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ARTICLE INFO ABSTRACT

Handling Editor: Cecilia Maria Villas Boas de There is an urgent need to implement sustainable plastic use and disposal to prevent further negative conse-

Almeida quences. As it involves human behavior, intervention measures that induce individual human behavioral changes

are essential. While studies and good practices are rapidly increasing in this regard, there is no guarantee that
Keywords: good practices in one area will work equally well in other areas. Therefore, policymakers require appropriate
Barriers

guidance to choose suitable intervention measures for their context. This study proposes a behavioral barrier-
based framework (BBBF) to aid policymakers in selecting context-appropriate intervention measures. The
BBBF is built on the assumption that certain barriers prevent people from making desirable behavioral changes.
The BBBF can help policymakers choose suitable intervention measures for lowering the barriers that inhibit
desirable sustainable plastic use and disposal-related behaviors. The framework includes a generic list of barriers
derived from possible intervention measures that integrate market-based, regulatory, and behavioral approaches
to expedite the identification of critical barriers and corresponding intervention measures. Local stakeholders are
involved in the whole process to reflect contextuality and elicit context-specific intervention measures, desirable
behavioral measures, and their barriers. A BBBF application was developed and tested in Kyoto City, Japan. This
application involved 1000 residents, two focus groups, 14 businesses, and three city officials connected to the
issue. Fifteen intervention measures and three barrier types to induce sixteen desirable behavioral changes for
achieving Kyoto City’s four established policy targets were identified. All barriers were categorized per behav-
ioral approach. The feasibility of the proposed intervention measures was assessed by stakeholders.

Behavioral change
Context dependency
Intervention measures
Plastic waste

Policy Delphi

1. Introduction problem is irreversible because macro plastic eventually breaks down

into microplastic and nanoplastic particles, which are difficult to clear

Plastic production has increased since the inception of mass pro-
duction in the 1950s and has resulted in over 8300 million metric tons of
virgin plastics and over 6300 million metric tons of plastic waste glob-
ally (Geyer et al., 2017). The negative impact of plastic waste permeated
global social-ecological systems deeply and irreversibly (Persson et al.,
2022; Villarrubia-Gomez et al., 2018). Plastic debris has harmed marine
species through entanglement, ingestion, chemical contamination, and
smothering (Derraik, 2002; Kithn et al., 2015; Wilcox et al., 2016).
Additionally, plastic debris can function as a substratum for pathogenic
micro-organisms and parasites (Vethaak and Leslie, 2016). The plastic

due to their small size and ubiquity (Hohn et al., 2020; Lebreton et al.,
2019; Uehara, 2020). Thus, there is an undeniable need to address the
plastic waste problem.

Though there is a growing body of research that reveals the negative
impact of plastic on human health, such as disrupting endocrine
signaling (Landrigan et al., 2020), further research on this topic is
warranted. Even if we can prevent plastic waste from entering the ocean
using good waste management practices, the production and incinera-
tion of plastic have a significant effect on the global atmospheric carbon
budget (Hohn et al., 2020).
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Studies on the economic impacts of plastic and plastic waste include
a comprehensive analysis of the natural capital valuation (UNEP, 2014),
reduction of ecosystem services (Beaumont et al., 2007), social costs of
marine litter measured by willingness to pay and volunteering to clean it
up (Brouwer et al., 2017), and economic costs of addressing marine
plastic problems (Cordier and Uehara, 2019).

There has been an increasing number of modeling and simulation
analyses of long-term changes in plastic pollution (Borrelle et al., 2020;
Chenillat et al., 2021; Cordier et al., 2021; Cordier and Uehara, 2019;
Geyer et al., 2017; Hohn et al., 2020; Lau et al., 2020; van Wijnen et al.,
2019); however, only two common outcomes have been noted. First, all
business-as-usual scenarios project an increase in plastic waste. Second,
reducing the amount of accumulated plastic waste requires significant
effort, including a systemic change in plastic production (Lau et al.,
2020), transformation of the global plastic economy (Borrelle et al.,
2020), or a combination of solutions (Hohn et al., 2020; Lau et al.,
2020). Furthermore, as studies claim that technological solutions are
insufficient, implementing non-technological measures, such as chang-
ing people’s behavior, has become urgent (Cordier et al., 2021; Cordier
and Uehara, 2019).

Two primary phenomena cause unsustainable plastic use and waste
problems: overproduction and overuse of plastic and inadequate man-
agement of plastic waste (e.g., littering and failure to sort plastic waste
for recycling). The social-ecological negative impacts of plastic use and
waste indicate that the production and consumption of plastic are in an
undesirable state (Villarrubia-Gomez et al., 2018). Inadequate plastic
waste management is a primary cause of marine plastic pollution
(Jambeck et al., 2015; Lebreton et al., 2017).

