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Abstract

Background: Plastic waste management is one of the most challenging problems of our time. Until now, only 9% of
the produced plastics has been recycled. In order to increase recycling, a behavior change towards sorting of plastic
waste is needed. Therefore, the main aim of the study is to gain insight in the individual and situational determinants
associated with plastic waste sorting behavior. The Integrated Framewaork for Encouraging Pro-environmental Behav-
iour will be used as the theoretical framework. This framework assumes that individual egoistic and hedonic values
are negatively related to pro-environmental behaviour, whereas individual biospheric and altruistic values are posi-
tively related to pro-environmental behaviour. Situational cues can activate these values, resulting in (non) pro-envi-
ronmental behaviour. Taking the Integrated Framework for Encouraging Pro-environmental Behaviour into account,
this study will test the hypothesized associations between individual and situational determinants and plastic waste
sorting behavior, using an ecological momentary assessment approach (Experience Sampling Method, ESM).

Methods: A signal-contingent scheme with semi-random intervals will be used for the ESM questionnaire. Over a
period of seven consecutive days, an ESM-based smartphone app will prompt participants ten times a day to fillin a
short questionnaire containing questions about situational determinants and plastic waste sorting behaviour. Partici-
pants will also complete an online questionnaire before and after the study measuring the individual determinants
and plastic waste sorting behaviour.

Discussion: ESM has many benefits over traditional surveys, such as improved ecological validity and the possibility
to explore temporal relationships. The disadvantages of ESM are mainly related to the burden for the participants and
the possibility of reactivity effects. The results will provide insight into the relationship between situational cues, indi-
vidual values and plastic waste behaviour. The practical implications of the findings of this study can be of interest for
policy makers in order to reach plastic waste reduction targets. Furthermore, the situational cues that activate values,
which increase or decrease plastic waste sorting, can be targeted in interventions. The results of this study can also be
relevant for further research studying and stimulating pro-environmental behaviour in general.

Keywords: Plastic waste sorting, Individual, Situational, Pro-environmental behaviour, Determinants, Integrated
framework, Experience sampling method, Ecological momentary assessment, Ambulatory assessment
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benefits [1]. This is due to their incredibly versatile prop-
erties, such as inexpensiveness, strength and lightweight.
For instance, using lighter plastic composites instead of
metal in aircrafts results in significant fuel cost savings
as well as easier assembly of airplane parts [2]. However,
some of the properties of plastics, such as longevity and
resistance to degradation, create a major waste manage-
ment problem [1], especially in developing countries [3].
A global analysis [4] showed that approximately 6300
metric tons of plastic waste have been generated as of
2015, of which only 9% have been recycled. The other
12% were incinerated and 79% have been accumulated in
landfills or the natural environment. If the current trends
continue, the amount of plastic waste in landfills or the
natural environment will be about 12,000 metric tons by
2050 [4]. Many different strategies exist to combat plastic
waste pollution. Long-term solutions are aiming at large
system changes like moving towards a circular economy
and behavioural change [5]. In the current article, we
will focus on the behavioural change aspect in the sense
that we aim to understand the determinants of pro-envi-
ronmental behaviour regarding plastics. In our study,
pro-environmental behaviour “refers to behaviour that
benefits the environment or harms the environment as
little as possible” (adjusted from Steg & Vlek[6]). Within
pro-environmental behaviour, our focus will be on plastic
waste sorting.

Goals

Many different theories such as the Theory of Planned
Behaviour [7], Norm-Activation theory [8] and the
Value-Belief-Norm theory [9] aim to explain environ-
mental behaviour, often by focusing on one kind of goal
[10]. A goal can be conceptualized as a desired outcome
or motive [11]. According to the Goal-Framing Theory of
Lindenberg and Steg [10] three types of goals can be dis-
tinguished to explain environmental behaviour: hedonic,
gain and normative goals. A hedonic goal is aimed at
improving the way one feels, for example in terms of
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seeking direct pleasure or excitement or avoiding effort
and negative events [12]. A gain goal is aimed at improv-
ing personal resources, for example saving money or
increasing status [12]. Finally, a normative goal is aimed
at appropriateness, for example behaving the right way or
showing exemplary behaviour [12]. Goal-Framing Theory
states that multiple goals can be active at the same time
and frame how people perceive situations [10]. Usually
one of the goals is more salient than the others, however,
and is therefore called the goal frame [10]. Goals can be
in conflict but it is also possible for goals to strengthen
each other [10]. As the goals proposed by Lindenberg
and Steg [10] interact, all goals need to be considered to
obtain a complete picture of the determinants of plastic
waste sorting.

