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This study aims to conduct an importance-performance evaluation framework
under the theoretical aspects of adaptive capacity for community-based plastic
waste management (CBPWM). Additionally, we identified the matrix of the
importance-performance levels of CBPWM, and estimated the community’s
adaptive behavior towards CBPWM. The results indicate that residents have a
high perception of the importance of all adaptation indicators in CBPWM, but
perceive the indicators’ implementation is plagued by poor performance. The
respondents emphasize the significance of several adaptation indicators that can
enhance the adaptive capacity for CBPWM, namely, “developing waste collection
systems”, “building connections between resident associations”, “collaborating
among stakeholder’s groups”, “adopting a zero-waste lifestyle”, and “empowering
independent waste collectors”. The study also reveals that socioeconomic,
perceptual, and behavioral factors related to adaptation indicators impact
residents’ willingness to participate in CBPWM strategies. This study is valuable
as a starting point for building community adaptive capacity for plastic waste
management. It is relevant to addressing both current and future plastic pollution
problems in Vietnam, as it is based on actual assessments of the community.
Determining the importance and performance of adaptive indicators provides
valuable insights for policymakers in developing mechanisms and promoting
opportunities for CBPWM.
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1 Introduction

Plastics have become the predominant commodity globally, and are now found in almost
all types of commercial products, with their usage continuing to increase at unprecedented
rates around the world (Geyer, 2020). Plastic waste (PW) has been identified as the second-
largest waste stream, following food waste (Bukkarapu et al., 2018). As of now, the global
production of COVID-19 pandemic-related PW has exceeded eight million tonnes, of which
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around 25,000 tonnes have been deposited in the world’s oceans
(Peng et al., 2021). The convenience of plastic has led to a global
crisis in plastic waste management (PWM), as its high durability
means it takes hundreds of years to decompose, thus posing a threat
to the planet and its ecosystems, both marine and freshwater, across
all regions of the world (da Costa et al., 2020; Geyer, 2020). Given
these worrying trends, some actions have been implemented to
combat PW pollution on a global scale (da Costa et al., 2020).
However, the current PWM system appears to be inadequate for
keeping up with the relentlessly growing amount of PW being
generated.

Like many developing countries, Vietnam faces significant
challenges in adopting sustainable PWM practices. Vietnam is
among the countries most affected by PW globally, with an
annual discharge of approximately 1.8 million tonnes (Jambeck
et al., 2015). One of the most significant obstacles to effective PW
reduction and management is the lack of community cooperation
(Liu et al., 2021). To effectively reduce PW, communities must
change and adapt existing practices and behaviors (Liu et al., 2021).
However, each community may have different perspectives and
require unique PWM strategies. Therefore, a critical concern for
policymakers is how to respond to changing circumstances and
encourage adaptability to reduce PW.

The ineffective management and disposal of PW have resulted in
severe environmental pollution, especially in developing countries with
inadequate waste management infrastructure (Rai et al., 2019b; Phan
et al., 2022). While various technological solutions have been proposed
to mitigate this problem, there is increasing recognition that building
the adaptive capacity of local people and communities is essential for
long-term success (Armitage, 2005; Jones, 2020). Gallopín (2006) argues
that encouraging adaptive capacity is crucial in developing and
strengthening waste management strategies that can respond to
varying situations. Cinner et al. (2018) indicate that in order to
adapt to climate change, we need to focus on five aspects including
assets, flexibility, social organizations, learning, and agency. According
to Jones (2020), adaptive management is a viable option for waste
management. However, to date, no research has examined the factors
that contribute to building adaptive capacity and identified strategies
that can be implemented to enhance the adaptive capacity of local
communities in managing PW.

The Importance-Performance Analysis (IPA) is a valuable
evaluation technique that can identify areas requiring immediate
attention and improvement, as well as areas of strength (Martilla
and James, 1977). This method offers insights into the aspects of a
service that significantly influence customer satisfaction and loyalty,
as well as the service factors that need improvement to rectify an
unsatisfactory situation (Boley et al., 2017). In general waste
management, IPA is a tool that can be used to prioritize actions
that need to be taken by identifying the importance of different
factors and how actions perform against those factors (Bui et al.,
2020; Phan et al., 2022). The application of IPA in waste
management can assist in identifying the most pressing areas
that need to be addressed, and provides a basis for community-
led solutions. However, there has been no research conducted to
build a conceptual framework of adaptive capacity for PWM using
the IPA method, nor has any study compared the significance and
effectiveness of adaptation indicators for PWM among urban and
rural residents. This study uses the IPAmodel developed by Martilla

and James (1977) to systematically examine how communities
perceive adaptive capacity indicators in PWM in Danang. The
study’s primary objectives are to i) develop a set of indicators of
adaptive capacity to communities in PWM (hereafter referred to as
adaptation indicators) through literature review and focus group
discussions; ii) assess the community’s perceptions of indicators of
adaptive capacity for PWM by rating their importance-performance
(I-P) levels; iii) analyze which factors impact community
participation using logistic regression models; and iv) build an
assessment framework for adaptive capacity indicators in PWM.
By adopting an importance-performance analysis and a
community-based approach, the results from this study will
provide insights into building the adaptive capacity of local
people and communities, which can contribute to the
development of effective and sustainable solutions to PW pollution.