1.1. Intervention measures for behavioral changes

The problems caused by plastics can be considered a conventional
economic problem (e.g., externalities, misaligned incentives, informa-
tion asymmetries), behavioral problem outside the scope of conven-
tional economic problems (e.g., internalities, bounded rationality,
bounded willpower, and bounded selfishness), or their combination
(Carlsson et al., 2019; Kahneman, 2003; Loewenstein and Chater, 2017;
Mullainathan and Thaler, 2015; Thaler and Sunstein, 2008). An example
of a conventional economic problem is overproduction; that is, a type of
market failure referred to as negative externalities (Sterner et al., 2019).
If the social-ecological cost of plastic use and disposal is not fully re-
flected in the market prices of plastic, the production and consumption
of plastic exceed an optimal level. The price signals that govern pro-
ducers’ and consumers’ behavior send the wrong message. An example
of a behavioral problem is failure to sort garbage, indicative of inade-
quate internalization of social norms into people’s decision-making
(Akbulut-Yuksel and Boulatoff, 2021; Czajkowski et al., 2019).

Table 1 presents a comprehensive list of intervention measures,
which could change individuals’ behavior. The list was compiled based

Table 1
Types and examples of intervention measures to change individuals’ behavior.

Types of measures Examples

Market-based Taxes, fees, or charges

Deposit-refund schemes

Subsidies

Regulatory Bans

Standards

Permits (non-tradable)

Mandatory rules

Simplification and framing information
Changes to the physical environment
Changes to the default policy

Use of social norms and salience

Use of feedback mechanisms

Goal setting and commitment devices
Persuasion Non-monetary incentives and disincentives

Behavioral
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on previous studies by Alpizar et al. (2020), House of Lords (2011), ICF
(2018), Lehner et al. (2016), Organization for Economic Co-operation
and Development (2017a), Sterner et al. (2019), Sterner and Coria
(2011), and World Bank (1997). While the first two types of measures
are drawn from conventional economics (Sterner and Coria, 2011),
behavioral measures are gathered from various disciplines, including
neuroscience, psychology, sociology, and behavioral economics (House
of Lords, 2011). Market-based measures include price-based (Pigouvian)
and rights-based (Coasian) measures. Price-based measures exert con-
trol over price signals, which lead to the internalization of negative
environmental externalities such as climate change induced by eco-
nomic activities (World Bank, 1997). While price-based measures con-
trol price signals by using existing markets (e.g., taxation on gasoline),
right-based measures directly control quantities, such as those of pol-
lutants (e.g., carbon dioxide emissions), by creating a trading market for
pollution allowances (Tietenberg, 2005). Regulatory measures change
people’s behaviors by eliminating or restricting their choices (House of
Lords, 2011).

Although behavioral measures are often limited to nudging, the
behavioral measures presented in Table 1 include other non-market-
based and non-regulatory measures, such as non-monetary incentives,
deterrents, and persuasions (House of Lords, 2011; Sunstein, 2014). A
nudge is “any aspect of the choice architecture that alters people’s
behavior in a predictable way without forbidding any options or
significantly changing their economic incentives” (Thaler and Sunstein,
2008, p. 6). Nudging is intended to take advantage of or change people’s
choice architecture to ensure that they behave for their own sake or a
collective end (Beshears and Kosowsky, 2020).

1.2. Study aim

This study aims to develop and test the application of a behavioral
barrier-based framework (BBBF) for selecting intervention measures to
lower barriers inhibiting behaviors that contribute to sustainable plastic
use and disposal. While there is a wealth of literature on intervention
measures (ICF, 2018; Sterner et al., 2019; Sterner and Coria, 2011;
World Bank, 1997) and good practices (European Environment Agency,
2019), such studies are inadequate because the measures are context
dependent (Fogt Jacobsen et al., 2022; Grilli and Curtis, 2021; Lohr
et al., 2017; Sterner et al., 2019). Further, good practices in one context
may not be suitable in other contexts. Additionally, not all measures are
equally effective (Grilli and Curtis, 2021). Policymakers face countless
choices regarding policy targets, desirable behavioral changes that
contribute to them, barriers to changes, and intervention measures to
lower the barriers. While the body of knowledge on intervention mea-
sures drawn from behavioral sciences has increased, its use has been
unsystematic (Lehner et al., 2016). Therefore, a framework for selecting
appropriate measures for each context from a wealth of literature is
needed (Alpizar et al., 2020).

To fill this gap, the BBBF provides guidance for selecting appropriate
measures for each context from a comprehensive list of intervention
measures. The BBBF includes intervention measures from classical
economics and behavioral sciences and aims to address environmental
issues (Table 1). Compiling a single framework will assist policymakers
in systematically selecting an intervention measure from various
options.

This paper explains each step of the BBBF, followed by examples of
its outcomes, using Kyoto City as a case study. Subsequently, we discuss
the strengths and limitations of the BBBF identified during the case study
and draw conclusions.

