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ABSTRACT

Municipal solid waste (MSW) is a continuous environmental challenge in the modern
world. Thus, this study aims to compare the knowledge of MSW management (MSWM) and
Health Belief Model (HBM)-related perceptions between experimental and control groups
before and after implementing the 5Rs (Refuse, Reduce, Reuse, Repair, and Recycle) with the
HBM program. Using a quasi-experimental, two-group pretest-posttest design, the
experimental group participated in a six-week educational program. Questionnaires covered
general information, knowledge of MSWM via the 5Rs with the HBM-based program and
HBM-related perceptions. Data analysis included descriptive statistics, means, and standard
deviations. The study involved 220 participants, mostly with a primary education level. They
were evenly distributed between the experimental and control groups. Results revealed the
experimental group demonstrated significantly higher knowledge scores (X = 40.13, SD =
1.435) compared to the control group (X = 31.78, SD = 2.435), with a p-value of < 0.001.
Mean scores for four perceptions of HBM, namely perceived susceptibility and severity of
improper waste segregation, as well as perceived benefits and barriers to proper waste
segregation, were significantly higher in the experimental group than in the control group, with
p-values of < 0.05 for each perception. These findings offer valuable insights for addressing
and managing MSW issues sustainably, with potential benefits for environmental impact
reduction and human health promotion. Furthermore, these research findings can serve as
crucial data for implementing MSWM strategies in the Pong district of Phayao province.
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INTRODUCTION

The problems of municipal solid
waste (MSW) have increased significantly
worldwide—a trend that appears to be
continuing. MSW reflects the culture that
produces it and adversely affects both
human health and the environment.'
Annually, the global population produces
2.01 billion metric tons of MSW, and a
minimum of 33 percent of that waste is not
handled in an environmentally friendly
manner.> Due to insufficient financial and
material resources, the issue of solid waste
management is more significant in
developing countries than in developed
ones.*

Thailand’s MSW generation has
grown steadily over the past decade.® The
amount of MSW generated in Thailand is
the 14™ highest in the eastern Asia-Pacific
region, and the average amount of MSW
generated is 1.08 kilograms per capita per
day.® In 2022, Phayao Province produced
nearly 100,000 tons of solid waste.” In
Pong, where most residents are farmers,
chemicals are used in farming, and garbage,
including plastics and chemical containers,
is inappropriately burned, leading to
pollution. Therefore, education is necessary
for district residents to manage waste
properly, such as by placing chemical
containers in hazardous waste bins.
Moreover, poor waste management can
lead to soil pollution,® water pollution,’
floods by decreasing the capacity of the
drainage system to carry water,! ¢ !
greenhouse gas emissions,!'?"1* ocean plastic
accumulation,'> and hazardous leachate
emissions.”> > To prevent these problems,
studies on proper waste management
should be conducted.

The 5Rs strategy is an effective way
to manage waste, and it is important to
understand its different applications. For
instance, the 5Rs may consist of Refuse,
Reduce, Reuse, Repair, and Recycle. In

other contexts, the SRs may include Refuse,
Reduce, Reuse, Rot (for composting
organic materials), and Recycle,'® or
Reduce, Reuse, Recycle, Repurpose, and
Refuse. !’ Previous studies have revealed
that implementing the 5Rs can significantly
improve individuals’ waste management
behaviors. 18- 1 In a recent study, the
participants revealed a positive attitude
toward the 5Rs.!® A study in Thailand
found that after implementing the 5 Rs
program, the experimental group showed
improved mean scores in knowledge,
motivation, and household waste reduction
behavior compared to their pre-experiment
scores.!” Thus, educational initiatives on the
5Rs should be reconsidered to emphasize
the program’s advantages and the dangers
of improper practices, such as refusing to
wear masks or reusing masks.

Furthermore, the health belief
model (HBM) appears to be effective in
emphasizing the role of behavioral change
and preventive behaviors. 2% 2! The HBM
states that when individuals recognize risks,
they understand the benefits of changing
their behavior and consider any barriers to
adopting healthier habits. 22 The HBM
consists of different domains: perceived
susceptibility, perceived severity,
perceived benefits, perceived barriers, cues
to action, and self-efficacy.?*% Initially, the
HBM primarily applied to ill patients;
however, in recent years, it has been used to
predict a wide variety of health-related
behaviors.?

