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ABSTRACT

Waste problems are now more serious and need to be
managed properly urgently. The popular waste management
method is 3Rs: Reduce, Reuse, and Recycle. The effective
waste management needs to get every one’s participation.
This is a human behavior acting in response to the waste
disposal. Psychology is used to explain the cause of human
behavior. Nowadays machine can learn to extract knowledge
from the data. This research we use machine learning to
extract factors relating to waste disposal behavior in order to
support effective waste management for decreasing waste
problems in the society. We applied classification approach
by using See5 and got the results. Then we tested the
correctness of the results by observation and discourse in
three communities. We found that the results are true in all
five communities testing.

Key words : classification, household disposal behavior,
machine learning, See5.

1. INTRODUCTION

Nowadays, the waste problems have been increasing more
and more. Many places around the world have been trying to
combat waste problems. The best practices in waste
management is 3Rs: Reduce, reuse and recycle. Reduce using
the things tending to be the waste in the future. Reuse the
things tending to be the waste. Recycle the recyclable waste.
All 3Rs need participation from everyone in the world,
disposing behavior. The waste should be segregated. The first
place that this action should take place is in the household at
every time of disposing. The reusable things will be kept up to
reuse again instead of disposing. Reusing things can support
reducing using new things tending to be the waste. The
recyclable things could be separated and stored in the special
bin in order to let the recyclable provider pick them up to
recycle. This action is to make it feasible to decrease the
amount of waste in the society.

There are many studies finding out the factors effecting on
disposing behavior in waste segregation as seen in [1] shows
that the convenience for waste separation is an important
factor improving household waste separation behavior. In [2]
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shows that the influent factors of household waste separation
behavior are subjective norms, perceived behavioral control,
past experience both behavior and intentions. But in [3] shows
that moral obligation is an important factor effecting on
household waste separation. In [4] shows that the accessibility
to recycle bins has high priority to support waste separation.
In [5] suggested that the local authorities should take actions
to support appropriate facilities for food waste segregation in
the communities. In [6] shows that household income,
education, gender relating to household waste separation. It is
unsafe practice in household waste segregation and seriously
needed the authorities to fix the waste problem.

Machine learning is the ability of machine to learn the data to
get the knowledge from the data. There are many researches
done with machine learning to help human being fix real
world problems such as [7-15]. Machine learning should work
well in this problem too.

In this study, we use machine learning to find out the factors
effecting on disposing behavior in segregation the waste in the
household.

Different people have different thoughts, different beliefs,
different responses, different behaviors, different life styles,
different influencers, different activities, and so on. Within the
same group, there are some things the same. The factors
relating disposing behavior could be the same within the same
group. As shown in [1-3, 16-36] that in different groups of
people, the factors effecting on human behavior are different.
So, we decided to study in focus group only to see how
machine learning support in this area. Our focus group is
SSRU undergraduate student.

Using machine learning, we need to have the data for learning.
In [23, 37, 38] shows that the factors effecting on human
behavior are attitude, norm, reinforcement, facilities. The
details are shown in next section.

2. DATA

We collected the data by using questionnaire. We asked
SSRU undergraduate students, majoring in computer science
to complete our questionnaire upon their available and willing
to participate. Finally, we got 188 responses.
There are 11 questions in the questionnaire as shown follow.
1. Is there any positive reinforcement in your
household?
2. Is there any punishment in your household in case
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you do not dispose the waste in correct bins?

3. s it disposing the waste in correct bins your
household's norm?

4. Are there many bins in your household?

5. Is it useful to yourself if you dispose the waste in
correct bins in the household?

6. Is there any bad effect to yourself if you do not
dispose the waste in correct bins?

7. s disposal the waste in correct bins everyone's

duty?

8. Are you disposing the waste in correct bins in the
university?

9. Can you dispose the waste to the right bins if
forced?

10. If being forced to separate the waste at disposal
time, is there any obstacle of disposing the waste
to the right bins?

