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( � = − 0.111, p < 0.05), and Awareness ( �= − 0.189, 
p < 0.001) factors significantly and negatively influ-
ence MWWGHW. While the results show that the 
geographic location Urban Area moderates signifi-
cantly the relationship between the Motivation factor 
and MWWGHW ( � = − 0.129, p < 0.05), the same 
results show, however, that the geographic location 
Rural Area moderates significantly but negatively the 
relationships between Knowledge factor and MWW-
GHW ( � = − 0.187, p < 0.01); Motivation factor and 
MWWGHW ( � = − 0.390, p < 0.001); Contribu-
tion factor and MWWGHW ( � = − 0.154, p < 0.10); 
and Awareness factor and MWWGHW ( � = − 0.285, 
p < 0.001). Based on these results, implications for 
policy orientations and future research are provided.
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Introduction

Waste generation and management are serious envi-
ronmental issues facing developed and developing 
countries alike. The existence of a poor waste manage-
ment system is often cited as the main reason behind 
the practice of dumping or burning waste in the open. 
Moreover, this practice often triggers public health 
concerns as the waste abandoned in the open can 
become a hub for the transmission of certain diseases 
and also cause serious respiratory problems when they 

Abstract  This study examines the effect of “waste 
management” factors (Knowledge, Motivation, Time, 
Awareness, Contribution, Attitudes) on household 
waste generation (HWG), more precisely the meas-
ured weight of waste generated at households for a 
week (MWWGHW) while controlling for the socio-
economic factors such as family size, monthly fam-
ily income, education level, and occupation. It also 
examines the moderating effects of the geographic 
location (urban versus rural areas) on the relation-
ships between waste management factors and MWW-
GHW while controlling for the aforementioned 
socioeconomic factors. The overall results show 
that socioeconomic factors such as Family Size ( � = 
0.134; p < 0.001) and Monthly Family Income ( � = 
0.301; p < 0.001) significantly and positively influ-
ence MWWGHW, whereas the Occupation factor 
( � = − 0.106, p < 0.05) significantly and negatively 
influences MWWGHW. Furthermore, the results 
show that the Knowledge ( � = − 0.129, p < 0.05), 
Motivation ( � = − 0.161, p < 0.001), Contribution 
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are being burned. Taking globally, there are nearly 
2.01 billion tons of municipal solid waste that are gen-
erated annually, and this number is expected to reach 
3.40 billion tons by 2050 (Kaza et  al., 2018). Cur-
rently, East Asia and Pacific regions produce the larg-
est share (34%) of the global waste compared to nearly 
6% of waste generated by the Middle East and North 
Africa combined (Kaza et al., 2018).

Since households are the main contributors to 
municipality waste generation, their commitment to 
proper waste management practices, and their waste 
disposal behavior, remains critical to effective waste 
management policies (Kumara & Pallegedara, 2020). 
The influence of demographic and socioeconomic fac-
tors on household recycling behavior has been used in 
recent studies (see, for example, Alhassan et al., 2020; 
Kumara & Pallegedara, 2020). Also, several studies 
have examined the influence of sociopsychological fac-
tors on household recycling behavior (e.g., Khan et al., 
2019; Srun & Kurisu, 2019). In many regards, factors 
such as social pressure can influence household waste 
management behavior (Srun & Kurisu, 2019) similar to 
factors like convenience and space (e.g., Saphores et al., 
2006; Sorkun, 2018). However, we believe that socio-
economic factors, demographic characteristics, social 
pressures, waste management policies, and practices 
are likely to vary from one country to another which 
thus may lead to different results on waste generation  
and household behaviors.

This study is carried out with two main objec-
tives. First, it develops a structural equation model to 
assess the influence of “waste management” factors 
(Knowledge, Motivation, Time, Awareness, Contri-
bution, Attitudes) on household solid waste gen-
eration (HSWG) and household solid waste (HSW) 
components while controlling for the socioeconomic 
factors such as family size, monthly family income, 
education level, and occupation. Second and last, 
it explores the moderating effects of the geographic 
location of the households, that is urban areas and 
rural areas, on the relationships between “waste man-
agement” factors and household solid waste (HSW) 
generation and HSW components while controlling 
for the socioeconomic factors such as family size, 
monthly family income, education level, and occupa-
tion. Several reasons support the significance of this 
study. As a developing country, Sri Lanka is facing a 
serious waste management challenge, which necessi-
tates more research interests on the influence of solid 

waste management factors and the socioeconomic on 
household solid waste generation. Moreover, most 
previous studies carried out on waste management in 
Sri Lanka have focused on understanding the prob-
lems, challenges, and opportunities related to waste 
generation (Kumara & Pallegedara, 2020), leaving a 
gap in household behaviors, and how socioeconomic 
factors affect their behaviors toward proper waste 
management practices upfront.

Empirical findings on solid waste generation 
at household level

A growing body of waste management  literature has 
investigated different factors that affect waste gen-
eration at the household level in developed countries 
and in emerging and developing countries alike. In 
this summary of the literature, however, we focus on 
waste generation at the household level in developing 
countries, as doing so is more relevant to the context 
of Sri Lanka. Cross countries empirical studies have 
investigated the underlying socioeconomic factors 
affecting household waste disposal behavior (e.g., 
Adzawla et al., 2019; Alhassan et al., 2020; Sorkun, 
2018; Srun & Kurisu, 2019). For instance, previous  
studies showed that gender, age, and education signifi-
cantly influence the choice of waste disposal option (e.g.,  
Adzawla et al., 2019; Alhassan et al., 2020).