The 5Rs framework and the HBM
can be integrated to promote sustainable
MSW management (MSWM) in residential
areas. This integration can influence not
only waste management knowledge but
also perceptions of its importance and
people’s willingness to participate in it.
Cohen and Uphoff ?7 classified participation
into four types: (1) participation in decision
-making, (2) participation in implementation,
(3) participation in benefits, and (4)
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participation in evaluation. By encouraging
participation from residents, community
leaders, and related authorities, the program
can work with them to achieve their goals.

Most studies in Thailand have
focused on implementing 3Rs (Reduce,
Reuse, and Recycle) programs in waste
management, and the results appear to be
effective.?®?’ While certain studies utilizing
the SRs approach have not incorporated the
Health Belief Model (HBM)!83, there are
limited studies in Thailand that have
implemented 5 Rs Programs to improve
MSWM knowledge and apply the HBM
among rural residents living in Phayao.

Thus, this study aims to compare
knowledge of MSWM and HBM-related
perceptions, including perceived

susceptibility and severity of improper
waste segregation, as well as perceived
benefits and barriers of proper waste
segregation, between experimental and
control  groups before and after
implementing the 5 Rs based program. The
results provide valuable insights that can be

applied to effectively address and
sustainably manage MSW issues, thereby
reducing environmental impacts and

promoting human health.

METHODS

Research Design and Participants

This study employed a quasi-
experimental two-group pretest-posttest
design to compare knowledge scores and
HBM-related perceptions between the
experimental and control groups before and
after implementing the 5Rs with the HBM
program. To gather data for analysis, the
study relied on a quantitative research
method, specifically ~ questionnaires
administered to both the experimental and
control groups. The intervention was
implemented in Pong district, Phayao
province, Thailand, between January and
December 2023.

The population in this study
consists of residents from selected sub-

districts in Pong district. In 2023, Pong
district, which comprises 7 subdistricts, had
a total population of 39,216 and 12,882
households.?! Improper waste disposal was
a common issue, especially in specific sub-
districts within the Pong district. For
instance, Oi, Ngim, and Naprang
subdistricts experienced improper waste
disposal of more than 0.4 tons per day.’?
The experimental group sample selection
included the Oi subdistrict, Ngim
subdistrict, and Na Prang subdistrict.
Simple random sampling was conducted by
drawing lots. For the control group, sample
selection included residents from the Pong
subdistrict, Pha Chang Noi subdistrict,
Khuan subdistrict, and Khun Khuan
subdistrict, and simple random sampling
was similarly conducted by drawing lots.

The inclusion criteria ~ were
individuals aged 18 and over, both male and
female, living in Pong district. They were
willing to participate in the research and
capable of communicating and providing
information during the intervention. The
exclusion criteria included residents who
were unable to fully participate in the study
process, those who relocated over the
course of the study, and individuals who
expressed a desire to withdraw from the
study.

The sample size was determined
using Heinisch’s formula® for calculating
independent sample sizes for experimental
studies. The results of the sample size
calculation indicated that 100 participants
per group were initially needed. To account
for potential exclusions, an additional 10%
was added, resulting in 110 participants for
each group in this study. Data were
collected from a sample group of one
person per household. Using
questionnaires, pre-test assessments of
knowledge related to the 5 Rs of waste
management and perceptions related to the
HBM were conducted before the six-week
intervention. Post-test assessments were
conducted after the intervention.
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Research Procedures and Instruments

This study comprised three phases.
The first phase involved a literature review
of MSWM using the 5Rs principle and the
HBM, alongside gathering general
information about residents in the study
area regarding their MSWM knowledge
and behavior. In the second phase, the data
collected in the first phase were utilized to
develop and implement educational
programs. Based on the literature review,
questionnaires were developed as data
collection instruments. The third and final
phase involved pre-test assessments,
intervention participation, and post-test
assessments.

According to the pre-and post-test
assessments, questionnaires were
administered with the following structure:

Section 1: Multiple-choice and
open-ended questions on demographic
factors, such as gender, age, household
status, education, occupation, income,
household characteristics, number of
household members, duration of residency,
recyclable waste selling frequency, and
general waste disposal methods, totaling 12
items.

