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Abstract

Waste management is a major challenge for many communities across Thailand. A centrally-
developed solid waste management curriculum, to promote behavior change among children 
and adolescents, has limitations due to difficulties of generalizability. In this study a locally-
developed zero waste management curriculum was applied using the Delphi Technique, in-depth 
interviews and participatory meetings. This curriculum, consisting of ten 50-minute learning 
modules, was implemented in a group of 205 pupils (Grades 4 - 6 primary school), whereas a 
control group of 223 pupils received only a conventional solid waste management curriculum. 
Pupils learning outcomes were assessed at the end of each session, and on the last day of the 
course, using standardized tests and questionnaires. A test of the differences showed that the 
scores of learning outcomes among the Experimental Treatment Group, in terms of the Cognitive 
Domain, the Affective Domain and the Psychomotor Domain, had increased 24.6%, 22.6 % 
and 32.6%, respectively, from the Control Group; the differences being statistically significant 
(p-value <0.001). Additionally, pupils’ behavior in conducting ‘Solid Waste Management with 
the 3Rs + Disposal’ (namely the reduction, reuse, recycling and appropriate disposal of solid 
waste) showed increased differences that were statistically significant (p-value < 0.01). The 
locally-developed Zero Waste Management curriculum was effective in terms of improving 
pupils’ knowledge, understanding, awareness, skills and behaviors in solid waste management. 
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1. Introduction 

 Current global statistics estimate that each 
person generates an average of 1.2 kg of solid 
waste/day, or 1.3 billion tonnes/year (World 
Bank, 2012). That is predicted to increase up to 
1.4 kg/person/day by 2025, or 2.2 billion tonnes/
year (World Bank, 2012). Solid waste (including 
plastics), discarded into various water sources, 
ends up in the sea, and so accumulates in oceans 
around the globe (TTF International, 2015).

 Studies have shown that solid waste  
landfills constitute environmental problems and 
health risks to people living within a radius of 
two kilometers. Babies born to women exposed 
to landfill toxic waste are affected by low birth 
weight and congenital malformations. People, 
particularly children, living closer to the landfills 
experience higher risk of cancer (WHO, 2007;  
Porta, 2009; Sever, 1997; Johnson,1999).  
Combustion in incinerators is a known risk 
factor for Non-Hodgkin’s Lymphoma and Soft 
Tissue Sarcoma (Viel et al. 2000). People living 
within a distance of three kilometers stand a 
3.5%  risk of contracting cancer (Viel et al., 
2008). The combustion of dioxins at such sites 
can cause a higher risk of cancer, the Soft Tissue 
Sarcoma risk being 3.3 times higher than sites 
where no such combustion takes place (Zambon  
et al., 2007). Those living near landfills, incinerators, 
fertilizer factories and nuclear installations 
stand a high risk of gastrointestinal problems, 
particularly from waste-water treatment plants 
(Giusti, 2009; Schoot et al., 2011).

 The reduction of use, the reuse and the 
recycling of natural resources are among the best 
practices currently available in the management 
of solid waste (Field and Field, 2002). Countries 
that have adopted such measures have been 

successful in solid waste management; examples  
being Denmark and Japan (Ministry of Economy 
and Trade Industry, 2014). Many countries pay 
attention to educating younger generations 
on waste management in schools, to promote 
consciousness of environmental maintenance 
when those generations reach adulthood (US 
EPA, 2007). Solid waste management curricula 
developed in schools have different models, 
details and focuses, according to the context 
of their individual locations. Most of these 
curricula emphasize learning in the classroom 
and then the application of that learning under 
real conditions (Mesa County, 2014; Cornell 
University, 2014; Enrico, 2014).