11. Do you dispose the waste in correct bins in your

household?

In each question, there are two answer choices: yes, no.
From the questions above turned to be the attributes as shown
follow.

positive reinforcement from household
punishment from household

household's norm

many bins in household

useful to self

bad effect to self if not

everyone's duty

in the university, waste disposal to correct bins
can dispose to the right bins if forced

10 obstacle of disposing to the right bins

11. in household, waste disposal to correct bins

The meanings of each attribute are following

1. positive reinforcement from household = positive
reinforcement like a reward in the household for
disposing the waste with segregation.

2. punishment from household = punishment or
negative reinforcement in the household for
disposing the waste without segregation

3. household's norm = disposing the waste with
segregation is the norm in the household

4. many bins in household = there are many bins in
the household for waste segregation at the time of
disposing the waste

5. useful to self = disposing the waste with
segregation have usefulness for yourself

6. bad effect to self if not = there is bad effect to
yourself If you do not segregate the waste at
disposing time

7. everyone's duty = disposing the waste with
segregation is everyone’s duty

8. in uni., waste disposal to correct bins = in the
university, you segregate and dispose the waste in
correct bins

9. can dispose to the right bins if forced =

NGO AWNE]

If you are
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forced to dispose the waste in correct bins,
whether you can do.

obstacle of disposing to the right bins = there is
any obstacle of disposing the waste in correct bins
in household, waste disposal to correct bins = in
your household, you always segregate and dispose
the waste into correct bins

The target attribute is attribute 11 which is disposing the waste
in correct bins in the household.

10.

11.

3. METHODS AND RESULTS

In machine learning, finding out the cause effect relationship
is a major work of classification approach. Machine learning
used in this research is classification technique, Identification
tree. Identification tree is a method to learn from the data to
get identification tree which can be used to classify the data
and can be used to predict the class of new data. In this
research we use Seeb [39, 40]. The results got from See5 and
transform to be the tree which is easier to understand as shown
in Figure 1.
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Figure 1: Results from See5, Decision tree with 26.6% error
rate

From the identification tree got, we can see that there are four
related factors which are disposal the waste to correct bins at
the university, waste separation is the household norm, there
is punishment in the household in case do not separate the
waste at the time of disposal, some obstacles of waste
disposing to the right bins. We can check that the people will
separate the waste at disposal time or not by checking with the
identification tree. If one does not separate the waste at
disposing time in the university, one will not separate the
waste at disposing time in the household. But if one separates
the waste at disposing time in the university, and waste
separation is the norm of the household, then one will separate
the waste in the household. But if waste separation is not the
norm in the household, and there is punishment in the
household if do not separate the waste at disposing time, one
will separate the waste in the household. But if there is not any
punishment from the household, there will not be any obstacle
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to dispose the waste to the right bin, one will not separate the
waste in the household. On the hand, if there is any obstacle to
dispose the waste to the right bin, one will separate the waste
in the household.

From the results, we can predict that if at the university, one
will not separate the waste at disposal time, in the household
one will not do that either. But if waste separation is the norm
in the household, one will separate the waste. If there is
punishment from the household if do not separate the waste,
one will separate the waste. These results make sense that
waste separation at the university and the household are the
same; and if being the norm of the household, one will follow
the norm; and no one wants to get punishment, so follow the
regulation which survive from getting punishment. But for
obstacle for doing so, if yes, one will separate the waste; while
if no obstacle, one will not do that. This is interesting.