Section 2: Items  assessing
knowledge in managing MSW using the
5Rs strategy. Examples of the items
included statements such as “Reusing
products can help reduce the amount of
municipal solid waste” and “Using
shopping baskets instead of plastic bags
when making purchases at the market can
reduce the amount of municipal solid
waste.” This knowledge self-assessment
uses a S5-point rating scale, ranging from
strongly disagree (1 point) to strongly agree
(5 points). There are a total of 10 items,
resulting in scores ranging from 10 to 50
points.

Section 3: Items examining four
perception components related to the HBM.

These components include perceived
susceptibility, severity, benefits, and
barriers. Examples of the items included
statements such as “Water sources that are
contaminated with municipal solid waste
can affect human health if the water is used
or consumed” (perceived susceptibility)
and “Burning garbage is one of the most
serious causes of cancer” (perceived
severity). Each component consists of 10
items, which are rated using a 5-point rating
scale that ranges from strongly disagree (1
point) to strongly agree (5 points). This
section comprises a total of 40 items. Each
component’s score falls between 10 and 50
points.

The validity of the questionnaire
was assessed by three experts, and the
Index of Item-Objective Congruence (I0C)
was used to determine the validity of each
item. The overall IOC was 0.95. Then, a
trial was conducted with 30 individuals
who were not part of the main sample.
Subsequently, Cronbach’s coefficient alpha
(o) was calculated for each component of
the  questionnaire. =~ The  reliability
coefficient of the first section, MSWM
knowledge, was 0.87. Regarding the HBM-
related  perceptions, the  reliability
coefficient of the perceived susceptibility
was 0.80, the perceived severity was 0.86,
the perceived benefits was 0.94, and the
perceived barriers was 0.79.

Intervention

The study utilized a program based
on the 5Rs (Refuse, Reduce, Reuse, Repair,
Recycle) and the HBM for solid waste
management, incorporating a rural-
development participation approach.?’” The
5Rs with HBM intervention in this study
was designed, aiming to improve the
participants' understanding of MSWM and
their perceptions related to the HBM.
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5Rs
(Refuse, Reduce, Reuse,
Repair, and Recycle)

HBM Principles
(Perceived
Susceptibility, Severity,
Benefits and Barriers)

Figure 1. The Study’

Initially, the intervention was
designed with information gathered from
residents’ discussions, and it involved
decision-making processes to improve
waste management practices. Residents
actively implemented waste management
strategies aligned with the 5Rs and HBM

| MSWM Knowledge |

HBM-related Perceptions

- Perceived Susceptibility

(Awareness of the risk of improper
MSWM)

- Perceived Severity

(Understanding the severity of health issues
from improper MSWM)

- Perceived Benefits.

(Recognizing the benefits of employing SRs
to the environment]|)

- Perceived Barriers

(Identifying obstacles in practicing SRs)

s 5Rs and HBM Integration

principles, exploring the benefits of proper
waste management while considering the
risks and barriers associated with improper
behaviors. The program evaluation
involved recapping the intervention with
the experimental group.

¥ ¥

Week 1: Orientation
and conducting the
pre-test focusing on
knowledge related to

Week 2: Presenting MSWM using the 5Rs with
HBM principles
Week 3: Participants” MSWM practices using the
5Rs with HBM principles

Week 6: Discussing the
5Rs with HBM program
and conducting the pre-test
focusing on knowledge

MSWM and HBM- Week 4: Discussing the results of the participants’ related to MSWM and
related perceptions MSWM practices and perceptions using the 5SRs with HBM-related perceptions
before participating HBM principles in previous weeks after participating in the
in the 5Rs with Week 5: Continuing to conduct MSWM practices 5Rs with HBM program
HBM program using the 5Rs with HBM principles
Figure 2. The 5Rs with HBM Program
The experimental group Week 1: The intervention program

participated in the 6 - week program as
outlined below:

began with an orientation session. The
researchers introduced themselves,
explained the program’s objectives, and
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facilitated a discussion on program
participation. The participants completed a
pre-test questionnaire. These activities took
approximately 2 hours.

Week 2: The program focused on
educating the participants about MSWM
using the 5Rs and HBM principles. The
researchers explained the risks associated
with  improper waste sorting and
demonstrated proper techniques through
brochures, posters, videos, and discussions.
The participants learned about the diseases
caused by exposure to hazardous waste.
The benefits of waste separation and the
common challenges they may face when
separating waste were also highlighted.
This 6-hour session aimed to deepen the
participants’ understanding of the 5 Rs
principles and the HBM.