Values

Changes in goal frames are often not a conscious process,
as goals are influenced by other factors such as values that
can be activated by situational cues according to the Inte-
grated Framework for Encouraging Pro-environmental
Behaviour (Fig. 1) [13]. For instance, the value regarding
a concern with nature can be triggered by the presence
of a recycling bin, which is a situational cue. As changes
in goal frames are often not a conscious process [13], it is
difficult for participants to reflect on their goals in a cer-
tain situation. Therefore in the current research we will
instead focus on the behaviour itself, which results from
the goals. Values reflect the overarching goals that peo-
ple find most important in life in general [14]. They are
believed to be relatively stable over time, whereas goals
are situation-specific [13]. Hedonic values strengthen the
chronic accessibility of hedonic goals, and reflect a self-
enhancement concern with improving ones feelings and
reducing effort. Egoistic values strengthen the chronic
accessibility of gain goals, and reflect a self-enhance-
ment concern with safeguarding or increasing one’s
resources. On the other hand, altruistic values strengthen
the chronic accessibility of normative goals, and reflect
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Fig. 1 The integrated framework for encouraging pro-environmental behaviour [13]
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a self-transcendent concern with the welfare of other
people. And finally, biospheric values also strengthen
the accessibility of normative goals, but they reflect the
self-transcendent concern with nature and environment
for its own sake. Hedonic and egoistic values are gener-
ally more negatively related to pro-environmental behav-
iour while altruistic and especially biospheric values are
generally positively related to pro-environmental behav-
iour [13]. So for people to engage in pro-environmental
behaviour it is important to activate altruistic and bio-
spheric values, and deactivate hedonic and egoistic val-
ues with the help of situational cues that influence the
relationship between values and goals.

Situational cues

The Integrated Framework for Encouraging Pro-environ-
mental Behaviour [13] states that specific situational cues
can activate values which are more trait-like that in turn
influence goals which are more state-like. This is also in
line with the Trait Activation Theory (TAT; 15). This the-
ory focuses on the person-situation interaction to explain
behavior on the basis of responses to trait-relevant cues
found in situations [15]. According to the Integrated
Framework for Encouraging Pro-environmental Behav-
iour [13], the following situational cues affect the likeli-
hood that biospheric values are activated: cues that other
people violate or respect norms, behavioural cost and
cues that affect the prioritisation of goals [13]. Cues that
other people violate norms are expected to weaken nor-
mative goals, while cues that other people respect norms
would increase the normative goals [13]. An example
of these types of cues is clutter or trash in the environ-
ment, which indicates that other people have violated the
norms. The focus theory of normative conduct [16] pre-
dicts that in such situations individuals will act upon the
most salient norm.

High behavioural costs, such as the effort, time and
costs it takes to engage in the behaviour, are expected
to decrease the likelihood that biospheric and altruis-
tic values are activated [13]. According to the low cost
hypothesis, people are less likely to act upon normative
considerations when the relevant behaviour is associated
with relatively high costs [17].

Cues that affect the prioritisation of goals can decrease
or increase the likelihood that biospheric values are acti-
vated [13]. Situational factors such as time pressure can
enhance the need to balance different goals, and result in
prioritising hedonic or gain goals (such as time saving),
thereby inhibiting the effect of biospheric and altruistic
values on behavior [13].

Lindenberg [18] adds to this that the mere presence
of other people is one of the most important predictors
of normative goal activation. The presence of people in
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the environment will strengthen one’s own normative
goal in comparison to an environment in which no peo-
ple are present [18]. So we would expect that the pres-
ence of other people would increase the likelihood that
biospheric and altruistic values are activated. Socially
empty environments, such as empty streets, will acti-
vate social norms less than socially full environments,
and will thus have a higher chance of deviant behavior
[19]. So concluding, for people to act pro-environmen-
tally it is important to activate normative goals by trig-
gering biospheric or altruistic values, with the help of
situational cues that influence the relationship between
values and goals.

So far, we have discussed situational cues that can
strengthen or weaken the normative goal directly, but
it is also possible for cues to weaken the normative
goal indirectly by strengthening hedonic or gain goals
[18]. This is possible as according to the Goal-Framing
Theory, goals interact and there is usually one goal
that is the most pertinent [10]. The most important
cues that activate gain goals are cues that indicate that
money or competition plays a central role in the envi-
ronment. Cues such as people wearing a business suit
can increase a competitive orientation [18], also called
material priming [20].

On the other hand, visceral (intuitive) cues that cre-
ate affective reactions such as very good or bad smells
strengthen hedonic goals, making people automatically
more impatient and ready to act on impulse [18]. For
example, Li, Moallem, Paller, & Gottfried [21] showed
that when people are subliminally primed with an
attractive smell, they will also become more impatient
in financial transactions. To assess the influence of situ-
ational cues that indirectly weaken the normative goals,
it is important to take into account gain cues and vis-
ceral cues that activate respectively gain and hedonic
goals.

When a certain situational cue frequently results in
a certain behaviour, the behaviour can become a habit
[22]. Habits are automatic responses to specific cues, in
order to obtain certain goals [22]. Because of their auto-
matic nature, they do not need mental effort and are
therefore very efficient [23]. To increase the efficiency
of interventions, it is thus important to assess which
situational cues that influence plastic waste sorting,
are associated with habit strength. It is especially rel-
evant to elucidate the situational cues that predict pro-
environmental behaviour in individuals with a strong
habit of recycling plastic, as it would be most efficient
to target these cues in order to change behaviour. Habit
strength of plastic waste sorting will therefore be tested
exploratory as a moderator for the situational cues pre-
dicting plastic waste sorting.
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Experience sampling method
In the current study, we measure the situational cues
that activate values regarding plastic waste sorting in the
natural habitat of people, using the Experience Sampling
Method (ESM). Experience sampling, also called Ecologi-
cal Momentary Assessment or Ambulatory assessment,
is a type of diary method where information is collected
about the context and content of the daily life of individ-
uals [24]. ESM studies are conducted in close temporal
proximity to behaviour, and therefore reduce the disad-
vantages of self-reports, such as memory and estimation
problems [25]. ESM studies are known for their improved
ecological validity, as ESM ensures an assessment in the
natural setting [25]. A third advantage of ESM is that
temporal relationships among variables can be explored
as independent variables can be measured at an earlier
time point compared to dependent variables [25]. In
the current study, we are therefore able to predict plas-
tic waste sorting by using the situational cues that were
measured at the time-point that precedes the behaviour.
As people self-monitor their behaviour in ESM stud-
ies, however, it is possible that the monitored behaviour
changes due to a reactivity effect (25; 26). Measurement
reactivity entails systematic biases in methods and proce-
dures that affect the validity of the data. The extent of the
reactivity depends on certain aspects such as the aware-
ness of the behaviour, explicit feedback and the perceived
desirability of the behaviour [25]. Social desirability can
be problematic, as it can arise when participants attribute
socially desirable values to themselves and reject socially
undesirable values [27]. In this study participants might
over-report altruistic and biospheric values and plastic
waste sorting as they are perceived as socially desirable.
To our knowledge, the current study is the first ESM
study concerning plastic waste sorting with the aim of
understanding the situational cues that determine nor-
mative goal activation, taking into account the social
desirability and the reactivity effect.