 In Thailand, the amount of solid waste  
generated has long been on the rise, with  
increasing challenges for waste management. 
The quantity of solid waste produced from 2008 
- 2013 was 1.15 kg/person/day, or 26.8 million 
tonnes/year (Pollution Control Department, 
2014). Thailand has already given priority 
to the management of solid waste in schools 
by using strategies for solid waste reduction, 
separation and recycling. The Thai Ministry of 
Education has developed a core curriculum,  
and defined the learning standards and  
performance indicators in this field. (Ministry 
of Education, 2008). There are several ongoing 
school projects, involving recycling banks and 
zero waste management schemes. A network 
of schools has been established to pilot a solid 
waste management curriculum. That network 
has created learning systems through the use 
of various theoretical and practical activities, 
and encouraged the participation of pupils to 
cultivate the desired habit of environmental 
responsibility. (Ministry of Education, 2015;  
Ministry of Natural Resources and Environ-
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ment, 2014; Pradabphetrat et al., 2013; Siladet, 
2014). However, a report from the Office of the  
Education Council (2009), found that one  
factor affecting education quality in Thailand 
was that of curriculum development needing to 
be appropriate to the context of different areas  
of the country. The report concluded that  
modifications to education policy should  
involve a contributory role for local schools, to  
assist in developing curricula that are appropriate  
to the context and needs of different local  
communities. It is thought that all parties should 
be involved to work together in a systematic and 
continuous manner to plan, execute, support, 
and monitor the new curriculum (Ministry of 
Education, 2008).

 KhonKaen is one of the Thai provinces  
with surging solid waste management challenges.  
In 2013, the rate of solid waste generated was 
0.62 kg/person/day or 206 tonnes/day, or 75,000 
tonnes/year (Regional Environmental Office 10  
KhonKaen, 2014). Although KhonKaen  
Municipality has initiated a low carbon and zero 
waste city project, the implementation is far 
from meeting its original targets. (Department 
of Public Health and Environment, KhonKaen, 
2014). Within this context, this quasi-experi-
mental research aimed to study the effectiveness 
of a locally-developed zero waste management 
curriculum on pupils’ learning.

2. Materials and Methods 

 This is a quasi-experimental study.  
Participants were Grade 4-6 primary school 
pupils in KhonKaen Municipality. They were 
divided into 2 groups: The Experimental Group 
of 205 pupils and the Control Group of 223 in 
a different school. The Experimental Group  
received the Zero Waste Management  
curriculum, whereas the Control Group received 
a conventional school curriculum on solid waste 

management. The Zero Waste Management 
curriculum was developed by a group of school 
teachers, administrators, school environmental 
operatives and pupil leaders. The intervention 
consisted of 10 learning units. i.e. Unit 1: The  
importance and problems of solid waste  
management, Unit 2: Types of solid waste, Unit 
3: Technology and solid waste management, 
Unit 4: Waste management principles with the 
3Rs + Disposal, Unit 5: Environmental discipline  
and consciousness, Unit 6: Solid waste separation, 
Unit 7: The design of separation containers at 
home, Unit 8: Activities for pupils to learn tree 
species, Unit 9: Trees are Life; and Unit 10: 
Organic waste decay into enzyme ionic plasma. 
Data collection involved measurement before 
and after the curricula were put into operation, 
using questionnaires. These questionnaires 
were divided into 4 parts. i.e. Part 1: General 
information about personal and family status, 
Part 2: A 30-item, 4-option multiple choice 
questionnaire to test pupils’ understanding of 
solid waste management (cognitive data), Part 
3: An 18-item Likert Rating Scale to measure 
pupils’ psychological behavior, values, feelings,  
attitudes, and beliefs about solid waste  
management (affective data), and Part 4: A 21-
item Ranking Order questionnaire to measure  
solid waste management behavior in the  
reduction, reuse, recycling and disposal of solid 
waste (psychomotor data).