Week 3: The participants applied
the ideas they brainstormed during Week 2
into practice in their own homes. They were
required to manage solid household waste,
considering the 5 Rs principles and the
HBM.

Week 4: The participants discussed
the results of their home experiments to
present and exchange insights. Each
participant explained the advantages and
disadvantages they encountered. The
participants collaboratively identified the
most  effective  waste  management
practices. This session lasted
approximately 3 hours.

Week 5: The participants continued
to implement MSWM practices. This
allowed them to integrate the knowledge
and experience gained from Week 3 and the
practical experience shared by other
participants in Week 4 into their ongoing
waste management efforts.

Week 6: The participants reviewed
the program, shared their experiences, and
discussed future waste management
practices, boosting their confidence in
managing MSW effectively. Post-test

assessments using the same questionnaire
were conducted during this 3-hour session.

The control group, on the other
hand, had two meetings with the
researchers. In Week 1, they provided their
consent and registered for participation.
The researchers conducted an orientation
session, outlining the study’s objectives,
data procedures, and result presentation.
Similar to the experimental group, they
completed both the pre-test in Week 1 and
the post-test in Week 6.
Statistical Analyses

The data gathered in this study were
analyzed using IBM SPSS Statistics
software. Descriptive statistics were used to
portray  the characteristics of the
participants. The data regarding knowledge
scores in solid waste management before
and after employing the 5Rs with the HBM
program, along with data on HBM-related
perceptions, including perceived
susceptibility and severity of improper
waste segregation, as well as perceived
benefits and barriers of proper waste
segregation, were analyzed using t-tests for
independent samples. The mean scores and
standard  deviations of both the
experimental and control groups are
presented. A p-value <0.05 was considered
statistically significant.

Ethical Considerations

This study was approved by the
Human Ethics Committee of the University
of Phayao, with certification document
number UP-HEC 1.2/085/66.

RESULTS

A total of 220 participants were
involved in this study, with 110 participants
in the experimental group and 1 1 0
participants in the control group.
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Table 1. Characteristics of the experimental and control groups

Experimental group Control group
Variable (n=110) (n =110)
Number Percentage Number Percentage

Gender

Male 41 37.27 43 39.09

Female 69 62.73 67 60.91
Age groups (years), mean (SD) 35.0 (9.843) 36.0

(9.965)
Education level
- Primary education 80 72.73 82 74.55
- Secondary education 25 22.73 23 2091
- High school education/ Vocational 5 4.55 5 4.55
certificate
Occupation
- Agriculture workers 70 63.64 69 62.73
- Employee/ Freelancer 35 31.82 36 32.73
- Merchant 5 4.55 4 3.64
- Government officer / State 0 0 1 091
enterprise officer
Household status
- Host 110 100 102 92.73
- Resident 0 0 8 7.27
Monthly family income
< 5,000 baht/month 80 72.73 80 72.73
5,001 — 10,000 baht/month 27 24.55 24 21.82
10,001- 20,000 baht/month 3 2.73 6 545
Residence Time (years), 20 21
mean (SD) (23.875) (23.985)
Frequency of selling recyclable
waste
1 time/month 49 44.55 47 42.73
2 times/month 21 19.09 19 17.27
> 2 times/month 40 36.36 44 40.00
Waste separation behavior
- Disposing household waste in 20 18.18 19 17.27
plastic bins
- Disposing household waste in 80 72.73 76 69.09
plastic or garbage bags
- Separating household waste into 10 9.09 15 13.64
different types of containers, such as
biodegradable waste, recyclable
waste, and general waste
As shown in Table 1, the groups. Most of the participants had a

participants in both groups are

similar,

indicating that they could be appropriately

assigned as experimental and

control

primary education level. The average age of
participants in the experimental group was
35 years (SD = 9.843), while in the control
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group, it was 36 years (SD 9.965).
Additionally, a significant portion of the
participants were engaged in farming,
agriculture, or  livestock  farming.
Furthermore, the participants reported
selling recyclable waste once per month,
with a frequency of 44.55% in the

experimental group and 42.73% in the
control group. Additionally, most of the
participants collected MSW by gathering it
in plastic or garbage bags, accounting for
72.73% in the experimental group and
69.09% in the control group.