Hypotheses

Based on the findings in the literature [13, 18], we expect
hedonic and egoistic values to be negatively associated,
while altruistic and biospheric values are positively asso-
ciated, with plastic waste sorting measured with the ESM
questionnaire. We also expect that situational cues will
moderate this relationship. For biospheric and altru-
istic values we expect the following situational cues to
weaken the relationship between altruistic/biospheric
values and plastic waste sorting: behavioural cost (fur-
ther distance to recycling bin, no presence of recycling
bin), situational factors that affect the prioritisation of
goals (time pressure, ego-depletion), environmental
cues that violate norms (clutter, trash) and the absence
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of people. Furthermore, we expect situational gain cues
(business suits, competitiveness) to enhance the rela-
tionship between egoistic values and plastic waste sort-
ing. Finally, we expect situational visceral cues (i.e. very
high and very low vs. neutral scores on attractiveness
surroundings, smell, affect) to enhance the relationship
between hedonic values and plastic waste sorting. Habit
strength of plastic waste sorting will be consequently
tested exploratory as a moderator for the situational cues
that predict plastic waste sorting measured with the ESM
questionnaire. And finally, we expect plastic waste sort-
ing measured with the survey to increase after the data-
collection in comparison to prior to the data-collection
as an effect of the monitoring of this behaviour.

Methods

Design

The study is observational with a mixed design (within-
participants: ESM measures and between-participants:
survey measures).

Participants

Participants eligible for this study are Dutch-speaking
people of 18 years or older living in the Netherlands and
possessing a smartphone. Participants completing at
least 1/3 of the questionnaires they receive with signals
on their smartphone (also called beeps) will be included
in the final analysis, in line with the guidelines proposed
by Delespaul [28]. In order to test the feasibility, a pilot
study was conducted including 23 participants. Nine
participants did not fill out the baseline questionnaire,
resulting in 14 participants. Of these 14 participants, 7
participants filled out at least 1/3 of the total beeps rang-
ing from 44 to 92% of the maximum beeps. The outcome
beeps that can be used for the analyses (plastic waste
sorting/non-plastic waste sorting) of these people ranged
from 2 to 50, with plastic waste sorting being reported 0
to 11 times per person. Two smaller pilots (N=10 and
N=6) were conducted previously to test the feasibility
and comprehensibility of the study. Minimum sample
size for establishing medium-sized effects (Beta=0,5)
was estimated at n=250 (logistic multiple regression,
power >0.80 for all random and fixed effects, a skewed
level 1 predictor, a standard normal level 2 predictor, an
interaction, 10 simulations) with a shiny R web applica-
tion and its R packages Ime4, simglm and paramtest [29].
Intercept and slope variance for the random effects were
based on the pilot data.

Data collection and procedure

For the main study, participants will be recruited through
social media, networks, flyers in supermarkets, univer-
sities, sports clubs etc. Students of the Open University
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can also participate in exchange for study credits. Partici-
pants can sign up by emailing the researchers. On day 1
of the research period, participants will receive an email
that includes the information letter, the guide to install
the ESM-based smartphone application and the link to
the baseline online survey. From day 2 until day 8, par-
ticipants will receive 10 smartphone beeps per day that
include the ESM questions. And finally, on day 9 partici-
pants will receive a prompt on the application with a link
to the second and final online survey. See Table 1 for an
overview of the procedure for the participants.

All participants will use their own Android or iPhone
smartphone. The software used is ‘Real Life Exp’ Version
2.8.26 [30]. Participants will be prompted via standard
push notifications. It is not necessary to have an internet
connection at all times, beeps will also be received offline,
and data are transferred once a connection is made. Par-
ticipants will be asked to have both the sound and vibra-
tion on for their notifications, but they are able to turn
notifications off.