 This questionnaire had been tested for 
validity by 5 experts. The Item Content Valid-
ity Index (I-CVI) was more than 0.80 and the 
Content Validity for Scale (S-CVI) was 0.96. 
A pilot test was conducted with 30 pupils to  
analyze the reliability of the questionnaire. It was 
found that the overall reliability was greater than 
0.70, with 0.741 for Cognitive Domain items, 
0.763 for Affective Domain items and 0.840 
for Psychomotor Domain items. The Difficulty 
Index of the Cognitive Domain items was from 
0.2 - 0.8.
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3. Results and Discussion 

3.1 General Information

 Most of the subjects were female at 61%,  
with males at 39%. The pupils in the Experimental 
Group were in Grades 4, 5 and 6 -  in percentage 
terms, 35.1%, 37.6% and 27.3%, respectively; 

whereas the Control Group in the same grades 
were 35.6%, 33.6% and 32.7%, respectively. The 
education level of parents of the Experimental  
Group and the Control Group was mostly  
primary school at 56.6% and 46.2%, respectively. 
The two groups were similar in these respects 
(p-value > 0.05). (Table 1)

Table 1: General information by numbers of subjects (and their percentage in each group) in the 
Experimental and Control Groups

Item Intervention 
Group  

(n = 205)

Control 
Group 

(n = 223)

Total 
(n = 428)

P-value

Sex p>0.05
    Male 88 (42.9) 79 (35.4) 167 (39.0)
    Female 117 (57.1) 144 (64.6) 261 (61.0)
Education Level p>0.05
     Grade 4 72 (35.1) 75 (35.6) 147 (34.3)
     Grade 5 77 (37.6) 75 (33.6) 152 (35.5)
     Grade 6 56 (27.3) 73 (32.7) 129 (30.1)
Education Level of Parents p>0.05
No school education 6 (2.9) 2 (0.9) 8 (1.9)
Primary school 116 (56.6) 103 (46.2) 219 (51.2)
High school 43 (21.0) 81 (36.3) 124 (29.0)
Bachelor’s degree 13 (6.3) 16 (7.2) 29 (6.8)
Above bachelor’s degree 2 (1.0) 6 (2.7) 8 (28.0)
Don’t know 24 (11.7) 14 (6.3) 38 (8.9)
Occupation of Parents p>0.05
Contractor 80 (39.0) 85 (38.1) 165 (38.6)
Trader 87 (42.4) 101 (45.3) 188 (43.9)
Agriculturalist 6 (2.9) 15 (6.7) 21 (4.9)
Government official 21 (10.2) 11 (4.9) 32 (7.5)
Private businessperson 5 (2.1) 5 (2.2) 8 (1.9)
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3.2 Results of Cognitive Domain,  
 Affective Domain and Psychomotor  
 Domain behaviors, before and after  
 intervention

 With Cognitive Domain behaviors in 
the Experimental Group, before receiving the 
Zero Waste Management curriculum the mean 
was 11.98 (SD = 5.74), and after receiving that 
curriculum the mean was 19.36 (SD = 6.59); a 
percentage increase of 24.6%. With Affective 
Domain behaviors ‘before’, the mean was 62.65 
(SD = 9.35), and ‘after’, the mean was 69.43 (SD 
= 8.89); a percentage increase of 22.6%.  With 
Psychomotor Domain behaviors ‘before’, the 
mean was 20.17 (SD = 8.91), and ‘after’, the mean 
was 29.96 (SD = 8.10); a percentage increase of 
32.6%.

 With Cognitive Domain behaviors in the  
Control Group, before receiving the conventional 
solid waste management curriculum, the mean 

was 10.83 (SD = 4.60), and after receiving that 
curriculum, the mean was 11.80 (SD = 4. 96); 
a percentage increase of 3.2%. With Affective 
Domain behaviors ‘before’, the mean was 62.90 
(SD = 8.40), and ‘after’, the mean was 63.33 (SD  
= 8.90); a percentage increase of 1.4%. With  
Psychomotor Domain behaviors ‘before’, the 
mean was 20.36 (SD = 9.6), and ‘after’, the mean 
was 20.73 (SD = 9.40); a percentage increase 
of 1.2%.