Table 2. Participants’ knowledge scores in solid waste management before and after

participating the 5SRs program

Experimental
. sroup Contlz)l group
Variable (n =110) (n=110) t df P-value
M S.D. M S.D.
Before the 32.89 3.124 32.75 3.056 0.345 109 564
experiment
After the 40.13 1.435 31.78 2.435 11.500 109  <0.001°
experiment
* p-value < .05
Regarding the first research both groups showed similar knowledge

objective aimed at comparing knowledge
scores in MSWM between the experimental
and control groups before and after
employing the 5Rs in conjunction with the
HBM program, positive results were
observed. Initially, as depicted in Table 2,

scores. However, post-intervention, the
experimental group displayed notably
higher knowledge scores (X =40.13, SD =
1.435) than the control group (X =31.78,
SD =2.435; t=11.500, p =< 0.001).

Table 3. Participants’ mean scores of HBM-related perceptions before and after participating

the SRs program
Experimental group Control group
Variable (n=110) (n=110) t df P-value
M S.D. M S.D.
Perceived
susceptibility
Before the 32.67 3.657 32.43 3.468 0.267 109 765
experiment
After the 46.67 1.823 32.23 1.324 3.900 109 003"
experiment
Perceived
severity
Before the 30.35 3.729 31.02 3.854 0.178 109 675
experiment
After the 33.48 1436 3089 1876  3.044 109 002"
experiment
Perceived
benefits
24.23 2.402 24.03 2.580 0.200 109 435
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Experimental group

Variable (n=110)

Control group

(n=

110) t df P-value

M S.D.

M

S.D.

Before the
experiment
After the
experiment
Perceived
barriers
Before the
experiment
After the
experiment

35.64 1.008

33.70

2.718

46.20 1.808

24.12

32.98

31.60

1.869 12.001 109 <0.001"

2.689 0.164 109 376

3.784 13.670 109 <0.001"

*p<.05

For the second research objective,
which aimed to compare the mean scores
of HBM-related perceptions, as illustrated
in Table 3, the findings for each perception
were provided.

First, regarding perceived
susceptibility =~ to  improper  waste
management, both the experimental and
control groups showed similar scores.
However, after the experiment, the
experimental group displayed a higher
perceived susceptibility score (X = 46.67,
SD = 1.823) than the control group (X =
32.23,SD = 1.324), with a p-value 0f 0.003.

Second, regarding the mean scores
of the perceived severity related to
improper waste segregation, it was found
that, before the experiment, the
experimental group’s perceived severity
did not significantly differ from the control
group. However, post-experiment
assessments revealed that the experimental
group exhibited a higher score (X = 33.48,
SD = 1.436) than the control group (X =
30.89, SD = 1.876). This disparity was
statistically significant (p = 0.002).

Third, regarding the perceived
benefits of proper waste segregation,
intriguing findings emerged. Before the
experiment, the experimental group’s
scores did not differ significantly from the
control group, with a p-value of .435.
However, following the intervention, a
significant  difference emerged. The
experimental group displayed a higher

score (X = 35.64, SD = 1.008) than the
control group (X =24.12, SD = 1.869), with
a p-value of <0.001.

Finally, concerning perceived
barriers to proper waste segregation, the
experimental group’s perceived barriers
before the experiment did not differ
significantly from those of the control
group (p = .376). After the experiment, the
experimental group had significantly higher
perceived barriers (X = 46.20, SD = 1.808)
compared to the control group (X = 31.60,
SD = 3.784), with a statistically significant
difference (p < 0.001).

DISCUSSION

This study investigates the
effectiveness of the 5 Rs with the HBM
program in enhancing MSWM knowledge
and HBM-related perceptions on the
implementation  of effective  waste
management practices among residents of
Pong district, Phayao. The findings of this
study highlight the effectiveness of the
intervention program in  improving
knowledge and perceptions concerning
appropriate MSWM practices.