This study was approved by the Research Ethics
Committee (cETO) of the Open University (decision
#U2019/03119/MQF). Participants will be informed
about the aim of the study with an information letter, and
written informed consent will be obtained online at the
start of the survey. Data will be stored on a secured drive
that is only accessible by the main researcher. Data will
be stored for 10 years on the secured drive. Each partici-
pant will create a personal code combining the first two
letters of their first name with the year that they were
born, to ensure anonymity. The data collected by the sur-
veys and the ESM application will be combined with the
help of this anonymous code. The study is preregistered
at the Open Science Framework (https://osf.io/numsd)
on the 9th of March 2020. If amendments will be made
to the protocol, they will be registered at the Open Sci-
ence Framework. Furthermore, this research proposal
was peer reviewed by a multidisciplinary internal OUNL
review committee consisting of senior researchers and
has been awarded a grant from the OUNL research pro-
gram DALI (Digital Accessible Learning Innovation),
theme ‘Safety in urban environments!

Table 1 Procedure of the study for participants per day

Day 1

Fill out online survey 1 (15 min)

Install application and look at demo-questions
Day 2 until 8

Fill out questions application after signal on smartphone (2 min x 10
per day)

Day 9
Fill out online survey 2 (2 min)

Page 5 of 10

Survey

The online survey on day 1 and day 9 will be conducted
via LimeSurvey, all items of this survey can be found in
an additional file (see Additional file 1: Appendix 1).
The first survey will be composed of eight sections, the
second survey will be composed of only one section
(pro-environmental behaviour) of the former eight. The
following sections will be used in the analysis:

o Demographic characteristics included gender, age,
education, civil status, household composition,
income and neighbourhood.

o Habit strength of separating plastic waste will be
assessed with one 12-item questionnaire (Self-Report
Habit Index; 23). The SRHI is currently the most
commonly used measure of habit strength in health
behaviours [31]. The scale also possesses a high inter-
nal reliability, as Cronbach alphas are often greater
than 0.90 (e.g. 31, 32). An example item is: “Sorting
plastic waste is something that I do without think-
ing” The items will be measured on a 5-point Lik-
ert scale, ranging from 1 (strongly disagree) to 5
(strongly agree). The scores will be recoded such that
high values indicated strong habits. A mean of the 12
habit items will be calculated.

o Value orientations will be assessed with a 16 item-
questionnaire by means of a short version of
Schwartz’s value scale [14] developed by De Groot
and Steg [33] and adapted by Steg, Perlaviciute, van
der Werff and Lurvink [34]. The scale has extensively
been tested and validated in various studies (i.a. 34,
35). The questionnaire comprises four value clus-
ters: biospheric (4 items), altruistic (4 items), egoistic
(5 items) and hedonic (3 items). Participants will be
asked to rate the importance of these values as guid-
ing principles in their lives, and will be urged to vary
the scores to ensure they only rated few values as
extremely important. An example item for biospheric
value orientation is: “respecting the earth (living in
harmony with other species)” An example item for
altruistic value orientation is: “social justice (correct-
ing injustice, care for the vulnerable and weak)” An
example item for egoistic value orientation is: “social
power (control over others, dominance)” An exam-
ple item for hedonic value orientation is: “enjoying
life (enjoying food, sex, leisure, etc.)” The items will
be measured on a 9-point scale ranging from — 1
(opposed to my principles), 0 (not important) to 7
(extremely important). A mean will be calculated for
each value cluster.

+ Social desirability will be assessed with a 10-item
questionnaire (shorted version of the Marlowe-
Crowne Scale M-C 2 [10], 36] translated to Dutch
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[37], which has been well validated [38]. An example
item is: “I never hesitate to go out of my way to help
someone in trouble” The items will be measured on
a True or False scale. For each statement a person
can score 1 point if he indicates social desirability.
The total scale score will be calculated by adding the
points that people obtain, so it ranges from zero to
ten.

o Pro-environmental plastic waste behaviour will be
assessed with a 7-item questionnaire developed for
the current study and measuring similar items as the
ESM measure regarding plastic pro-environmental
behaviour. The questionnaire consists of the follow-
ing items: “How often have you used plastic pack-
aging in the past week?’, “In case you used a plastic
packaging, how often did you throw it in a separate
waste bin in the past week?”, “In case you used a plas-
tic packaging, how often have you thrown it in a reg-
ular waste bin in the past week?’, “In case you used a
plastic packaging, how often did you throw it on the
ground in the past week?’, “In case you used a plastic
packaging, how many times have you left it some-
where in the past week?’, “In case you used a plastic
packaging, how often have you reused it in the past
week?’, “In case you used a plastic packaging, how
often have you kept a plastic package for later dis-
posal in the past week?” The items will be measured
on a 7-point Likert scale, ranging from 1 (not at all)
to 7 (to a very high degree).

ESM questionnaire

A signal-contingent scheme with semi-random intervals
will be used for the ESM questionnaire. The ESM period
will last for 7 days and participants will receive 10 beeps
per day in bursts between 7.00 AM and 9.30 PM. The first
beep is randomly scheduled between 8.00 AM and 4.30
PM. The 9 consecutive beeps are each randomly sched-
uled between 30 and 45 min from their preceding beep.
A time window is scheduled between beeps, so that there
are at least 15 min between consecutive beeps. The six
sampling schedules will be varied over the different days
of the week (Monday, Tuesday, Wednesday, Thursday,
Friday, Saturday, Sunday) to ensure that the total data-
set contains observations from several timeslots for each
day of the week. Following the initial notification, the
ESM questionnaire will be available to the participant for
15 min.