2. Proposed framework
Fig. 1 provides an overview of the BBBF. Except for Step 0, policy-

makers and residents were involved in the entire process to ensure the
feasibility and appropriateness of the selected intervention measures.
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Step 0:
Develop a generic list of potential barriers and
intervention measures to lower barriers
Method: Reviewtheories and previous cases

Step 1:
Set policy targets

Step 2:
Identify desirable
behavioral changes

Step 3: Step 4:
Identify critical Select intervention
barriers measures

Policy Target 1

1
Behavioral change 2 —ll—b Generic barrier 3

policymakers policymakers

Behavioralchange 1 —+» Generic barrier 1
1

Proposed measure 1

Consultation with policymakers

,

— Proposed measure 2
I
—*
1
I
1
Policy Target 2 Behavioral change 3 —+ Genericbarrier3 —» Proposed measure 3
1
1
Behavioral change 4 —lLb Generic barrier2 —» Proposed measure 4
1
—) —»
1
Methods: Methods: : Methods: Methods:
*+ Document * Focus groups 1 * Questionnaire * Policy Delphi
analysis involving residents : completion by *  Group interview
+ Consultationwith + Consultationwith residents * Consultation with
1
1
1

Fig. 1. Overview of the BBBF
Note. The dashed line indicates that Step 0 is the foundation for Steps 3 and 4.

Throughout BBBF development and application, we consulted con-
cerned policymakers to ensure its usefulness.

Step 0. Developing a generic list of barriers to intervention measures

Step 0 is optional as policymakers can adopt the generic list prepared
for this study (Table 2). We identified 11 barriers (B1-B11) corre-
sponding to 15 intervention measures (I1-115). The barriers corre-
sponding to each intervention measure type (Table 1) were drafted by
drawing on relevant theories and case studies. They were finalized
through discussion among the authors, who are from diverse fields
including waste management, environmental economics, environmental
education, and psychology. The list of barriers matched with interven-
tion measure types provides input for identifying context-specific bar-
riers in Step 3 and intervention measures in Step 4. While the term
“barriers” is widely used in behavioral measures (The Behavioural In-
sights Team, n.d.), we use this term in a broader sense, following the
notion of the “sciences of human behavior” proposed by the House of
Lords (2011, p. 9).

Step 1. Setting policy targets for behavior change

The BBBF adopts policy targets set by municipalities identified dur-
ing document analysis and through consultations with policymakers
(Fig. 1). It is critical to elicit intervention measures readily useful for
municipalities. Such intervention measures must be context-specific; if

policymakers

they are not coordinated with policy targets, they are of little use (Grilli
and Curtis, 2021; Lohr et al., 2017; Sterner et al., 2019).

Step 2 . Identifying desirable behavioral changes to achieve policy
targets

Given the policy targets agreed upon, desirable behavioral changes
corresponding to each target are identified through focus groups. As the
purpose of the focus group is to list desirable behavioral changes rather
than rank them, participant recruiting is purposive. Participants should
satisfy one of two criteria. First, they should be interested in and
knowledgeable about sustainable plastic use and disposal. People with
little interest in this issue might not be aware of possible behavioral
changes. Second, participants must live in the target area and know the
context. Focus groups can be held online using an online whiteboard and
a visual collaboration platform where multiple participants can simul-
taneously post and edit sticky notes.

The researchers using the BBBF subsequently filter and amend the
desirable behavior changes proposed by the focus groups using four
criteria. First, only changes in individual behaviors are included, not
organizational behaviors or other people’s behaviors. Second, the
identified desirable behavioral changes must contribute directly to
policy targets. For example, learning about the seriousness of plastic
waste problems is not included. Third, changes must be appropriate. For
example, some behaviors may not be recommended for sanitary or
safety reasons. Fourth, if critical behaviors are not covered, researchers
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Table 2
Generic list of barriers corresponding to intervention measures.

Barrier Corresponding intervention measure
No. Barrier No. Intervention Intervention
measure type measure
category
Bl Lack of financial 11 Taxes, fees, or Market-based
incentives/disincentives charges
12 Deposit-refund
schemes
13 Subsidies
B2 Current behavior goes 14 Bans Regulatory
unchecked (i.e.,nobansor  I5 Standards
restrictions enforced by 16 Permits (non-
governments or tradable)
municipalities)
B3 Lack of rules that mandate 17 Mandatory rules
required behavior
B4 Approaches for required 18 Simplification and Behavioral

behavior are unclear framing
information
B5 Necessary conditions or 19 Changes to the
facilities for required physical
behavior are lacking environment

B6 Current behaviors are 110  Changes to default
familiar or habitual policy

B7 No monitoring, behavior 111 Use of social norms
goes unnoticed and salience

B8 Effectiveness and meaning 112 Use of feedback
of required behavior are mechanisms
unknown

B9 Details regarding extent 113 Goal setting and
and quality of required commitment
behavior are unclear devices

B10  Lack of persuasion to 114  Persuasion
engage in required
behavior

B1l  Lack of non-monetary 115  Non-monetary

incentives and
disincentives

incentives/disincentives

may add them to the list.