Enhancements in  knowledge
regarding MSWM  were  observed,
suggesting that the intervention effectively
educated the participants about proper
MSWM using the 5Rs with HMB
principles. The intervention empowered the
participants to make decisions on MSWM.
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This aligns with previous studies stating
that the 5Rs can be used to promote waste
management.'®!? To illustrate the practices
of the participants, the SRs program helped
them reduce the use of plastic bags when
shopping at local markets, avoid using non-
biodegradable materials such as foam,
reuse water bottles and coffee cups, and
repair equipment whenever possible. Once
residents understand how the 5Rs can
benefit their MSWM, it becomes essential
for them to demonstrate pro-environmental
behaviors. This entails more than just
knowledge about MSWM; it requires active
participation. Without such engagement
and motivation, there may be little
incentive for residents to change their
behaviors regarding waste management.
Furthermore, the findings emphasize that
residents should know how to improve their
practices. In line with this, a study by
Sanongboon and Thiphom! revealed that
implementing the 5Rs principle not only
enhanced the participants’ household waste
management knowledge, but also their
motivation, and their household waste
reduction behaviors.

The intervention not only increases
individuals’ knowledge of MSWM but also
appears to transform their perceptions of
waste management according to the HBM.
Regarding one of the aspects of HBM, the
higher perceived susceptibility indicates
that residents became more aware of the
potential negative effects of inappropriate
waste management on their health. The
results are consistent with the study by
Eshete, Haddis and Mengistie,** which
claims that, in household settings, people
appear to be aware of the consequences of
health problems resulting from improper
management of solid waste. Environmental
and health risks could arise as a result of
inappropriate solid waste management,
especially in developing countries.* Proper
waste segregation not only helps to reduce
these harmful effects but also contributes to

sustainable waste management practices for
a healthier environment.

The benefits of proper waste
segregation  behaviors  highlight the
effectiveness of the 5Rs program. Lou et
al.> mentioned that the societal benefits
associated with environmental protection
highly impact attitudes toward waste
separation behaviors. While this study did
not compare scores between residents’
environmental and individual benefits, it
used questionnaires to explore both aspects.
For example, the questionnaire asked
respondents to compare waste sorting to
reduce the amount of waste burned, thus
lessening environmental pollution, and
washing hands after waste separation to
prevent the spread of infectious diseases.

The respondents indicated that both
practices are beneficial to waste
management.

Finally, the findings showed that a
decrease in perceived barriers may be an
avenue for pursuing sustainable waste
management practices after the
intervention. For instance, the participants
observed that the process of preparing
containers and sorting solid waste was both
time-consuming and costly. It s
acknowledged that rural residents’
monetary situations, such as their earnings,
losses, and the availability of free sanitation
materials, are important in their waste
management  practices.? Moreover,
although implementing basic facilities,
such as the installation of bins, can greatly
enhance the level of waste segregation
practices,*® the participants in this study
noted that the unavailability of household
facilities is a significant barrier. With
inadequate facilities, government sectors
are expected to be responsible for providing
the necessary infrastructure to facilitate
waste management.®’-38

This study also suggests that
collaboration among government agencies,
private sector companies, community

191



Journal of Public Health and Development
Vol.23 No.1 January-April 2025

and residents is crucial for
municipal ~ solid  waste
management.  Together, they can
implement comprehensive educational
programs to educate residents on the
importance of waste management, as
highlighted in this research. The study
recommends that government entities
enhance infrastructure for waste collection
across residential areas and ensure an
adequate workforce for waste collection. In
addition to bins, they can supply additional
bags or containers for household use.
Community leaders can oversee residents'
waste management practices, while
businesses can encourage reducing the use
of plastic bags during purchases.
Furthermore, strategies such as developing
regulations and fostering community
engagement are necessary to ensure long-
term compliance with waste management
practices.

leaders,
improving

CONCLUSION

In conclusion, this study highlights
the effectiveness of integrating the 5SRs and
HBM frameworks in an MSWM
intervention among residents of Pong,
Phayao. The results showed a significant
improvement in the experimental group’s
knowledge of the 5Rs compared to that of
the control group. Additionally, the
experimental group exhibited increased
scores in various HBM aspects, such as
perceived susceptibility, severity, benefits,
and barriers. To ensure ongoing
participation, local authorities may need to
enhance infrastructure such as waste bins.
This study did not examine the cues to the
action- and self-efficacy-related aspects of
the HBM. Therefore, future research should
address all aspects of the HBM. Future
research could explore long-term efficacy

and engagement strategies, including
community initiatives or incentive
programs for MSWM.
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