4. TESTING THE CORRECTNESS

We test the correctness of the results by observation and
discourse with three new communities and see the results.
Three communities tested are 1) meditation community, 2)
temple’s visitors, 3) undergraduate students of environmental
science community.
We observe waste separation behavior of the first two groups:
meditation community and temple’s visitors. The waste
separation norms are set up in the places and almost all in
these communities did separate the waste at disposal time. For
some people who do not separate the waste, there were some
staff came to them and informed them to separate the waste,
otherwise, there were social punishment to them by looking
down from the other people in the places. These show that the
norm and the punishment are the factors effecting on waste
separation behavior. For obstacle, from our observation, we
saw that even though some people could not find the separate
bins for the separated waste, they found some staff to ask for
the bin for disposing the waste in their hands. This show that
obstacle there, but they still separate the waste and put the
waste into the right bin. But for some people who really do not
separate the waste, even though there is no obstacle to dispose
the waste into the right bin, they insist no waste separation.
We discourse these people directly, and got many answers.
The answers we got are
They really do not want to dispose the waste into the right bin
due to the security of the paper waste in their hands. They
made their paper waste into small pieces and dispose some
part of them into all bins in that place. They said that this
action made the security in the waste paper is still kept. Some
of them who do not separate the waste, do not put the waste
into the right bin even though there are many waste bins in the
same place, there is not obstacle for them to separate the
waste. They told us the reason that they did not separate the
waste because they thought that waste separation was not their
own duties. It is the housekeepers, house-maid, servants. So
they should not do that. So the obstacle of waste separation
shows the intention of waste separation at disposal time. Even
though, there is no obstacle of waste separation, they still do
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not separate the waste. On other hand, if there are some waste
separation obstacle, and if they intend to separate the waste,
they will separate the waste.

5. DISCUSSION

The results from machine learning show that the
psychological factors effecting on household disposal
behavior conform to the results from literatures [41] [42] [43]
[44] [45]. The self-usefulness is according to the research [45]
which show the conditioning associated with behavior.
Reinforcement both positive and negative have relations to
human behavior as seen in [42]. Norm also relates to behavior
[41]. There are also the other factors such as attitude showing
as everyone’s duty as seen in [44].

As we know that it is possible to have other related factors
which do not exist in this data set. More data, more attributes
should get more correct knowledge learned by machine
learning.

6. CONCLUSION

This research we use machine learning, See5, to find out the
psychological factors effecting on household disposal waste
behavior. The results show that using machine learning alone
giving many results which can make the users confusing and
not quite make sense. Machine learning under human support
can give the results more make sense and easier to be
understood and used further.

REFERENCES

1. A. Bernstad, Household food waste separation
behavior and the importance of convenience, Waste
Management, vol. 34, no. 7, pp. 1317-1323, 2014.

2. L. Xu, M. Ling, Y. Lu et al., Understanding household
waste separation behaviour: testing the roles of
moral, past experience, and perceived policy
effectiveness within the theory of planned behaviour,
Sustainability, vol. 9, no. 625, pp. 1-27, 2017.

3. A. H. Pakpour, I. M. Zeidi, M. M. Emamjomeh et al.,
Household waste behaviours among a community
sample in Iran: An application of the theory of
planned behaviour, Waste Management, vol. 34, no. 6,
pp. 980-986, 2014.

4. L. Sheau-Tinga, T. Sin-Yee, and C. Weng-Wai,
Preferred attributes of waste separation behaviour:
An empirical study, Procedia Engineering, vol. 145, pp.
738 — 745, 2016.

5. M. Jamal, A. Szefer, C. Kelly et al., Commercial and
household food waste separation behaviour and the
role of local authority: a case study, International
Journal of Recycling of Organic Waste in Agriculture,
vol. 8, pp. 281-290 2019.

6. K. Mamady, Factors Influencing attitude, safety
behavior, and knowledge regarding household waste
management in Guinea: A cross-sectional study,



Suwimon Kooptiwoot, International Journal of Advanced Trends in Computer Science and Engineering, 9(5), September - October 2020, 7597 — 7601

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Journal of Environmental and Public Health, vol. 2016,
pp. 9, 2016.

K. M. REZA, F. ALI, and B. M. MEHDI, Data mining
and analysis of the citizens’ behavior towards the
source separation of waste project by applying C4.5
algorithm of decision tree, Journal of Geography and
Regional Development, vol. 13, pp. 31-35, 2015.