2 Materials and methodology

2.1 Study site

Danang, situated on Vietnam’s central coastline and considered
a primary city of the Central Key Economic Zone, consists of six
districts in urban areas and two districts in rural areas (Figure 1),
with a population estimated at 1,188,374, as of 2022 (GSO, 2022). Of
this population, males account for approximately 576,000, while
females make up over 558,000. The city’s population growth and
economic expansion have led to a rise in waste production, creating
strain on the city’s waste management capabilities, which are
currently grappling with 1,100 tonnes of solid waste and
150 tonnes of PW per day (Sara and James, 2020). Currently,
Danang lacks a formal system for collecting plastic for recycling,
as existing machines and equipment fail to separate dry recyclables
from other waste fractions. As a result, potentially recyclable
materials become contaminated, making recycling extraction
more difficult (Sara and James, 2020; Phan et al., 2022). The city
largely operates in a linear manner, disposing of waste without
recovering inherent material value. The informal recycling sector
(i.e., waste pickers), which numbers between 1,000 and 1,800 people,
is responsible for most of the PW recycled in Danang (Sara and
James, 2020). While the informal sector contributes significantly to
waste management in the city, this impact is limited. Therefore,
assessing the adaptive capacity of the community, its importance
and performance perceptions toward PWM is of great significance
for policymakers and managers.

2.2 Adaptive capacity framework

Adaptation refers to changes in the actions and characteristics of
a system that enhance its ability to deal with external stressors (Folke
et al., 2003; Cinner et al., 2018). Societies with high adaptability can
quickly and efficiently respond to change. Armitage (2005) posits
that a society’s ability to adapt depends on its collective capacity to
act and resolve conflicts among members, which is a factor heavily
influenced by governance. The adaptive capacity of social systems
refers to the capability of human actors and communities to adjust to
changes while maintaining human wellbeing over time (Smit and
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Wandel, 2006). Several dimensions have been identified by
researchers to evaluate the adaptive capacity of communities,
such as managing risks and uncertainties, planning, developing
skills in learning and reorganization, having financial and
emotional flexibility, and demonstrating a willingness to adapt
(Marshall et al., 2012). For environmental management, the
adaptive capacity of communities has been evaluated in various
sectors, such as water management (Chaffin et al., 2016), natural
disasters (Seara et al., 2016), and climate change (Cinner et al., 2018),
but no studies have examined the adaptive capacity of residents for
PWM. Jones (2020) indicates that the adaptive capacity of residents
has been associated with gender, awareness, infrastructure of the
area, and social capital for waste management. Based on the five
aspects of adaptive capacity outlined by Cinner et al. (2018),
combined with documented review and stakeholder interviews,
this present study builds a set of ten adaptation indicators to

assess the socio-economic conditions, awareness, and adaptive
capacity of residents in managing PW (Table 1). The five
dimensions of adaptive capacity for PWM are described below.

Firstly, assets, which are important resources in waste
management, increase the adaptability of individuals and
communities to changes in PWM. Assets include developing
waste collection systems (Rai et al., 2019a; Blazquez and Paredes-
Belmar, 2020) and setting up a local waste bank (Raharjo et al., 2017;
Kubota et al., 2020). Secondly, the flexibility of adaptive capacity
represents the variety and flexibility of strategies, including policy
changes, to mitigate, control, and address any future increases in
PW. The flexibility to adapt to PWM refers to incorporating eco-
friendly materials (Gill et al., 2020; A. T. Nguyen et al., 2020) and
promoting 3R solutions (Wichai-Utcha and Chavalparit, 2019;
Escario et al., 2020). Thirdly, social organizations are the domain
of adaptive capacity that refers to the cooperation, collective action,

FIGURE 1
Map displaying the study locations [adapted from Phan et al. (2023)].

TABLE 1 Adaptive indicators for PWM.