Following the pilot, we estimate the completion time
for each questionnaire to range from 2 to 4 min. Ques-
tionnaire length does not vary as a function of certain
item responses as filler questions have been used to keep
burden equal independent of item branching. All items of

Page 6 of 10

the ESM questionnaire can be found in an additional file
(see Additional file 2: Appendix 2). The ESM question-
naire consists of 28 multiple choice items, including the
following items that will be used in the analysis:

+ Momentary affect (situational cue) will be assessed
with 4 positive and 4 negative affect items derived
from the Positive And Negative Affect Schedule
(PANAS, 39; 40). The PANAS is considered to be a
reliable and valid measure [41]. Items were selected
to assess a broad range of affect across the dimen-
sions of ‘valence’ (positive—negative) and ‘arousal
(high—low) [42]. Example items are: “I feel cheer-
ful” (positive affect, high arousal), and “I feel down”
(negative affect, low arousal). The items will be meas-
ured on a 7-point Likert scale, ranging from 1 (not
at all) to 7 (very much so) and will be presented in a
random order. A mean will be calculated for positive
affect and negative affect.

« Competitiveness (situational cue) will be assessed
with a single item: “I feel competitive” The item will
be measured on a 7-point Likert scale, ranging from
1 (not at all) to 7 (very much so).

« Time pressure (situational cue) will be assessed with a
single item “I am in a hurry” The item will be meas-
ured on a 7-point Likert scale, ranging from 1 (not at
all) to 7 (very much so).

+ Ego-depletion (situational cue) will be assessed with
a single item “I have a lot of mental energy” derived
and adapted from the State Self-Control Capacity
Scale [43]. The item will be measured on a 7-point
Likert scale, ranging from 1 (not at all) to 7 (a lot)
and rescored in order for high values to reflect a high
score on ego-depletion.

o Presence of other people (situational cue) will be
assessed with a single item: “With whom am I?”
Answers were categorized into 9 different options,
examples being “nobody’, “partner”, “children’; etc.
Presence of other people will be recoded in 0 for
nobody and 1 for all the other categories.

o Gain cue (situational cue) will be assessed with a sin-
gle item: “Are there people present wearing business
clothes?” The item will be measured on a 7-point Lik-
ert scale, ranging from 1 (none) to 7 (a lot).

o Attractiveness surroundings (situational cue) will
be assessed with a single item: “How beautiful is it
here?” The item will be measured on a 7-point Likert
scale, ranging from 1 (not at all beautiful) to 7 (very
beautiful). The item will be recoded in 1=4; 2=3;
3=2;4=1;5=2; 6=3; 7=4, as we are interested in
extreme vs neutral scores.

+ DPresence of green nature (situational cue) will be
assessed with a single item: “How much green do I
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see? You can think of plants, flowers, trees, grass etc’.
The item will be measured on a 7-point Likert scale,
ranging from 1 (none) to 7 (a lot).

o Smell surroundings (situational cue) will be assessed
with a single item: “How pleasant does it smell here?”.
The item will be measured on a 7-point Likert scale,
ranging from 1 (not pleasant at all) to 7 (very pleas-
ant). The item will be recoded in 1=4; 2=3; 3=2;
4=1; 5=2; 6=3; 7=4, as we are interested in
extreme vs neutral scores.

« Presence of clutter (situational cue) will be assessed
with a single item: “How much clutter is present?”
The item will be measured on a 7-point Likert scale,
ranging from 1 (none) to 7 (a lot).

» Presence of waste (situational cue) will be assessed
with a single item: “How much waste is present?” The
item will be measured on a 7-point Likert scale, rang-
ing from 1 (none) to 7 (a lot).

« Presence of plastic recycling bin (situational cue) will
be assessed with a single item: “Can I separate plas-
tic waste nearby?” Answers will be categorized into
3 different options, “yes’, “no” and “I don't know”
Answer options “no” and “I dont know” will be
recoded to 0, “yes” will be recoded to 1.

+ Distance to a plastic recycling bin (situational cue)
will be assessed with a single item: “How far away is
the plastic recycling bin?” The item will be measured
on a 7-point Likert scale, ranging from 1 (not far
away at all) to 7 (very far away). This item will only be
presented to participants who indicated that there is
a plastic recycling bin nearby, other participants will
receive a filler question (“Which other type of waste
can I throw away separately here?”) to keep the bur-
den equal for all participants.

o Plastic usage will be assessed with a single item:
“Since the last beep, have I used something packaged
in plastic? (if this is the first beep of the day, think of
the period since you got up)”. Answers will be catego-
rized into 2 different options, “yes” and “no”

« Plastic waste sorting will be assessed with a single
item: “What have I done with the plastic packaging?
(multiple answers possible in case of multiple plastic
packages)” Answers will be categorized into 7 differ-
ent options: “I threw it away in a separate plastic bin’
“I threw it away in a regular bin’ “I threw it on the
ground’, “I left it behind’, “I am still using it “I kept
it to use again at a later time” and “I saved it to throw
away at a later time” This item will only be presented
to participants who indicated that they used some-
thing in plastic packaging since the last beep, other
participants will receive a filler question (“Since the
last beep, have I used something packaged in glass?”)
to ensure equal burden for all participants. This item
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will be recoded in 1 for “I threw it away in a separate
plastic bin" and 0 for “I threw it away in a regular bin’;
“I threw it on the ground’, “I left it behind” The other
options will be recoded as missing values, since we
want to compare non-environmental behaviour to
plastic waste sorting in this study, and some of the
other options include other types of pro-environ-
mental behaviour like re-using.

