¥y ¥ hi ¥ b » wo < T 7 S < < hi ¥y ¥ ¥ il w woonw o S < < < S <
BL & & = = ~ = & & ISEES] NS IS = - = = - = - = ISEES] A A NS
a o a o o a o a o oo a o a a o o o a o o a o a a o a aQ a aQ a a
=3 = =3 =3 =3 (=3 =3 (=3 > f=3 =] > (=3 (=3 = (=3 =3 =3 =3 (=3 =3 (=3 =3 =3 (=3 > (=3 =3 = (=3
a a a a a a a a a a a  a a a a a a a a a a a a a a a a a a a

Week

Fig. 5. Regression discontinuity visualization of the effect of the interruption on frequency of use by individuals who visited two or more (left panel) vs. a single restaurant (right

panel) in the pre-Christmas interval.

performed in stable contexts is unlikely to be compromised by the fact
that the data were collected during the pandemic.

Additionally, although our findings on the moderating effect of
context stability are supported by habit theory, we did not obtain self-
reported measures of habit automaticity as additional evidence of
users’ habit strength (e.g., Self-Report Habit Index, Self-Report Behav-
ioral Automaticity Index, Rebar et al., 2018). Matching observational
data with self-reported data is a promising approach for future research.
Furthermore, similar analyses could be replicated with contextual fac-
tors other than time and location (e.g., whether people typically perform
the behavior alone or in social groups, Wood et al., 2005; or whether the
behavior is associated with a specific type of food), which were not
captured by the data used for this research. Future research may benefit
from datasets with more detailed information on individuals, allowing
for additional analyses of the circumstances that promote context sta-
bility and, as a result, the durability of behaviors.

4.2. Implications for promoting pro-environmental behavior

Understanding the effects of temporal interruptions on everyday
behavior is crucial to maintain pro-environmental behaviors. One of the
key findings of the present research is that pro-environmental behaviors
that are performed in stable contexts are more durable than those not

supported by stable cues. This implies that strategies to integrate be-
haviors into people’s regular routines can foster the longevity of pro-
environmental behaviors. For instance, regulators and operators of
systems for reusable containers could seek to standardize systems so that
customers are always exposed to the same cues (e.g., similar signage and
messaging). This may even allow different restaurants to be construed as
similar and thus stable environmental contexts. Additionally, system
operators could seek to tie the behavior to specific temporal and
geographical contexts; for example, by encouraging people to have
lunch at regular times and establishing the system at locations where
food-related choices are made regularly (e.g., around offices, train sta-
tions). Furthermore, operators of app-based systems could benefit from
automatic notifications prompting system use around typical times and
locations of use.

Although the present research focused on the durability of a pro-
environmental behavior, these findings might also extend to more un-
sustainable everyday behaviors. Just like pro-environmental behaviors,
unsustainable behaviors are also more likely to survive temporal in-
terruptions if they are anchored in stable contexts. For example, contexts
in which single-use packaging is the norm likely continue to be associ-
ated with single-use after an interruption. Thus, although our results are
promising regarding the durability of habitual pro-environmental be-
haviors, they also highlight the challenges of breaking environmentally
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harmful habits. Having said this, the present research suggests that
temporal interruptions might present opportunities to disrupt habits by
changing the cues that support such habits (Wood et al., 2005). That is,
the habit discontinuity hypothesis suggests that individuals are more
receptive to new information and more likely to reconsider their
habitual behaviors following changes to behavioral contexts (e.g.,
moving house or starting a family, Verplanken and Wood, 2006). Our
research provides some initial indication that regulators and businesses
could leverage temporal interruptions in a similar way, for example by
changing contexts (e.g., signage) associated with less sustainable be-
haviors when users are naturally taking a break.

5. Conclusions

The present research contributes to evidence on how habits affect the
durability of pro-environmental behaviors. We analyzed a large field
dataset describing individuals’ use of reusable containers for takeaway
food. Christmas, a quasi-exogenous interruption of routines, was asso-
ciated with a discontinuous drop in behavioral frequency. The weekly
frequency with which users performed the behavior dropped by an
average of 16.7% over Christmas. Notably, measures of the extent to
which behavior is habitual (namely, performed repeatedly in a stable
context) moderated the effect of the temporal interruption on use: Users
who typically performed the behavior at more consistent times of day
and in fewer restaurants were less affected by the temporal interruption.
Thus, this research provides empirical support for recent propositions to
consider the habit strength of everyday behaviors in attempts to pro-
mote sustainable lifestyles (Mazar et al., 2021; Verplanken and Whit-
marsh, 2021). We encourage future research to explore the effects of
context stability beyond time and location and how these can be

Appendix: Descriptive statistics
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leveraged to maintain pro-environmental behaviors.
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Variable

pre-Christmas interval post-Christmas interval

Frequency of use

No takeouts

1 takeout

2 takeouts

3 takeouts

4 takeouts

5 takeouts

6 or more takeouts
Consistency of time of day (measured by the standard deviation of times of day in hours)”
Consistency of location of use

No restaurants visited

1 restaurant visited

2 restaurants visited

n=20(0.0%)

n = 6894 (39.9 %)
n = 3662 (21.2 %)
n= 2128 (12.3 %)
n = 1354 (7.8 %)
n =905 (5.2 %)

n = 2341 (13.5 %)
M=1.1(SD=1.3)

n=0(0.0%)
n = 14,452 (83.6 %)
n = 2203 (12.7 %)

n = 6738 (39.0 %)
n = 3396 (19.6 %)
n = 2096 (12.1 %)
n = 1478 (8.6 %)
n =963 (5.6 %)

n =716 (4.1 %)
n=1897 (11.0 %)
M=11(SD=1.2)

n = 6738 (39.0 %)
n = 8430 (48.8 %)
n = 1599 (9.3 %)

3 restaurants visited
4 or more restaurants visited

n =471 (2.7 %)
n =158 (0.9 %)

n =366 (2.1 %)
n =151 (0.9 %)

@ Calculated for the subsample of users with at least two takeouts in the pre-Christmas (n = 10,390) and post-Christmas interval (n = 7150), respectively.
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