Aspects of adaptive capacity Adaptive capacity indicator References

Assets Developing waste collection systems Rai et al. (2019a); Blazquez and Paredes-Belmar (2020)

Setting up a local waste bank Raharjo et al. (2017); Kubota et al. (2020)

Flexibility Incorporating eco-friendly materials Gill et al. (2020); Nguyen et al. (2020)

Promoting 3R solution Escario et al. (2020)

Social organizations Building connections between resident associations Tsai et al. (2021)

Collaborating among stakeholders groups Jones (2020)

Learning Educating and supporting waste segregation and recycling Agbefe et al. (2019); La Fuente et al. (2022)

Adopting a zero-waste lifestyle Castigliego et al. (2021)

Agency Empowering independent waste collectors Sasaki and Araki (2013)

Empowering community organizations Benites-Lazaro and Mello-Théry (2019)
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and knowledge-sharing for waste management (Jones, 2020).
Variables that may be relevant to social organizations in waste
management include building connections between resident
associations (Tsai et al., 2021) and collaborating among
stakeholders groups (Jones, 2020). Fourthly, learning is the
capacity of humans to identify changes, attribute them to causal
factors, and evaluate potential response strategies based on feedback
obtained from evidence (La Fuente et al., 2022). Learning to respond
to PW mitigation refers to waste segregation and recycling, and
adopting a zero-waste lifestyle (Castigliego et al., 2021). Lastly,
according to Jones (2020), adaptive capacity in waste
management refers to agency, which is the foundation to create
alternative future scenarios when large-scale changes are necessary.
Benites-Lazaro and Mello-Théry (2019) and Li et al. (2020) suggest
that governments, development agencies, and civil organizations can
build social capital by facilitating long-term connections between
groups by empowering independent waste collectors and
community organizations. This is because waste management is
most effective when communities are empowered, have the capacity
to mobilize resources, and use participatory planning (Benites-
Lazaro and Mello-Théry (2019).

The scores of adaptive indicators show how important (or
unimportant) and how well (or poorly) a given household
performs regarding adaptive capacity for PWM. These scores can
also help to compare which variables are related to the adaptive
range of a household, community, or society. Therefore, an adaptive
set of indicators may offer a potential approach to improving PWM
systems. Based on IPA analysis, we developed a conceptual
framework for adaptive capacity in PWM. The framework
envisages that adaptability to most effectively reduce and manage
waste and exploit opportunities depends on the capacity to adapt.
Figure 2 provides a visual representation of the conceptual

framework, highlighting the different components addressed in
this study.

2.3 Questionnaire design

A questionnaire was developed based on a literature review, focus
group interviews with stakeholders, and preliminary findings from a
pilot survey with 70 participants on adaptive capacity for PWM. The
pilot survey aimed to test the clarity and validity of the questions in the
questionnaire. Feedback from the participants was collected to make
necessary modifications and improve the usability of the questionnaire.
The formal questionnaire consists of three parts, written in Vietnamese
language. The first part is a warm-up section that includes basic
questions about the residents’ awareness, attitudes, and behaviors
towards adaptive capacity for PWM. This part aims to offer an
overview of the present state of PW in Danang. The second part
includes ten indicators that measure the I-P levels of adaptive capacity
for PWM in five dimensions including assets, flexibility, social
organizations, learning, and agency (Table 1). A five-point Likert
scale is used to evaluate the I-P levels of the adaptive capacity
indicators, with scores ranging from 1 (the least important/extremely
dissatisfied) to 5 (the most important/strongly agree for performance)
(V. V. Nguyen et al., 2021). The final section gathers information about
respondents’ socioeconomic characteristics, including gender, marital
status, age, education, income, occupation, and place of residence.

2.4 Data collection

The data for this research were obtained via face-to-face interviews
that utilized a systematic random sampling method, which is widely

FIGURE 2
Conceptual framework for evaluating the adaptive capacity for PWM.

Frontiers in Environmental Science frontiersin.org04

Thuy Phan et al. 10.3389/fenvs.2023.1243084

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1243084


regarded as the most dependable technique in IPA studies. Conducting
face-to-face interviews has the advantage of allowing the interviewers to
clearly explain the adaptive capacity indicators and their I-P to the
respondents, which helps them decide whether to participate in
answering the questionnaire or not. Ethical considerations were
taken into account to ensure the protection of respondents’ dignity,
welfare, privacy, and confidentiality. The interviewers visited
households in the study area and invited residents to participate in
the survey. If they agreed, the interviewer explained the study’s
objectives, potential benefits, and questionnaire before starting the
survey. A team of enumerators who had received extensive training
in ethical criteria conducted the interviews. Sampling was conducted
from February to April 2022, and a total of 520 local respondents were
selected using simple random sampling techniques for the survey.
Vaske (2008) highlighted that a sample size of 400 is generally
accepted for achieving population generalization with a confidence
level of 95% and amargin of error of ±5% in human dimension studies.
A total of 508 completed questionnaires were gathered from those
submitted by 520 participants, resulting in a response rate of 97.69%.
Only 2.31% of responses were excluded due to incomplete or
implausible responses. The study participants were all at least
20 years old and were requested to answer an on-site questionnaire
that covered the community’s perceptions of the I-P of adaptive
capacity indicators for PWM and the residents’ characteristics.