Data-analysis

We will use a multilevel logistic model to analyze the
data. The data has a two level structure: repeated meas-
urements (level 1) nested within individuals (level 2). The
dependent, binary variable is sorting plastic waste [1] or
not sorting plastic waste (0; throwing in a normal waste
bin, throwing on the ground or leaving the plastic some-
where) measured with ESM. Predictors will be the values
(hedonic, egoistic, biospheric, altruistic). The situational
factors will be tested as moderators between the specific
values and plastic waste sorting. A correction will be
applied to take the number of performed tests in account.

We will also use a multilevel logistic model to analyze
the results for habits. The data has a two level structure:
repeated measurements (level 1) nested within indi-
viduals (level 2). The main dependent, binary variable
is sorting plastic waste [1] or not sorting plastic waste
(0; throwing in a normal waste bin, throwing on the
ground or leaving the plastic somewhere) measured with
ESM. All situational factors will be predictors, and habit
strength will be tested as a moderator for the situational
factors that significantly predict plastic waste sorting.
A correction will be applied to take the number of per-
formed tests in account.

A repeated measures ANOVA analysis will be per-
formed to see if plastic waste sorting measured by the
online survey increases from before the study (TO) to
after the study (T1).

Discussion

The aim of this study is to gain insight in plastic waste
sorting behaviour, and its individual and situational
determinants, using the Experience Sampling Method.
The innovative aspect of this study lies in the naturalis-
tic setting of the study using the Experience Sampling
Method and the inclusion of both individual and situ-
ational determinants to predict plastic waste sorting
behaviour. The Experience Sampling method, consisting
of multiple measurements in the natural environment, is
a definite strength of the study, as previous studies used
one-time correlational measures when assessing deter-
minants of pro-environmental behaviour [44]. ESM has
many benefits over traditional surveys, such as improved
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ecological validity and the possibility to explore temporal
relationships [25]. This possibility allows us therefore to
measure the situational cues at the preceding time-point
of plastic waste sorting, while ensuring a high ecological
validity of the data.

The measures in this study consist of self-reports. Self-
reports are based on the assumption that people know
their thoughts, feelings and behaviours and can report
on them accurately [44]. Disadvantages of self-reports
are related to misunderstandings of questions, inabil-
ity to access the information that is required, the limits
of memory and social desirability [25]. Many self-report
issues can be resolved however by asking questions in
close temporal proximity to the event of interest [25]. It
minimizes the multiple meanings of questions, reduces
memory and estimation problems and facilitates access
to episodic detail. As ESM studies are conducted in close
temporal proximity to behaviour, the disadvantages of
self-reports are considerably reduced. Social desirability
will also be taken into account as this measure has been
included in the study.

However, compared to traditional surveys, the burden
on participants is considerably higher because of the
repeated questions [45]. To address this issue, the ques-
tionnaire that was designed for this study is short and
takes only a couple of minutes to fill out. Nevertheless,
recruitment of participants can be difficult as ESM stud-
ies are time-consuming [45]. Therefore, we will recruit
participants through multiple platforms, such as social
media, networks, flyers in supermarkets, universities and
sports clubs. Students of the Open University can par-
ticipate in exchange for study credits. Other participants
will be incentivized by providing the results of the study
and underlining the importance of their participation to
help creating a more sustainable planet. The pilot study
showed that the commitment of participants may not be
strong enough, as a considerable amount of participants
were lost due to missing baseline data or too much miss-
ing beep data. Maintaining ongoing personal contact will
therefore be important as this retains participants more
than monetary incentives or dependence upon goodwill
towards science [45]. To encourage participants to fill
in the beeps, a motivational message in the final beep of
each day was included, encouraging them to continue.
To avoid missing baseline data, additional prompts were
added in the ESM application reminding participants
to fill out the baseline survey. These adaptations should
increase participant compliance and retention.

The findings of this research can be theoretically rel-
evant as, for the first time, the Integrated Framework
for Encouraging Pro-environmental Behaviour [13]
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will be tested in the context of plastic waste sorting.
The results will provide insight into the relationship
between situational cues, individual values and plastic
waste sorting behaviour. The practical implications of
the findings of this study can be of interest for policy
makers in order to reach waste reduction targets. The
situational cues that activate values which increase or
decrease plastic waste sorting can be targeted in inter-
ventions for instance. A behaviour change technique
that utilizes situational cues is nudging. Nudging refers
to interventions that organize the choice architecture
in order to change people’s behaviour in an automatic
way without forbidding any options or significantly
changing their economic incentives [46]. If we can dis-
tinguish which situational cues link to plastic waste
sorting behaviour for people with strong habits, future
interventions could specifically target these cues as
they will be most likely to turn plastic waste sorting
into a habit. So both theoretically as well as practically,
this study can have important implications regarding
the understanding and altering of plastic waste sorting
behaviour and pro-environmental behaviour in general.

Abbreviation
ESM: Experience sampling method.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/540359-021-00596-5.

Additional file 1. Appendix 1 - Survey items.
Additional file 2. Appendix 2 - ESM items.

Acknowledgements
The authors would like to thank José Broekema, Els Jans and the Schone Maas
network for their help with the data-collection for the pilots.