I. Portugal, P. Alencar, and D. Cowan, The use of
machine learning algorithms in recommender
systems : A systematic review, Expert Systems with
Applications, vol. 97, pp. 205-227, 2018.

L. B. Kaimal, A. R. Metkar, and R. G, Self learning real
time expert system, International Journal on Soft
Computing, Artificial Intelligence and Applications, vol.
3, no. 2, pp. 13-25, 2014.

D. T. Chang, M.-R. Goldsmith, A. Fraile Rodriguez et al.,
Data-mining and informatics approaches for
environmental contaminants, Access Science, 2014.

I. A. R. Alani, N. E. A. Basri, R. A. Abdullah et al.,
Avrtificial intelligence expert system for minimizing
solid waste during highway construction activities, in
the International Multi Conference of Engineers and
Computer Scientists, Hong Kong, 2009.

R. Cioffi, M. Travaglioni, G. Piscitelli et al., Artificial
intelligence and machine learning applications in
smart production: progress, trends, and directions,
Sustainability, vol. 12, no. 492, pp. 26, 2020.

J. Schmidt, M. R. G. Marques, S. Botti et al., Recent
advances and applications of machine learning in
solid state materials science, npj Computational
Materials, vol. 5, no. 83, pp. 36, 2019.

H. Wang, C. Ma, and L. Zhou, A brief review of
machine learning and its application, in International
Conference on Information Engineering and Computer
Science, Wuhan, China, 2009, pp. 1-4.

A. Alimadadi, S. Aryal, 1. Manandhar et al., Artificial
intelligence and machine learning to fight COVID-19,
Physiological Genomics, vol. 52, pp. 200-202, 2020.

K. Ando, S. OHNUMA, A. Bldbaum et al,
Determinants of individual and  collective
pro-environmental behaviors : comparing Germany
and Japan, Journal of environmental information
science, vol. 38, no. 5, pp. 21-32, 2010.

K. Ando, S. OHNUMA, and E. C. Chang, Comparing
normative  influences as  determinants  of
environmentally conscious behaviours between the
USA and Japan, Asian journal of social psychology, vol.
10, no. 3, pp. 171-178, 2007.

M. Aoyagi-Usui, H. Vinken, and A. Kuribayashi,
Pro-environmental attitudes and behaviors: An
international comparison, Human Ecology Review, vol.
10, no. 1, pp. 23-31, 2003.

C. Apinhapath, Community mapping and theory of
planned behavior as study tools for solid waste
management, Journal of Waste Management, vol. 2014,
pp. 1-7, 2014.

J. Boldero, The prediction of household recycling of
newspapers: the role of attitudes, intentions, and
situational factors, Journal of Applied Social
Psychology, vol. 25, no. 5, pp. 440-462, 1995.

7600

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

A. P. Bortoleto, K. H. Kurisu, and K. Hanaki, Model
development for household waste prevention
behaviour, Waste Management, vol. 32, no. 12, pp.
2195-2207, 2012.

P. Y. Chu, and J. F. Chiu, Factors influencing
household waste recycling behavior: test of an
integrated model, Journal of Applied Social Psychology,
vol. 33, no. 3, pp. 604-626, March, 2003.

G. Davis, and A. Morgan, Using the theory of planned
behaviour to determine recycling and waste
minimisation behaviours: a case study of Bristol City,
UK, The Australian Community Psychologist, vol. 20,
no. 1, pp. 105-117, 2008.

G. Davis, P. S. Philips, A. D. Read et al., Demonstrating
the need for the development of internal research
capacity: understanding recycling participation using
the theory of planned behaviour in West Oxford
shire, UK, Resources, Conservation and Recycling, vol.
46, pp. 115-127, 2006.

A. Fadi, Food waste behaviour at the household level:
A conceptual framework, Waste Management, vol. 71,
pp. 485-493, 2018.