2.5 Data processing and analysis

Upon cleaning the data, they were entered and analyzed with the
Statistical Packages for Social Sciences (version 26; SPSS Statistics

Inc., Chicago, IL, USA). The data analysis involved three main steps.
Initially, a pairwise t-test was executed to conduct a gap analysis with
the purpose of identifying the degree of alignment between
performance and importance perceptions (Chen et al., 2021; V.
V. Nguyen et al., 2021). This is measured as performance minus the
importance of indicators. A positive gap indicates that the perceived
performance of the indicator was equal to or greater than its
perceived importance. Conversely, a negative gap indicates that
the indicator’s perceived performance was lower than its
perceived importance. Afterward, IPA was carried out using I-P
grids to display indicators, as outlined by Martilla and James (1977).
The IPA model, illustrated in Figure 3, consists of four quadrants
that signify four distinct strategies, with performance depicted on the
x-axis and importance on the y-axis. Quadrant A, referred to as
“keep indicators well-maintained”, contains indicators with a high
level of performance and a high level of importance. The
recommended strategy is to maintain the current system.
Quadrant B, known as “improvement indicators”, includes
indicators with a performance level below the average (low).
Focus should be placed on the improvement of the indicators in
this quadrant. The low priority C quadrant consists of indicators
that residents consider unimportant, and their performance is
likewise perceived as low, leading them to be identified as “low-
priority indicators”. Improvements in the C quadrant are not given
much priority. Quadrant D, known as “possible overkill indicators”,
contains indicators with a high-performance rating, however
residents do not consider these attributes important enough.
Therefore, instead of focusing on this attribute, it is
recommended that resources be diverted to other indicators that
require themmore. An alternative way of categorizing attributes is to

FIGURE 3
The importance–performance analysis matrix (Adapted from Ahmed, 2021; Martilla and James, 1977).
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use an upward diagonal line at a 45-degree angle, known as an ‘iso-
rating’ or ‘iso-priority’ line, to designate management priorities.
Items that fall directly on the line suggest that their level of
performance matches their level of importance. However, items
positioned above the line suggest that their performance is
inadequate in relation to their level of importance and require
improvement (Bacon, 2003; Boley et al., 2017; Ahmed, 2021).

Finally, the study assessed the influence of socioeconomic factors
(i.e., income), the connection among social organizations, assets
(i.e., infrastructure), flexibility (i.e., 3R, eco-friendly solutions),
community empowerment, perceived I-P of adaptation indicators
affected residents’ willingness to participate (WTP) in adaptation
strategies for PWM. Respondent’s income levels were classified into
two groups: those with monthly income less than 7,000,000 VND
(approximately 296 USD) and those with income equal to or exceeding
7,000,000 VND. The study constructed two models to assess the
community’s behavior regarding adaptation indicators for PWM.
The first model had “WTP in adaptation strategies for PWM” as
the dependent variable and included independent variables such as
income, awareness, and attitudes towards PW, as well as the overall
mean of the perceived importance of adaptive capacity indicators for

PWM. The second model included all variables from the first model,
but with the overall mean of adaptive capacity indicator performance in
PWM replacing the overall mean of perceived importance. The overall
mean of perceived importance and performance of adaptive capacity
indicators were included as quantitative variables in both models, while
the remaining variables were nominal.

3 Empirical results

3.1 Respondents’ demographic profile

The socio-demographic characteristics of the respondents’
identities are summarized in Table 2. Among the 508 interviewees,
males made up 53.5% of the sample, while females accounted for 46.5%.
The sample only included people over the age of 20, withmore than half
(53.1%) aged between 20 and 39, while 32.3%were aged between 40 and
59, and only 14.6% were over 60 years old. In terms of education, more
than half (54.7%) of the total respondents had a university degree or
above, while 26.2% had vocational education, and only 19.1% had upper
secondary education or below. The average income question in this

TABLE 2 Respondents’ demographic profile.

Characteristics All respondents Urban residents Rural residents

Variable Frequency % Frequency % Frequency %

Gender

Female 236 46.5 190 45.8 46 49.5

Male 272 53.5 225 54.2 47 50.5

Age (years)

20–39 270 53.1 242 58.3 28 30.2

40–59 164 32.3 114 27.5 50 53.8

≥60 74 14.6 59 14.2 15 16.1

Education

Upper secondary or below 97 19.1 68 16.4 29 31.2

Vocational education 133 26.2 124 29.9 9 9.7

University or above 278 54.7 223 53.7 55 59.2

Household monthly income (VND)a

Lower 7,000,000 353 69.5 286 68.9 67 72.1

7,000,000-10,000,000 94 18.5 72 17.3 22 23.7

More than 10,000,000 61 12 57 13.8 4 4.3

Awareness of adaptive capacity for PWM

PWM infrastructure (Yes) 195 38.4 165 39.8 30 32.3

Flexible PWM solutions (Yes) 120 23.6 117 28.2 3 3.2

Empowering community organizations (Yes) 339 66.7 287 69.2 52 55.9

WTP in adaptive capacity indicators to manage PW (Yes) 411 80.9 343 82.7 68 73.1

Total 508 415 93

a1 USD is approximately 23,650 VND.
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study revealed that 69.5% of households earned less than 7 million per
month, while the remaining 30.5% earned more than 7 million per
month. Regarding awareness of adaptive capacity for PWM, only 23.6%
of respondents indicated that PWM solutions were flexible, and 38.4%
indicated that the PWM infrastructure met their requirements. The
majority of respondents (66.7%) agreed with empowering community
organizations to participate in PWM, and 80.9% expressed WTP in
adaptive capacity indicators to manage PW.