Step 3 . Identifying critical barriers that must be overcome to promote
desirable behavioral changes

Step 3 identifies the critical barrier to each desirable behavioral
change revealed in Step 2 using a questionnaire completed by residents
of the target city or town. The questionnaire asks participants to choose
barriers from a set of generic barriers in Table 2 (1 if selected as a bar-
rier; O otherwise) for each identified desirable behavioral change. It
rates the frequency with which a desirable behavior is implemented on a
6-point Likert scale (always, very often, sometimes, rarely, never, and don’t
know). We adopted a multiplicative model (Smith and Beran, 2012;
Stutsky et al., 2012) to identify the most significant barriers to the
proposed desirable behavioral changes. The model combines the fre-
quency of implementing a desirable behavior and the criticality of a
barrier to the behavior. Frequency is a weighting factor that measures
the scope to improve participants’ behavior. The most significant barrier
corresponding to each behavior is chosen using a multiplicative model
based on the following index:

1 n
standardized B;; = " Z FiiCix )
P

where standardized B;; is the standardized score, divided by the number
of participants of the survey, n; it captures the significance of barrier i to
behavior j. Fjx is the frequency of participant k’s involvement in the
behavior j rated on a Likert scale (always = 0, very often = 1, sometimes
= 2, rarely = 3, never = 4, don’t know = 0). We assigned Os to “always”
and “don’t know.” The former indicates no barrier (i.e., no intervention
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is required, as they implement desirable behaviors) and the latter does
not provide any information about the frequency. C; is the criticality of
the barrier i (1 if selected as a barrier, O otherwise) for participant k. For
each behavior, a barrier with the highest standardized B;; is chosen to
consider intervention measures.

Step 4 . Select intervention measures by evaluating feasibility from a
multi-perspective

Considering critical barriers to behavioral changes identified in Step
3, relevant potential intervention measures to lower these barriers are
listed. As barriers are derived from the 15 intervention measure types
(Table 2), intervention measures are chosen from those matched with
the corresponding intervention measure type. Local stakeholders, such
as municipalities and local businesses, should implement the identified
measures. For example, the development of water bottles made of bio-
plastic would not be considered, as it would need cooperation with non-
local manufacturers.

Two methods are employed to evaluate the feasibility of intervention
measures according to its key stakeholder. A semi-structured group
interview is conducted to evaluate intervention measures implemented
by municipalities. This method is desirable because it obtains views
from several officials (Punch, 2013) and does not require collecting
diverse opinions from multiple organizations. The interview partici-
pants jointly answer questions about the feasibility of intervention
measures using a 5-point scale (1: very easy to implement to 5: very
difficult to implement) and provide remarks. However, intervention
measures for retailers need an approach that can reflect their diverse
opinions. Therefore, the BBBF proposes a policy Delphi to evaluate the
feasibility of intervention measures led by retailers.

A policy Delphi aims to identify diverse views on an issue through
iterative questionnaires completed by participants who have knowledge
of the issue (de Loé et al., 2016; Uehara et al., 2021). It is suitable
because the BBBF intends to provide policymakers with useful comple-
mentary information, such as feasibility and necessary conditions to
implement measures, rather than a final decision. The design of the
policy Delphi follows the specifications developed by de Loé et al.
(2016).

3. Application of the BBBF: the case study with Kyoto City

The BBBF was applied to Kyoto City. Informed consent was obtained
from all participants involved in the BBBF application.

3.1. Policy targets

Kyoto City is in central Japan and has 1,464,890 residents and
727,566 households (Statistics Bureau of Japan, 2021). In 2019, the
emission of single-use plastic was estimated at 51,000 metric tons, and
the estimated use of plastic shopping bags and polyethylene tere-
phthalate (PET) bottles was 2500 metric tons (220 bags per person) and
3400 metric tons (90 PET bottles per person), respectively (Kyoto City,
2021). Kyoto City designed a plan for a recycle-based society, which
includes policy targets to realize sustainable use and plastic disposal
(Kyoto City, 2021). It comprises a reduction in the use of plastic shop-
ping bags, PET bottles, and single-use plastic, improving the separation
of plastic waste, and increasing the use of products made of bioplastic
(Kyoto City, 2021). Throughout the process, we consulted Kyoto city
officials to maintain BBBF application validity. These officials were from
the section of the organization that was involved in developing the plan
for a recycle-based society.

3.2. Desirable behavioral changes to achieve policy targets (steps 1 and 2)

Table 3 presents the policy targets and corresponding desirable
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Table 3
Policy targets and corresponding desirable behavioral changes.

Policy target (Kyoto City) Desirable behavioral change

1. Reduction of plastic bag use from D1
2500 tons (2019) to 400 tons (2030), D2
and from 220 bags per resident (2019) (excluding bioplastics)
to 35 bags per resident (2030) D3 Use bioplastic bags

D4 Adopt lifestyles that avoid
plastic bag use

Do not buy or accept plastic

bottles

Reuse plastic bags repeatedly
Use alternatives to plastic bags

2. Reduction of plastic bottle waste from D5
3400 tons (2019) to 1600 tons (2030),

and from 90 bottles per resident D6 Use alternatives to plastic bottles
(2019) to 45 bottles per resident (excluding bioplastics)
(2030) D7 Use plastic bottles with low

environmental impact

Do not accept or use plastic, or

return plastic without using it

D9 Choose non-disposable
alternatives (excluding
bioplastics)

D10  Choose bioplastic products

D11  Choose products that use less
plastic packaging

D12  Adopt lifestyles that use less or

no disposable plastics

Follow correct methods of waste

sorting

D14 Make it easy to sort waste

D15  Cooperate with in-store
collection

D16  Choose products based on ease of
waste sorting

3. Reduction of disposable plastic waste =~ D8
from 51,000 tons (2019; 2030 not set)

4. Improve plastic waste sorting from D13
46% (2019) to 60% (2030)

behavioral changes for Kyoto City listed in focus groups and in consul-
tation with city officials. Examples of each change raised in the focus
groups are provided in Appendix A.