 A test of the differences between the  
Experimental Group and the Control Group 
found that the means of both groups ‘before’ 
were not significantly different (p> 0.05). After  
receiving their respective curricula, the difference 
in means between the Experimental Group and 
the Control Group was significantly different 
(p< 0.05), with the Experimental Group having 
higher mean scores than ‘before’ in all three 
domains. (Table 2)

Domain & Timing
Experimental Group (n=205) Control Group   (n=223)

Table 2: Mean scores of Solid Waste Management behavior in the Cognitive, Affective and  
Psychomotor domains

Mean SD Difference 
within group

Mean SD Difference 
within 
group

Difference 
between 
groups

P-value

Cognitive Before 11.98 5.74 7.38 10.83 4.60 0.97 1.15 0.085

After 19.36 6.59 11.80 4.96 7.56 <0.001

Affective Before 62.65 9.35 6.78 62.90 8.40 0.43 0.25 0.813

After 69.43 8.89 63.33 8.90 6.1 <0.001

Psychomotor Before 20.17 8.91 9.79 20.36 9.60 0.37 0.19 0.572

After 29.96 8.10 20.73 9.40 9.23 <0.001
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3.3 Comparison of items of Solid Waste  
 Management behavior with the 3Rs  
 + Disposal 

 Comparison of Solid Waste Management 
behavior with the 3Rs + Disposal (namely the  
reduction, reuse, recycling and appropriate  
disposal of solid waste), found that the mean 
of the ‘reduction’ behavior in the Experimental  
Group was 5.25 (SD = 1.90), while in the  
Control Group it was 4.68 (SD = 1.98); this 
being significantly different, statistically (p = 
0.002). The mean of the ‘reuse’ behavior in the 
Experimental Group was 4.25 (SD = 1.62), while 
in the Control Group it was 3.43 (SD = 1.69); 
this being significantly different, statistically (p< 
0.001). The mean of the ‘recycling’ behavior in 
the Experimental Group was 5.27 (SD = 2.07), 
while in the Control Group it was 4.24 (SD =  
2.02); this being significantly different,  
statistically (p< 0.001). The mean of the ‘disposal’ 
behavior in the Experimental Group was 12.32 
(SD = 3.61), while in the Control Group it was  
10.96 (SD = 4.24); this being significantly different, 
statistically (p< 0.001). (Table 3) 

 The results of this experiment showed that 
the learning behavior of pupils in the Experi-
mental Group had higher mean scores than the 
Control Group, and these higher scores were  
statistically significant in terms of knowledge,  
attitudes and practices. This was possibly 
because their curriculum included learning 
activities with both theory and practice. That 
curriculum included a variety of media, such 
as cartoon books and videos, and also included 
learning about the real practice of solid waste  
segregation and enzyme ionic plasma production;  
with an additional Clean Home contest.  
Classifying bins were installed in every classroom 
used with this curriculum. After pupils’ normal 
day-to-day generation of solid waste, they could 
separate their own garbage and place it in the 
appropriate garbage classification bins. All of 
the curriculum activities were designed to be 
important in promoting and supporting the 
pupils’ awareness and practice of solid waste 
management.  

Table 3: Comparison of Solid Waste Management behavior with the 3Rs + Disposal, before and 
after intervention

Waste 
management 

behavior

Timing Mean SD Difference 
within 
group

Mean SD Difference 
within 
group

Difference 
between 
groups

p-value

Reduction Before 3.89 2.03 1.36 3.97 2.2 0.71 0.08 p>0.05

After 5.25 1.90 4.68 1.98 0.57 p = 0.002

Reuse Before 3.04 1.81 1.21 2.95 1.89 0.48 0.09 p>0.05

After 4.25 1.62 3.43 1.69 0.82 p<0.001

Recycling Before 3.78 1.89 1.49 3.95 1.2 0.29 0.17 p>0.05

After 5.27 2.07 4.24 2.02 1.03 p<0.001

Appropriate 
disposal

Before 9.52 4.02 2.80 9.98 4.73 0.98 0.46 p>0.05

After 12.32 3.61 10.96 4.24 1.36 p<0.001

Experimental Group 
(n= 205)