H. Lee, K. Kurisu, and K. Hanaki, Influential factors on
pro-environmental behaviors-a case study in Tokyo
and Seoul, Low Carbon Economy, vol. 4, pp. 104-116,
2013.

A. E. Liska, A critical examination of the casual
structure of the Fishbein/Ajzen attitude behaviour
model, Social Psychology Quarterly, vol. 47, pp. 61-74,
2004.

I. Pisano, and M. Lubell, Environmental behavior in
cross-national perspective: a multilevel analysis of 30
countries, Environment and Behavior, vol. 49, no. 1, pp.
31-58, 2017.

S. PHUPHISITH, K. KURISU, and K. HANAKI,
Insight into pro-environmental behaviors and
people’s perceptions in Bangkok, Thailand, Journal of
Environmental Information Science, vol. 45, no. 5, pp.
9-20, 2017.

K. Stoeva, and S. Alriksson, Influence of recycling
programmes on waste separation behaviour, Waste
Management, vol. 68, pp. 732-741, October, 2017.

A. Tabi, Does pro-environmental behaviour affect
carbon emissions?, Energy Policy, vol. 63 pp. 972-981,
2013.

C. Tanner, and S. W. Kast, Promoting sustainable
consumption: determinants of green purchases by
swiss consumers, Psychology and Marketing, vol. 20,
no. 10, pp. 883-902, 2003.

S. Taylor, and P. Todd, Understanding household
garbage reduction behavior: a test of an integrated
model, Journal of Public Policy & Marketing, vol. 14,
no. 2, pp. 192-204, 1995.

S. Vassanadumrongdee, and S. Kittipongvises, Factors
influencing source separation intention and
willingness to pay for improving waste management
in Bangkok, Thailand, Sustainable Environment
Research, vol. 28, no. 2, pp. 90-99, March, 2018.

Z. Wang, D. Guo, and X. Wang, Determinants fo
residents’ e-waste recycling behaviour intentions:



Suwimon Kooptiwoot, International Journal of Advanced Trends in Computer Science and Engineering, 9(5), September - October 2020, 7597 — 7601

evidence from China, Journal of Cleaner Production,
vol. 137, pp. 850-860, 2016

36. W. Zhang, Y. Che, K. Yang et al., Public opinion about
the source separation of municipal solid waste in
Shanghai, China, Waste Management & Research, vol.
30, no. 12, 2012.

37. M. Tonglet, P. S. Philips, and A. D. Read, Using the
theory of planned behaviour to investigate the
determinants of recycling behaviour: a case study
from Brixworth, UK, Resources, Conservation and
Recycling, vol. 41, pp. 191-214, 2004.

38. K. S. Fielding, R. McDonald, and W. R. Louis, Theory
of planned behaviour, identity and intentions to
engage in environmental activism, Journal of
Environmental Psychology, vol. 28, pp. 318-326, 2008.

39. R. Quinlan, Data mining tools See5 and C5.0, 2002.

40. J. R. Quinlan, See5: An informal tutorial, http://www.
rulequest. com, 2001.

41. D. Kahneman, and D. T. Miller, Norm theory :
comparing reality to its alternatives, Psychological
Review, vol. 93, no. 2, pp. 136-153, 1986.

42. W. W. Stoops, Reinforcing effects of stimulants in
humans: sensitivity of progressive-ratio schedules,
Experimental and Clinical Psychopharmacology, vol. 16,
no. 6, pp. 503-512, 2009.

43. K. Freberg, K. Graham, K. McGaughey et al., Who are
the social media influencers? A study of public
perceptions of personality, Public Relations Review,
vol. 37, no. 1, pp. 90-92, 2011.

44. 1. Ajzen, Attitude theory and the attitude-behavior
relation, in New directions in attitude measurement, D.
Krebs and P. Schmidt, eds., pp. 41-57, New York: Walter
de Gruyter, 1993.

45. 1. P. Pavlov, and G. V. Anrep, Conditioned reflexes,
Mineola, N.Y. : Dover Publications, 2003.

7601