After consulting with city officials, we included all policy targets the
city had proposed, except for increasing the use of bioplastic containers.
While bioplastic is a promising alternative to fossil-based plastic (Min-
istry of the Environment Japan, 2021), the quantification of a target for
its use is undetermined, as its future availability is difficult to predict.
Furthermore, the current amount being used is unknown. However,
because of its importance, we reflected it in the questionnaire with
residents of Kyoto to capture the current use of bioplastic with other
policy targets.

We held two online focus groups using miro on July 30 and
September 2, 2021. The participants were recruited using snowball
sampling. The first focus group comprised five Kyoto residents, who
were split into two groups. Each group worked on identifying behavioral
changes to achieve an assigned policy target, and 60 sticky notes were
created. Following the four filtering criteria for identifying and
amending the list of desirable behaviors, the authors reorganized and
summarized the notes as 18 behavioral changes.

The second focus group comprised 10 participants, including 4
participants who did not live in Kyoto City but were interested in and
knowledgeable about plastic use and disposal issues. Participants were
presented with the 18 behavioral changes obtained from the first focus
group and produced 109 sticky notes. We applied the four filtering
criteria and reorganized the notes into 16 behavioral changes (D1-D16
in Table 3). Some behavioral changes were excluded, such as “reusing
plastic bottles.” Although it can reduce plastic bottle consumption, it is
not recommended for sanitary and safety reasons (Japan Soft Drink
Association, n.d.; Ono et al., 2004). We separated bioplastics from al-
ternatives to plastic shopping bags, PET bottles, and single-use plastic
for two reasons. First, bioplastic is of special policy importance.
Increasing the rate of bioplastic container use is one of Kyoto City’s
primary targets; however, we did not include it as a policy target in our
study because of feasibility constraints. Additionally, the Japanese
government developed a roadmap for introducing bioplastics as part of
the resource circulation strategy for plastics (Ministry of the
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Environment Japan, 2021), although its impact on the environment
remains unclear (Emadian et al., 2017). Second, as it differed from other
alternatives in terms of its convenience and function, we presumed that
the barriers related to bioplastics might differ from the other alterna-
tives. While there may be a difference in market prices, bioplastics offer
convenience and function, such as lightness and durability, similar to
fossil-based plastics.

3.3. Critical barriers to the desired behavioral changes (Step 3)

An online questionnaire (Appendix B) was administered to Kyoto
residents in November 2021 to identify barriers to desirable behavioral
changes for each policy target. Participants were selected from a pre-
registered panel at a survey company to represent the age and sex dis-
tribution of the population (Appendix C). The barriers were rephrased
from the generic barriers in Table 2 to fit each desired behavioral
change. We consulted city officials on October 20, 2021 to verify the
validity of the questions. The questionnaire was tested with 100 par-
ticipants before the survey. Finally, 1000 residents participated in the
survey. The data needed to replicate the results of this study are pro-
vided as supplementary materials.

Fig. 2 shows the ranking of the criticality of barriers corresponding to
desirable behavioral changes based on Eq. (1) (Appendix D). The matrix
of criticality is read horizontally, that is, row by row for each policy
target, and cells with maximum values are selected. Out of 11 barriers
(B1-B11), 3 barriers were selected as critical: “B4. Approaches to carry
out the required behavior are unclear (How to),” “B6. Current behaviors
are familiar or habitual (Habits),” and “B9. Details of how much to do or
how well one is doing in terms of the required behavior are unclear
(Contributions).” All barriers were categorized per behavioral approach
(Table 2).

3.4. Intervention measures for lowering barriers to desirable behavioral
changes (Step 4)

Step 4, the final step, proposes intervention measures to induce
desirable behavioral changes toward the policy targets. Table 4 is the
final output of the BBBF.

We designed the proposed intervention measures for Kyoto City by
applying the intervention measure types corresponding to critical bar-
riers identified in Step 3 (white numbers in Fig. 2). Accordingly, we
proposed intervention measures categorized per type “P8. Simplification
and framing information” for the barrier “B4. Approaches to carry out
the required behavior are unclear (How to),” type “P10. Changes to the
default policy” for the barrier “B6. Current behaviors are familiar or
habitual (Habits),” and type “P13. Goal setting and commitment de-
vices” for the barrier “B9. Details of how much to do or how well one is
doing in terms of the required behavior are unclear (Contributions).”