Control Group  
(n= 223)
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 Other studies have also pointed to the 
importance of essential knowledge in solid waste 
management. Relevant knowledge leads to the 
creation of awareness, behavioral change, and 
collaboration in recycling activities at schools,  
as well as in communities. These eventually  
encourage the formation of desirable habits of 
solid waste management, so that clean places 
and a healthy environment can be achieved 
(Babaei et al., 2015; Gamba and Oskamp, 1994; 
Hornik et al., 1995; Sekito et al., 2013; Evison 
and Read, 2001; Bradley et al., 1999; Zsóka et 
al., 2013) 

 In addition, raising awareness of the  
importance of garbage sorting was very  
essential for changing the behavior of the target 
group. The ‘Solid Waste Management with the 
3Rs + Disposal’ curriculum achieved this, as  
demonstrated by the increased Affective  
Domain score of the Experimental Group. This 
group’s curriculum had a variety of activities 
to stimulate awareness of the problem of waste 
overflow. Other studies have identified various 
factors influencing attitudes of the target group 
on appropriate solid waste management: namely 
the convenience, the influence of society and the 
opportunity to practice appropriate techniques 
for solid waste management. (Milea, 2009; 
O’Connell, 2011; Babaei et al., 2015; Refsgaard 
and Magnussen, 2009)

 One of the learning activities of this  
curriculum was putting classifying bins in 
the classrooms, hallways, and cafeterias, with 
separation points for food & drink residues 
to simplify that process. Grodzińska-Jurczak 
(2003) also found that if the recycling bins were 
available, then most people (75%) would recycle 
accordingly.

 This curriculum was designed to holistically 
educate the target group with the knowledge, the 
attitudes and the practice dimensions of solid 
waste management, so that the desired behaviors 
could occur.  

 The Zero Waste Management curriculum 
was developed and agreed upon by participants 
from all stakeholder groups, to ensure that 
ownership was built. All parties were willing 
to cooperate and provide support resources. 
School leaders announced zero waste school 
policies. Teachers and pupil leaders helped  
design the courses. Parents supported and  
encouraged pupils to separate solid waste at 
home. Local government officials provided 
support resources and provided prizes for the 
Clean Home Contest.

 There were some challenges in repeating 
the success of this project in other schools. For 
instance, curriculum coordinators (CCs) should 
recognize the possible limitations of different 
learning levels in pupils. CCs should also be able 
to coordinate with many different stakeholder 
agencies, and they should be flexible in their 
approach when the course is implemented to 
lower level classes than Grade 6 - as pupils in 
such lower class grades might experience some 
difficulties with the curriculum content. CCs 
should also choose an appropriate time of year 
according to the seasonal weather situation, as  
well as considering how the course might interfere 
with the extra-curricular activities of the school. 
Successful schools should be promoted as role 
models. Teachers should be encouraged to learn 
from the experience of other schools that have 
already used the curriculum, with regard to both 
their successes and failures. Teachers should be 
invited to participate in the development of solid  

T. Pimpuang and P. Kessomboon / EnvironmentAsia 11(2) (2018) 118-127
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waste management curricula that are appropriate 
for their own locations. Future attempts should 
be made to form research networks to initiate  
new models of solid waste management curricula 
for schools, and thus ensure that successive 
generations are well prepared to help create a 
sustainable world.  

4. Conclusions

 The Zero Waste Management curriculum 
achieved its objectives in increasing pupils’ 
learning of solid waste management skills, in 
terms of cognitive, affective and psychomotor 
behaviors. The Experimental Group’s learning 
scores were significantly higher than those of 
the Control Group. A participatory approach  
to curriculum development among major  
stakeholders was a key factor in ensuring  
success.
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