3.2 Residents’ perceived
importance–performance of adaptive
capacity for PWM

Figure 4 illustrates that the overall mean scores for the importance
of adaptation indicators in PWM ranged from a high of 4.45 to a low of
3.86. Notably, all respondents indicated a high level of importance for all
adaptation indicators in PWM. Nevertheless, they claimed that these
indicators are performing poorly.

The result in Table 3 displays the average I-P scores for the ten
studied items and the paired-sample t-tests for the mean differences
between I-P. Based on the table, both urban and rural residents
attributed significant importance to all adaptation indicators related
to PWM, with an overall mean of 4.27 and 4.20, respectively. However,
they noted that these indicators were not performing well, with an
overall mean of 2.34 and 2.28 for urban and rural residents, respectively.
Among the indicators, the “building connections between resident
associations” indicator had the highest mean I-P gap for urban and
rural residents at 2.26 and 2.31, respectively, while the “educating and
supporting waste segregation and recycling” indicator had the lowest
mean I-P gap at 1.34 and 1.37 for urban and rural residents, respectively.

The urban residents rated “educating and supporting waste
segregation and recycling” and “adopting a zero-waste lifestyle”
as highly important (M = 4.46), while the “setting up a local waste
bank” was rated as the least important (M = 3.88). Similarly, urban
residents rated “educating and supporting waste segregation and
recycling” as highly performing (M = 3.12), while the “setting up a
local waste bank” was rated as the lowest performing (M = 1.75). On
the other hand, with the same set of items, rural residents rated
“incorporating eco-friendly materials” as highly important (M =
4.43), and “educating and supporting waste segregation and
recycling” as highly performing (M = 3.02). Conversely, rural
residents rated “setting up a local waste bank” as the least
important (M = 3.76) and lowest performing (M = 1.69).

Table 3 also shows that the paired-sample t-tests indicate
significant differences between the importance and performance
levels of all adaptation indicators in PWM. This means that there are
significant gaps between the I-P scores of all adaptation indicators,
indicating the need to improve their performance. The results of the
ANOVA analysis (see Supplementary Appendix SA1) also
demonstrate that the main factors affecting the performance of
adaptation indicators are the connections between stakeholders and
the empowerment of community organizations.

3.3 Importance-performance analysis
results

3.3.1 Importance–performance analysis of
adaptive capacity indicators for PWM

As stated in the methodology section, the positioning of the
crosshairs on the I-P grid did not rely on the midpoint or average

FIGURE 4
Overall differences in importance and performance of adaptive capacity for PWM.
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values of the raw scores. Instead, we utilized the mean discrepancies
between the raw scores for importance or performance and their
corresponding means (which were set at 0) to determine the
placement of the crosshairs. All respondents indicated that five
items might be perceived to perform well, as they fell below the iso-
rating line (i.e., incorporating eco-friendly materials, promoting 3R
solutions, educating and supporting waste segregation and recycling,
setting up a local waste bank, and empowering community
organizations), while the five items located above the line require
further attention and improvement (i.e., developing waste collection
systems, building connections between resident associations,
collaborating among stakeholders groups, adopting a zero-waste
lifestyle, and empowering independent waste collectors) (see
Figure 5).

Moreover, based on the four quadrants, all respondents
indicated that three items (i.e., incorporating eco-friendly
materials, promoting 3R solutions, and educating and supporting
waste segregation and recycling) were in the quadrant representing
“keep indicators well-maintained”, while the items “developing

waste collection systems”, “building connections between resident
associations”, “collaborating among stakeholders groups”,
“adopting a zero-waste lifestyle”, and “empowering independent
waste collectors” were located in the quadrant representing
“improvement indicators”. Finally, two items, “setting up a local
waste bank” and “empowering community organizations” were
located in the “low-priority indicators” grid (Figure 5).

3.3.2 Importance–performance analysis between
urban and rural residents

The results in Figure 6 show that rural respondents rated all six
items as performing well below the iso-rating line, while urban residents
rated five of six items as performing well. Conversely, rural residents
have four items and urban residents have five items positioned above
the iso-rating line, indicating that the performance of these attributes is
inadequate relative to their level of importance. Therefore,
improvement of these indicators is necessary.

Additionally, a visual examination of the rating grid plots
representing the adaptive capacity indicators for PWM is

TABLE 3 Results of IPA between urban and rural residents.