As simplification and framing of information (intervention measure
type I8) can prevent information overload, such interventions can
effectively activate individuals’ targeted values and attitudes (OECD,
2017b). Eco-labeling is a commonly-used measure (OECD, 2017b;
Prieto-Sandoval et al., 2016; van der Ven et al., 2018; Wensing et al.,
2020). However, as eco-labels are applied by manufacturers rather than
local businesses, it was not proposed in the BBBF. We proposed that
retailers place information displays in-store, such as in front of products
made of bioplastics.

There are six behavioral changes in which the barrier “B6. Current
behaviors are familiar or habitual (Habits)” is critical (Fig. 2). The
corresponding intervention measure type is to change to the default
policy. People tend to resist change by maintaining the status quo (or
default) until or unless change is inevitable (Johnson and Goldstein,
2003; OECD, 2017a). Mundt et al. (2020) found that separating straws
from drinking cups by default decreased the use of plastic straws. We
proposed to reduce the sales of targeted products, such as plastic bottles,
as changes to the default policy.
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Fig. 2. Matrix for ranking critical barriers by desirable behavioral change

Note. Numbers represent ranking of barrier criticality per desirable behavioral change. B1 to B11 correspond to barrier numbers in Table 2. D1 to D16 correspond to

behavioral change numbers in Table 3.

The intervention measure type “I13. Goal setting and achievement
tracking devices” can encourage commitment to effortful behavioral
changes (OECD, 2017b). The efficacy and generality of goal setting have
been well documented (Locke and Latham, 2006, 2019). Czajkowski
et al. (2019) found that goal setting can help promote household recy-
cling. We proposed measures that clarify required actions and help
people understand how well they are doing (Table 4). While this attempt
could be effective, it is difficult in certain circumstances, such as
continuous measurement of and reporting how often plastic bags are
replaced with their alternatives.

To assess the feasibility of the proposed intervention measures, we
held semi-structured group interviews and a policy Delphi with key
stakeholders of the measures (“Feasibility” and “Feasibility comments”
in Table 4); that is, a semi-structured group interview with Kyoto City
officials and a policy Delphi with retailers. The semi-structured inter-
view with Kyoto City officials was conducted in December 2021 to assess

the feasibility of the proposed measures corresponding to desirable
behavioral changes D4, D13, and D14 (Table 4). The results were mixed.
Preparing a checklist for devising ways to make it easy to separate
plastic waste (proposed intervention measure P4) and for lifestyles
without using plastic bags (desirable behavioral change D13) were rated
as easy (2) and very easy (1), respectively. In contrast, informing resi-
dents of how well others in their area were separating waste was
considered difficult due to a lack of information (P12). It would be
possible to inform residents of the separation on average across the city,
as it is analyzed annually; however, the average across the city is less
connected to how an individual is performing, likely resulting in weaker
motivation to improve one’s behavior. This point warrants further
investigation. Further, we asked the officials regarding the BBBF as a
policy tool and received positive responses, as the BBBF provides useful
information. However, the respondents also mentioned that a pilot test
with a small number of households is required before adopting it.
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Table 4

Proposed measures and key stakeholders for lowering barriers to desirable behavioral change.
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Policy target Desirable behavioral Barrier to Intervention Proposed intervention Key Feasibility Feasibility comments

change behavioral measure type measure stakeholder

change

Reduction of D1 Reuse plastic bags B9 113 P1 Install informational Retailers “I think it is relatively easy
plastic bag repeatedly displays to inform of to display posters for plastic
use possibility and extent reduction if the municipality

of plastic bag reuse. etc. prepare them (D).”

D2 Use alternatives to B9 113 P2 Install informational Retailers
plastic bags displays to encourage
(excluding people to stop using
bioplastics) plastic bags and use

alternative products.

D3 Use bioplastic B4 18 P3 Install informational Retailers “Because bioplastic
bags displays to facilitate shopping bags are

selection of bioplastic expensive, there are no
bags. plans to introduce them at
present (D).”

D4 Adopt lifestyle B9 113 P4 Propose specific Municipality 1. Very easy “It is easy to create a
that avoids plastic lifestyle choices that checklist. However,
bag use do not use plastic delivering the checklist to

bags. citizens is difficult. It is also
difficult to spend money on
publicity.”

Reduction of D5 Do not buy or B6 110 P5 Reduce number of Retailers “Because it is greatly
plastic accept plastic plastic bottles influenced by customer
bottle bottles handled to 50% of demand and manufacturer’s
waste current level by 2030. efforts (D).”

D6 Use alternatives to ~ B6 110 P6 Replace 25% of Retailers “Currently, most of the
plastic bottles current PET bottles products by manufacturers
(excluding with alternatives by are PET bottles.
bioplastics) 2030. Additionally, it is not

possible to collect glass
bottles (VD).”

D7 Use plastic bottles B4 18 P7 Install informational Retailers vwo 2 “We are thinking about not
with low displays to facilitate N 0 replacing it with a
environmental selection of PET E/ve [ g substitute, and to not use it
impact bottles with low Al 0 in the future (Oth.).”

environmental o |4
impact.