Authors’ contributions

The research idea was originated by MV, AL, JL, LF and NJ, VB took over from
MV at a later stage where she also contributed to the research idea. The ques-
tionnaires in the ESM application and the online study were created by MV,
and later adapted by VB by removing and adding items. In this process, there
was a continuous discussion about the content and practical issues with AL,
JL, LF and NJ. Data collection for the pilot was performed by VB and LF, with
the help of AL, JL and NJ. All authors read and approved the final manuscript.

Funding

This research has been awarded an internal grant from the OUNL research
program DALI (Digital Accessible Learning Innovation), theme ‘Safety in urban
environments. The research proposal was peer reviewed by a multidisciplinary
internal OUNL review committee consisting of senior researchers.

Availability of data and materials

Not applicable. Upon completion of this study, the datasets generated and
analysed will be available in the Open Science Framework repository, https://
osf.io/numsd.


https://doi.org/10.1186/s40359-021-00596-5
https://doi.org/10.1186/s40359-021-00596-5
https://osf.io/numsd
https://osf.io/numsd

Broers et al. BMC Psychol (2021) 9:92

Declarations

Ethics approval and consent to participate

This study was approved by the Research Ethics Committee (cETO) of the
Open University (decision #U2019/03119/MQF). Participants will be informed
about the aim of the study with an information letter, and written informed
consent will be obtained online at the start of the first survey.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Environmental Sciences, Faculty of Science, Open Univer-
siteit, Heerlen, The Netherlands. “Department of Lifespan Psychology, Faculty
of Psychology, Open Universiteit, Heerlen, The Netherlands. *Department

of Psychiatry and Psychology, School for Mental Health and Neuroscience,
Maastricht University Medical Centre, PO Box 616, 6200 MD Maastricht, The
Netherlands.

Received: 28 July 2020 Accepted: 24 May 2021
Published online: 03 June 2021

References

1. Andrady AL, Neal MA. Applications and societal benefits of plastics. Philos
Trans R Soc Lond B Biol Sci. 2009;364(1526):1977-84.

2. Gehm R. Plastics on the outside. Autom Eng Int. 2006; 114(8).

3. Breukelman H, Krikke H, Lohr A. Failing services on urban waste manage-
ment in developing countries: a review on symptoms, diagnoses, and
interventions. Sustainability. 2019;11(24):6977.

4. Geyer R, Jambeck JR, Law KL. Production, use, and fate of all plastics ever
made. Sci Adv. 2017;3(7):e1700782.

5. LohrA, Savelli H, Beunen R, Kalz M, Ragas A, Van Belleghem F. Solutions
for global marine litter pollution. Curr Opin Environ Sustain. 2017;28:90-9.

6. Steg L, Vlek C. Encouraging pro-environmental behaviour: an integrative
review and research agenda. J Environ Psychol. 2009;29:309-17.

7. Ajzen . The theory of planned behavior. Organ Behav Hum Decis Process.
1991,50(2):179-211.

8. Schwartz SH. Normative influences on altruism. In: Berkowitz L, editor.
Advances in experimental social psychology, vol. 10. New York: Academic
Press; 1977.

9. Stern PC, Dietz T, Abel T, Guagnano GA, Kalof L. A value-belief-norm
theory of support for social movements: the case of environmentalism.
Human Ecol Rev. 1999; 81-97.

10. Lindenberg S, Steg L. Normative, gain and hedonic goal frames guiding
environmental behavior. J Soc Issues. 2007,63(1):117-37.

11. Wood W, Neal DT. A new look at habits and the habit-goal interface.
Psychol Rev. 2007;114(4):843.

12. Lindenberg S. Social rationality versus rational egoism. In: Turner J, editor.
Handbook of sociological theory. New York: Kluwer Academic; 2001. p.
635-68.

13. Steg L, Bolderdijk JW, Keizer K, Perlaviciute G. An integrated framework for
encouraging pro-environmental behaviour: the role of values, situational
factors and goals. J Environ Psychol. 2014,38:104-15.

14. Schwartz SH. Universals in the content and structures of values: Theoreti-
cal advances and empirical tests in 20 countries. In: Zanna M, editor.
Advances in experimental psychology, vol. 25. Orlando: Academic Press;
1992. p. 1e65.

15. Tett RP, Guterman HA. Situation trait relevance, trait expression, and cross-
situational consistency: testing a principle of trait activation. J Res Pers.
2000;34:397-423.

16. Cialdini RB, Reno RR, Kallgren CA. A focus theory of normative conduct:
recycling the concept of norms to reduce littering in public places. J Pers
Soc Psychol. 1990;58(6):1015-26.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 9 of 10

. Diekmann A, Preisendérfer P. Green and greenback. The behavioural

effects of environmental attitudes in low-cost and high-cost situations.
Ration Soc. 2003;15(4):441-72.

. Lindenberg S. How cues in the environment affect normative behaviour.

In Environmental Psychology, an Introduction. 2012.

. Bateson M, Nettle D, Roberts G. Cues of being watched enhance coop-

eration in a real-world setting. Biol Lett. 2006;2(3):412-4.

Kay AC, Wheeler SC, Bargh JA, Ross L. Material priming: the influence

of mundane physical objects on situational construal and competitive
behavioral choice. Organ Behav Hum Decis Process. 2004;95(1):83-96.

Li W, Moallem |, Paller KA, Gottfried JA. Subliminal smells can guide social
preferences. Psychol Sci. 2007;18(12):1044-9.