Indicator Importance* Performance* Gap (P-I) Sig. (2-tailed)

Urban residents (n = 415)

Developing waste collection systems 4.33 (4.26; 4.39) 2.25 (2.19; 2.31) −2.08 0.00

Setting up a local waste bank 3.88 (3.81; 3.96) 1.75 (1.70; 1.80) −2.13 0.00

Incorporating eco-friendly materials 4.38 (4.32; 4.44) 2.89 (2.84; 2.94) −1.49 0.00

Promoting 3R solutions 4.33 (4.26; 4.40) 2.84 (2.78; 2.90) −1.49 0.00

Building connections between resident associations 4.28 (4.21; 4.35) 2.02 (1.98; 2.06) −2.26 0.00

Collaborating among stakeholders groups 4.29 (4.22; 4.36) 2.12 (2.07; 2.17) −2.17 0.00

Educating and supporting waste segregation and recycling 4.46 (4.4; 4.52) 3.12 (3.07; 3.18) −1.34 0.00

Adopting a zero-waste lifestyle 4.46 (4.40; 4.51) 2.25 (2.19; 2.30) −2.21 0.00

Empowering independent waste collectors 4.29 (4.23; 4.36) 2.23 (2.17; 2.28) −2.06 0.00

Empowering community organizations 4.03 (3.95; 4.1) 1.89 (1.84; 1.94) −2.14 0.00

Overall mean 4.27 2.34

Rural residents (n = 93)

Developing waste collection systems 4.27 (4.21; 4.33) 2.14 (2.08; 2.20) −2.13 0.00

Setting up a local waste bank 3.76 (3.69; 3.84) 1.69 (1.63; 1.74) −2.07 0.00

Incorporating eco-friendly materials 4.43 (4.36; 4.5) 2.99 (2.92; 3.05) −1.44 0.00

Promoting 3R solutions 4.29 (4.23; 4.35) 2.76 (2.70; 2.82) −1.53 0.00

Building connections between resident associations 4.26 (4.19; 4.32) 1.95 (1.91; 1.98) −2.31 0.00

Collaborating among stakeholders groups 4.16 (4.1; 4.22) 2.09 (2.04; 2.14) −2.07 0.00

Educating and supporting waste segregation and recycling 4.39 (4.32; 4.45) 3.02 (2.96; 3.08) −1.37 0.00

Adopting a zero-waste lifestyle 4.39 (4.33; 4.44) 2.19 (2.14; 2.25) −2.2 0.00

Empowering independent waste collectors 4.16 (4.1; 4.22) 2.17 (2.11; 2.23) −1.99 0.00

Empowering community organizations 3.94 (3.86; 4.01) 1.8 (1.75; 1.84) 0.00

Overall mean 4.20 2.28

Note: * Importance/Performance Mean (95% confidence interval).
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displayed in Figure 6. Three items, namely, “incorporating eco-
friendly materials”, “promoting 3R solutions”, and “educating and
supporting waste segregation and recycling” were positioned in
Quadrant A (keep indicators well-maintained), indicating that
both urban and rural groups have similar perceptions of these
indicators. This suggests that maintaining their current level of
performance is critical to achieving sustainable PWM in Vietnam.
Three items were rated as falling within Quadrant B (improvement
indicators) by both urban and rural residents: “developing waste
collection systems”, “building connections between resident
associations”, and “adopting a zero-waste lifestyle”. Meanwhile,
the items “setting up a local waste bank” and “empowering
community organizations” were in Quadrant C (low-priority
indicators) for both urban and rural residents. It is noteworthy
that the urban and rural residents rated the items “collaborating
among stakeholder’s groups” and “empowering independent waste
collectors” differently. Urban residents perceived these indicators to
be in the “improvement indicators” quadrant, while rural residents
rated them as falling into the “low-priority indicators” quadrant.

3.4 Determinants of residents’ participation
behavior of adaptive capacity for PWM

The attitudes and actions of residents towards adaptive capacity
indicators for PWM may contribute to improving waste
management practices in Vietnam. To determine how residents
are likely to respond to adaptation strategies, this study used their
WTP in adaptation strategies for PWM as the dependent variable,
while their socio-economic characteristics and the overall I-P means

of PWM adaptation indicators were used as independent variables.
Two logistic regression models were developed based on these
variables, and the results are shown in Table 4.

Both models revealed that six variables positively correlate with
participation behavior (see Table 4). This means that these factors
have a significant impact on the residents’ WTP in adaptation
strategies for PWM. Considering the coefficients of the variables
in both models, we found that the factor of empowering community
organizations had the greatest impact on residents’ WTP for
adaptation strategies in PWM, followed by flexible solutions, the
overall mean I-P, infrastructure, income, and the connection among
social organizations. Table 4 shows that Chi-square value is highly
significant in the two models, with values of 242.37 and 229.72, df =
6, p < 0.0000, respectively, indicating both models produced reliable
results within the model specifications for residents’ participation
behavior in PWM adaptation indicators. The Akaike information
criterion (AIC) of the two models demonstrated favorable and
acceptable results. With regard to the Nagelkerke R2, the values
for two models equal 0.609 and 0.584, respectively, suggesting that
the two models explain 60.9% and 58.4% of the variation in results,
respectively. Moving on to the Hosmer and Lemeshow test of
goodness of fit, this indicates that both models are a good fit for
the data with p-values of 0.72 and 0.51, respectively, which are much
greater than the significance level of 0.05.