Reduction of D8 Do not accept or B6 110 P8 Reduce amount of Retailers vooo @4 “Because we cannot find a
disposable use plastic, or disposable plastics N 6 suitable alternative to
plastic return plastic handled to 50% of L plastic from the viewpoint of
waste without using it current level by 2030. Al s quality assurance and cost

oth. | 2 B
(D).

D9 Choose non- B6 110 P9 Replace 25% of Retailers “It is difficult for us to
disposable current disposable control whether plastic bags
alternatives plastics with for foods and food wraps
(excluding alternatives by 2030. will be replaced (N).”
bioplastics)

D10  Choose bioplastic B4 18 P10  Provide informational = Retailers
products displays to facilitate

selection of bioplastic
products.

D11  Choose products B4 18 P11  Install informational Retailers
that use less displays to facilitate
plastic packaging selection of products

that use less plastic
packaging.

D12  Adopt lifestyle B6 110 P8 Reduce amount of Retailers “Because we cannot find a
that uses less or no disposable plastics suitable alternative to
disposable plastics handled to 50% of plastic from the viewpoint of

current level by 2030. quality assurance and cost
(D).”

Improve D13  Follow correct B9 113 P12  Communicate Municipality 4. Very “We have not surveyed the
plastic methods of waste district’s actual and difficult plastic waste separation rate
waste sorting target plastic waste in the district where people
sorting separation rate. live. However, as surveys

are conducted at three
locations every year for the
whole city, it would be
possible to report the
separation rate for the
whole city.”

(continued on next page)
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Table 4 (continued)
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Policy target  Desirable behavioral Barrier to Intervention Proposed intervention Key Feasibility Feasibility comments
change behavioral measure type measure stakeholder
change
D14  Make it easy to B9 113 P13  Outline types of Municipality 2. Easy “It is easy to create a
sort waste specific activities checklist. However, the kind
people should of activities that should be
undertake. undertaken in the list should
be further considered.
Additionally, delivering the
checklist to citizens is a
difficult issue.”
D15  Cooperate within-  B6 110 P14  Install in-store Retailers “Difficult to secure a place
store collection collection boxes. (VD).”
“Because it may not match
F the store image (D).”
D16  Choose products B4 I8 P15 Install informational Retailers vo/o I “Because the target is too
based on ease of displays to facilitate N = vague (D).”

waste sorting

selection of easy-to-
sort products.

w ol o =

Note. VD/D: Very difficult or Difficult; N: Neutral, E/VE: Easy or Very easy; Al:

A policy Delphi was implemented online (Appendix E) to test the
feasibility of proposed intervention measures, whose key stakeholders
are retailers (Table 4). The policy Delphi comprised two rounds of
questionnaires. The recruitment of the panel of participants was pur-
posive to include targeted types of retailers, such as supermarkets and
grocery stores. In addition to consultations with city officials, we used
the composition analysis of disposed plastic waste by retailer types in
Kyoto City to identify key retailers (Sakai et al., 2019). The panel
included 15 retailers in the first round and 14 out of the 15 in the second,
with a panel completion rate of 93.3%, which is considered high (de Loé
et al., 2016). The panel included supermarkets (3), a convenience store
(1), a drugstore (1), specialty stores (3), restaurants (3), and others (3:
bookstore, souvenir shop, and large retailer). The first round was hosted
online between January 13 and January 23, 2021. The second round
was hosted online between February 10 and February 14, 2022.

Participants assessed the feasibility of each proposed intervention
measure. We asked the participants if they would voluntarily adopt the
measures, with answers rated on a 5-point scale (1 = very difficult [VD];
5 = very easy [VE]). Additionally, we included option 6 for measures
that had already been implemented (AI) and option 7 for other measures
(Oth.) and comments, if any. Voluntary approaches are becoming pop-
ular, complementary to traditional legislation (Furopean Environment
Agency, 2019). Although the questionnaire in the second round asked
the same questions as the first round, the results obtained from the first
round, including the overall summary of all the participants’ inputs and
individual responses, were presented to participants to reconsider their
answers from the first round.

Table 4 presents the feasibility of adopting the proposed measures
voluntarily. Of the twelve proposed measures for businesses, five mea-
sures (P1, P2, P7, P10, and P11) were considered easy (E) or very easy
(VE), and two measures (P5 and P14) were considered difficult (D) or
very difficult (VD) to adopt. The remaining four measures (P6, P8, P9,
and P15) were rated neutrally. The comments presented in Table 4 were
selected to focus on barriers to adopting the proposed measures. Overall,
local businesses cannot adopt certain measures without cooperating
with manufacturers, the municipality, and consumers. In particular, the
feasibility of the proposed measures involving reduction targets by 2030
(i.e., P5, P6, P8, and P9) is dependent on factors such as whether
manufacturers will provide alternatives at a reasonable cost. Therefore,
they were rated as neutral. This finding corroborates the importance of
collaboration among stakeholders.

Already implemented; Oth.: Other.

4. Insights from the BBBF for selecting context-specific
intervention measures

We developed and tested the BBBF for selecting intervention mea-
sures to realize sustainable plastic use and disposal in Kyoto City. To
effectively use the BBBF, it is crucial to articulate insights regarding the
selection of context-specific intervention measures and the strengths and
limitations elucidated through BBBF application.