Verplanken B, Aarts H. Habit, attitude, and planned behaviour: is habit an
empty construct or an interesting case of goal-directed automaticity? Eur
Rev Soc Psychol. 1999;10(1):101-34.

Verplanken B, Orbell S. Reflections on past behavior: a self-report index of
habit strength. J Appl Soc Psychol. 2003;33(6):1313-30.

Hektner JM, Schmidt JA, Csikszentmihalyi M. Experience sampling
method: Measuring the quality of everyday life. Sage. 2007.

Bolger N, Stadler G, Laurenceau JP, Mehl MR, Conner TS. Handbook of
research methods for studying daily life. 2012.

Wheeler L, Reis HT. Self-recording of everyday life events: origins, types,
and uses. J Pers. 1991;59(3):339-54.

Edwards AL. The social desirability variable in personality assessment and
research. 1957.

Delespaul PAEG. Assessing schizophrenia in daily life: the experience sam-
pling method. Maastricht: UPM, Universitaire Pers Maastricht; 1995.
Olvera Astivia OL, Gadermann A, Guhn M. The relationship between sta-
tistical power and predictor distribution in multilevel logistic regression:
a simulation-based approach. BMC Med Res Methodol. 2019. https://doi.
org/10.1186/512874-019-0742-8.

Lifedata, LLC. RealLife Exp (Version 2.8.26) [Mobile application software].
Retrieved from www.lifedatacorp.com. 2020.

Gardner B. A review and analysis of the use of 'habit’in understanding,
predicting and influencing health-related behaviour. Health Psychol Rev.
2015;9:277-95.

Orbell S, Verplanken B. The strength of habit. Health Psychol Rev. 2015.
https://doi.org/10.1080/17437199.2014.992031.

De Groot JIM, Steg L. Value orientations to explain beliefs related to
environmental significant behavior: how to measure egoistic, altruistic,
and biospheric value orientations. Environ Behav. 2008;40:330-54.

Steg L, Perlaviciute G, Van der Werff E, Lurvink J. The significance of
hedonic values for environmentally relevant attitudes, preferences, and
actions. Environ Behav. 2014;46(2):163-92.

De Groot JIM, Steg L. Value orientations and environmental beliefs in five
countries: validity of an instrument to measure egoistic, altruistic and
biospheric value orientations. J Cross Cult Psychol. 2007,38:318-32.
Crowne DP, Marlowe D. A new scale of social desirability independent of
psychopathology. J Consult Psychol. 1960;24:349-54. https://doi.org/10.
1037/h0047358.

Crutzen R, Goritz AS. Social desirability and self-reported health risk
behaviors in web-based research: three longitudinal studies. BMC Public
Health. 2010;10(1):1-10.

Fischer DG, Fick C. Further validation of three short forms of the Marlowe-
Crowne scale of social desirability. Psychol Rep. 1989,65:595-600.
Engelen U, De Peuter S, Victoir A, Van Diest |, Van den Bergh O. Verdere
validering van de positive and negative affect schedule (PANAS) en
vergelijking van twee Nederlandstalige versies. Gedrag en Gezondheid.
2006;34(2):61-70.

Watson D, Clark LA, Tellegen A. Development and validation of brief
measures of positive and negative affect: the PANAS scales. J Pers Soc
Psychol. 1988;54(6):1063.

Crawford JR, Henry JD. The positive and negative affect schedule (PANAS):
construct validity, measurement properties and normative data in a large
non-clinical sample. Br J Clin Psychol. 2004;43(3):245-65.

Kuppens P, Tuerlinckx F, Russell JA, Barrett LF. The relation between
valence and arousal in subjective experience. Psychol Bull.
2013;139(4):917.

Bertrams A, Unger A, Dickhduser O. Momentan verfligbare Selbst-
kontrollkraft—Vorstellung eines Messinstruments und erste Befunde

au padagogischpsychologischen Kontexten [[Momentary available


https://doi.org/10.1186/s12874-019-0742-8
https://doi.org/10.1186/s12874-019-0742-8
http://www.lifedatacorp.com
https://doi.org/10.1080/17437199.2014.992031
https://doi.org/10.1037/h0047358
https://doi.org/10.1037/h0047358

Broers et al. BMC Psychol (2021) 9:92

44,

45.

self-control capacity — Introduction of a measure and first results from
education-psychological contextsl]. Zeitschrift fir Padagogische Psy-
chologie. 2011;25:185-96.

Khan HZ, Fatima JK, Bose S. Understanding pro-environmental behaviour
of accounting and business students: development of a conceptual
framework. In Ethics and sustainability in accounting and finance (Vol. ).
Singapore: Springer, pp. 69-82; 2019.

Bolger N, Davis A, Rafaeli E. Diary methods: capturing life as it is lived.
Annu Rev Psychol. 2003;54(1):579-616.

Page 10 of 10

46. Thaler RH, Sunstein CR. Nudge: improving decisions about health, wealth,
and happiness. New Haven: Yale University Press; 2008.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Individual and situational determinants of plastic waste sorting: an experience sampling method study protocol
	Abstract 
	Background: 
	Methods: 
	Discussion: 

	Background
	Goals
	Values
	Situational cues
	Experience sampling method
	Hypotheses

	Methods
	Design
	Participants
	Data collection and procedure
	Survey
	ESM questionnaire
	Data-analysis

	Discussion
	Acknowledgements
	References