4 Discussion

This study utilized the IPA approach to develop a conceptual
framework for community-based PWM adaptive capacity. The

FIGURE 5
The I-P plot of the 10 adaptive indicators for PWM.
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results identify three main issues to be discussed regarding
respondents’ differing perspectives on adaptive capacity in PWM.

The first main finding is that all respondents acknowledged the
importance of adaptation indicators for PWM, but they perceived that
the performance of these indicators did not meet their standards of
importance. In fact, Table 3 indicates the presence of P-I gaps for all
adaptation indicators, indicating that improvements are needed, as the
performance of these crucial indicators was lower than their perceived
importance. Addressing these concerns should be prioritized to
enhance adaptive capacity for PWM. Rural residents deemed these
indicators less important than their urban counterparts, but they
reported higher satisfaction with their performance, as evidenced by
their perceptions of PWM adaptation indicators shown in Table 3.

Secondly, the results of the IPA analysis indicate that five out of
the ten adaptation indicators fall below the iso-rating line,
suggesting that their performance may be perceived as good
(Figures 5, 6). Three indicators in the “keep indicators well-
maintained” quadrant were identified by urban and rural
residents, as well as by all respondents, as being very important
to the community and stakeholders. These indicators are currently
being satisfactorily addressed by current efforts and are already
being performed well by the community and managers. They need
to be maintained or enhanced to continue the reduction of PW. By
being responsive to communities’ needs and expectations, the
responsible organizations can continue to build trust and
credibility, ensuring that PWM efforts remain effective over the
long term. This finding aligns with previous studies that have

identified “incorporating eco-friendly materials”, “promoting 3R
solution”, and “educating and supporting waste segregation and
recycling” as good adaptation indicators to reduce the negative
impact of plastic on the environment (Gill et al., 2020; Nguyen
et al., 2020; La Fuente et al., 2022). Simultaneously, to adapt to
changes in PWM, the implementation of these indicators requires a
concerted effort from individuals, businesses, and governments
(Wichai-Utcha and Chavalparit, 2019; Escario et al., 2020).
Meanwhile, the “improvement indicators” quadrant includes
three indicators: “adopting a zero-waste lifestyle”, “developing
waste collection systems”, and “building connections between
resident associations”. This quadrant suggests that the
organizations responsible for PWM should focus on these areas
of high importance to stakeholders, but are currently
underperforming. By doing so, an organization can address
community and stakeholder needs and expectations, which can
enhance its reputation, build trust, and increase support for
adaptive capacity in PWM (Rai et al., 2019a; Jones, 2020; Tsai
et al., 2021). Lastly, the “low-priority indicators” quadrant includes
the indicators “setting up a local waste bank” and “empowering
community organizations”. These indicators are rated low in
importance by the community and also perform poorly in terms
of meeting their needs or expectations. This indicates areas where
resources can be re-allocated to more pressing concerns or where
improvement efforts may not be necessary. However, it is important
to note that even “low-priority indicators” of PWM should not be
entirely neglected, as these aspects may still be important to some

FIGURE 6
I-P plot of adaptive capacity for PWM between urban and rural residents.
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stakeholders or have an impact on the overall success of the
management efforts, as suggested by Deng and Pierskalla (2018)
and Phan et al. (2022).

Noticeably, two indicators are rated as quadrant B
(improvement indicators) by urban residents, while those
rated by rural residents are located in quadrant C (low-
priority indicators) (Figure 6). This indicates that urban
residents perceive two indicators, namely, “collaborating
among stakeholder groups” and “empowering independent
waste collectors”, as important but underperforming, whereas
rural residents consider these indicators to be of lesser
importance and also performing poorly. Based on these
findings, it is recommended that local authorities in urban
regions prioritize and allocate additional resources toward
improving these indicators. In fact, “collaborating among
stakeholder groups” is limited in Vietnam (Phan et al., 2022).
Therefore, by collaborating among these stakeholder groups, a
more comprehensive and coordinated approach to PWM can be
developed (Tsai et al., 2021). This can lead to the implementation
of more effective policies, the adoption of more sustainable
practices, and the creation of innovative solutions for reducing
PW. Collaborating among stakeholder groups can help build
greater awareness and understanding of the issue(s) and
encourage more widespread participation and action toward
addressing the problem of PW (Jones, 2020; Kubota et al.,
2020). In addition, independent waste collectors do not have a
say in society, but they play a crucial role in waste management in
Vietnam (Sara and James, 2020). Thus, “empowering

independent waste collectors” is important to ensure that they
are provided with safe working conditions, tools, resources, and
the knowledge they need to improve their livelihoods while also
promoting sustainable waste management practices. Finally, it is
remarkable that in this study, none of the indicators fell into the
D quadrant (possible overkill indicators). This indicates that, in
our study, there were no adaptation indicators that residents
considered to be less important yet performing well.