The BBBF has four strengths. First, it can help policymakers identify
suitable intervention measures from the growing number of studies and
good practices (Grilli and Curtis, 2021; Lohr et al., 2017; Sterner et al.,
2019). While there are typologies of intervention measures (Alpizar
et al., 2020; House of Lords, 2011; ICF, 2018), they do not provide
sufficient guidance for choosing context-specific measures. The Behav-
ioural Insights Team (n.d.) provides a tool to identify critical barriers;
however, it focuses on behavioral approaches.

The application of the BBBF in Kyoto City identified 15 intervention
measures for lowering barriers, which were classified into three barrier
types, for 16 behavioral changes that contribute to the four policy tar-
gets set by Kyoto City. Because the application intended to reflect the
situation of Kyoto City, the types of critical barriers and corresponding
behavioral changes may differ in other places. All barriers were cate-
gorized per behavioral approach (Table 2). Interestingly, a review re-
ported that policies for plastic bags are dominated by bans (56%) and
pricing mechanisms (32%), although some use voluntary agreements
and information campaigns (Nielsen et al., 2019). Similarly, while in-
formation measures dominate in addressing plastic waste in Europe
(42% of all measures), regulatory and market-based measures are rela-
tively popular in the field of plastic waste (European Environment
Agency, 2019). Second, the generic list provided in the BBBF reveals a
comprehensive typology of barriers and intervention measures drawn
from recent developments in behavioral economics and conventional
market-based and regulatory approaches (Alpizar et al., 2020; House of
Lords, 2011; ICF, 2018; Lehner et al., 2016; OECD, 2017a; Sterner et al.,
2019; Sterner and Coria, 2011; World Bank, 1997). In line with the
science of human behavior (House of Lords, 2011) and behavioral
change approaches (Grilli and Curtis, 2021), it is important to embrace
all approaches to change human behavior. This enables policymakers to
identify which type of intervention measures to consider for achieving
their policy targets based on critical barriers to desirable behavioral
changes. Although the selection of intervention measures is undeniably
context-specific, the generalization of barriers and corresponding
intervention measures gathered from the literature (i.e., the list devel-
oped for the BBBF) should be universally applicable and instrumental.
Some studies examined barriers and corresponding intervention
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measures (Grilli and Curtis, 2021; McKenzie-Mohr, 2011). However, the
BBBF, including the generic list, is comprehensive in its selection of
corresponding measures and barriers and targets sustainable plastic use
and disposal with explicit steps that reflect the context. Third, by
involving local stakeholders during Steps 2 to 4 (Fig. 1), context-specific
intervention measures were elicited (Step 4) along with desirable
behavioral changes (Step 2) and their critical barriers (Step 3) for
contextual policy targets (Step 1; Table 4). Fourth, the steps are simple
and do not require sophisticated analytical techniques. As the generic
list is readily available, the steps can be implemented without the help of
highly skilled professionals.

Several limitations of the BBBF should be noted. First, the BBBF
should be tested in other contexts to validate its usefulness. Second, it
focuses on intervention measures that can be implemented by local
stakeholders; however, resolving plastic problems should involve a
wider range of stakeholders, including manufacturers (Alpizar et al.,
2020). For example, a national beverage company developed plastic
bottles made with 100% plant-derived materials (Suntory, 2021), giving
retailers an important option for reducing the amount of fossil-based
plastic bottles. Further studies including multiple level stakeholders
are required. Third, while the BBBF evaluates the feasibility of each
measure, it does not guarantee implementation, which involves addi-
tional processes. Furthermore, some proposed intervention measures
may not be easy to implement. Although the BBBF was tested and
developed in consultation with policymakers, the effectiveness of pro-
posed measures using the BBBF was not tested. Nonetheless, the eval-
uation provides references or starting points for considering the
possibilities. Fourth, the BBBF does not examine synergies and trade-offs
between intervention measures, although they are important (Fogt
Jacobsen et al., 2022; Sterner and Coria, 2011).

5. Conclusions

The BBBF helps identify suitable intervention measures from infinite
possibilities. However, it does not primarily intend to contrive innova-
tive measures. The BBBF assumes that an intervention measure that
lowers critical barriers to desirable behavioral change is effective for
attaining sustainable plastic use and disposal. To expedite the identifi-
cation of barriers and corresponding intervention measures, we devel-
oped a generic list of barriers corresponding to and derived from existing
intervention measure types. Among the proliferation of barriers and
intervention measures, as well as their combinations, the generic list
helps policymakers identify critical barriers and derive corresponding
intervention measures, guided by the identified intervention measure
types linked to the listed barriers. By applying the BBBF in Kyoto City,
this study revealed 15 potential desirable behavioral changes, three
types of critical barriers to these changes, and 16 corresponding inter-
vention measures to attain four policy targets (Table 4). As the BBBF,
including the generic list, is based on broad literature and not restricted
to plastic use and disposal, it could be applied to other waste-related
problems requiring interventions to lower barriers to desirable behav-
ioral change.
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