Lastly, the results of the logit model revealed that residents
who had higher income, were interested in empowering
community organizations, attached a higher rating to the
importance or performance of adaptation indicators, preferred
flexible solutions, expected infrastructure improvement, and were
concerned about the connection among social organizations were
significantly more likely than other respondents to participate in
adaptation strategies for PWM. This finding supports previous
research by Huynh et al. (2022), who stated that residents with
higher incomes are more likely to engage in waste reduction
campaigns. Furthermore, our results also confirm the
importance of living conditions, income, and infrastructure as
incentives for people to mitigate PW, as discussed in previous
studies by Rai et al. (2019a) and Jones (2020). According to Jones
(2020), connections among social organizations can raise
awareness, mobilize communities, and advocate for policies
and practices that promote sustainable PWM. Trust and social
cohesion within communities can also play an important role in
helping people support each other in managing PW (Tsai et al.,
2021; Huynh et al., 2022). Connections across communities can

TABLE 4 Residents’ perception of adaptation behavior for PWM.

Variable names Logit model

Model I Model II

Coeff. Std. error Coeff. Std. error

Constant −10.82*** 1.64 −8.70*** 1.48

Connection among social organizations (1 represents yes, otherwise 0) 0.53** 0.21 0.48** 0.21

Infrastructure (1 represents yes, otherwise 0) 1.90*** 0.41 1.85*** 0.39

Flexible solutions (1 represents yes, otherwise 0) 2.64*** 0.74 2.44*** 0.70

Empowering community organizations (1 represents yes, otherwise 0) 2.72*** 0.35 2.93*** 0.35

Income (1 represents 7,000,000 VND and above, otherwise 0) 1.71*** 0.43 1.65*** 0.42

Overall importance mean 2.07*** 0.36 - -

Overall performance mean - - 2.87*** 0.59

McFadden Pseudo R2 0.49 0.46

-2Log likelihood 242.37 229.72

χ2 242.37, df = 6, p < 0.0000 229.72, df = 6, p < 0.0000

AIC 267.0 279.7

AIC/N 0.52 0.55

Hosmer & Lemeshow test p = 0.72 p = 0.51

Nagelkerke R2 60.9% 58.4%

Note: ***, **are significant at p < 0.01, and p < 0.05, respectively.
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act as a source of social capital that can support adaptation in the
context of waste management. Environmental managers and
policymakers can use this information to design a platform
that encourages residents’ engagement based on the adaptive
capacity indicators of the I-P, as well as residents’
socioeconomic backgrounds. Therefore, residents with a higher
level of awareness are expected to be more likely to adapt to PWM.
Overall, identifying indicators in the IPA quadrants can help
Danang develop accurate strategic plans, thereby facilitating
effective improvements to their adaptive capacity for PWM.

5 Conclusion

The key contribution of this study is to evaluate the adaptive
capacity of a community in terms of PWM, to compare urban and
rural residents’ perceptions, and to understand the determinants
of residents’ perceptions and their adaptive behavior towards
PWM. Through a literature review, we identified ten essential
indicators of adaptive capacity for managing PW. Subsequently,
we formulated a structured questionnaire and collected responses
from 508 residents of Danang, Vietnam. Using IPA and logistic
regression modeling, we determined the adaptation indicators
that were both highly regarded and effective in PWM. The results
of the IPA grids show that adaptive capacity for PWM entails a
dual challenge. To develop efficient and practical solutions, it is
necessary to address the weaknesses and underperforming
attributes of adaptation indicators, while taking into
consideration the perspectives of different respondents. These
indicators included “developing waste collection systems”,
“building connections between resident associations”,
“collaborating among stakeholder’s groups”, “adopting a zero-
waste lifestyle”, and “empowering independent waste collectors”.
Furthermore, this study examines the factors that influence
residents’ WTP in adaptive capacity for PWM, taking into
account their social backgrounds, perceptions, and behaviors
regarding adaptation indicators. The findings suggest that
residents would benefit from receiving guidelines and action
plans to assist them in making well-informed choices and
evaluating the sustainability of PWM activities. In addition,
responsible authorities should engage with community
residents to enhance management quality, promote adaptation,
foster social connections, and increase transparency and
accountability in this domain.

Nevertheless, this study has its limitations. Firstly, the
adaptation indicators are based on interviews and expert
consensus. Therefore, it is advisable to include additional
technical validity assessments in future research to mitigate
potential biases that could affect the final results. Secondly, to
contribute more to the scholarly literature, future research should
conduct comprehensive investigations across various cities or
countries. This approach would allow for comparisons between
academic findings and practical outcomes, considering that the
current study is limited to Da Nang City, Vietnam.
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