Similarly, previous studies indicated that demo-
graphic and socioeconomic characteristics such as 
income, gender, and education significantly influence 
household recycling behavior (e.g., Alhassan et  al., 
2020; Dwivedy & Mittal, 2013; Ekere et  al., 2009; 
Kumara & Pallegedara, 2020). Also, several empiri-
cal studies have shown social norms and individual 
attitudes as two (2) sociopsychological factors affect-
ing the contribution of households to proper waste 
management through their recycling behavior (e.g., 
Khan et  al., 2019; Meneses & Palacio, 2005; Srun 
& Kurisu, 2019). In a recent study, Srun and Kurisu 
(2019) found that social pressure either from fam-
ily, friends, or government influences significantly 
household waste management behavior. Furthermore, 
studies have cited convenience among the factors that 
affect household waste management behavior (e.g., 
Saphores et al., 2006; Sorkun, 2018).

Trang et  al. (2017) examined household solid 
waste (HSW) generation and composition and also 
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the underlying socioeconomic factors that influence 
HSW generation in Thu Dau Mot city of Vietnam. 
The results of their study showed a significant effect 
of income, household size, and environment on HSW 
generation. Similarly, Maskey and Singh (2017) 
investigated household waste generation factors and 
composition in Nepal and found that household size 
and income positively and significantly impact waste 
generation. Also, Astane and Hajilo (2017) investi-
gated both the quantity and quality of rural domestic 
waste generation in Iran. The results of their study 
showed households’ “income,” “assets,” “age,” and 
“personal attitude” as the most important factors 
affecting waste generation. Based on these results, 
Astane and Hajilo (2017) concluded indigenous 
knowledge on efficient use of materials and house-
holds’ attitudes as two important factors that could 
help reduce waste generation at the household level.

In an earlier study, Thanh et  al. (2010) explored 
the quantity and composition of HSW generation in 
Vietnam. Their study showed that the HSW genera-
tion rate per capita per day positively correlates with 
urbanization level and population density, but nega-
tively correlates with household size. Afroz et  al., 
(2011a, 2011b) examined the factors influencing 
solid wastes generation and willingness to minimize 
these wastes in Dhaka city. The results of their study 
showed income groups, environmental consciousness, 
and willingness to separate waste generation as three 
significant factors affecting household waste genera-
tion. Furthermore, the results of their study showed 
environmental consciousness, middle-income group, 
the existence of storage facility, and young adults age 
group category (25 to 35 years) as significant factors 
affecting willingness to minimize solid waste.

Studies have established the nexus between socio-
economic factors and household waste generation. 
For example, Sankoh et  al. (2012) examined socio-
economic factors affecting both HSW generation 
and composition in Sierra Leone. The results of their 
study showed monthly income, family size, employ-
ment status, and the number of room(s) occupied by 
households as significant factors that influence HSW 
generation and composition. In a similar study, Irwan 
et al. (2013) examined the influence of income level 
and age on per capita HSW generation in Malaysia. 
They found that HSW is higher in the case of affluent 
households. Nevertheless, they found no conclusive 
result concerning the relationship between age and 

HSW generation. Jadoon et  al. (2014) investigated 
factors affecting HSW generation and composition in 
Gulberg Town and Lahore’s case in Pakistan. Their 
study revealed that the rate of HSW generation var-
ies with the household’s income level. Based on this 
summary of the literature, we formulate the following 
hypotheses and build the following research model:

Hypothesis 1a:  Lack of Knowledge about waste 
management will increase household waste gen-
eration; inversely, sufficient knowledge about waste 
management will decrease household waste genera-
tion (HWG). Similarly, we formulate the following 
hypotheses:

Lack of Motivation factors (Hypothesis 1b), 
Contribution factors (Hypothesis 1c), Time factors 
(Hypothesis 1d), Awareness factors (Hypothesis 1e), 
and Attitudes factors (Hypothesis 1f) will increase 
HWG; inversely, sufficient Motivation factors, Contri-
bution factors, Time factors, Awareness factors, and 
Attitudes factors will decrease HWG.

Hypothesis 2a:  Lack of knowledge will increase 
household waste generation in urban areas; inversely, 
sufficient knowledge about waste management will 
decrease household waste generation in urban areas. 
Similarly, we formulate the following hypotheses:

Lack of Motivation factors (Hypothesis 2b), 
Contribution factors (Hypothesis 2c), Time factors 
(Hypothesis 2d), Awareness factors (Hypothesis 2e), 
and Attitudes factors (Hypothesis 2f) will increase 
HWG in the urban areas; inversely, sufficient Moti-
vation factors, Contribution factors, Time factors, 
Awareness factors, and Attitudes factors will decrease 
HWG in the urban areas.

Hypothesis 3a:  Lack of knowledge will increase 
household waste generation in rural areas; inversely, 
sufficient knowledge about waste management will 
decrease household waste generation in rural areas. 
Similarly, we formulate the following hypotheses:

Lack of Motivation factors (Hypothesis 3b), 
Contribution factors (Hypothesis 3c), Time factors 
(Hypothesis 3d), Awareness factors (Hypothesis 3e), 
and Attitudes factors (Hypothesis 3f) will increase 
HWG; inversely, sufficient Motivation factors, Con-
tribution factors, Time factors, Awareness factors, 
and Attitudes factors will decrease HWG in the rural 
areas.



	 Environ Monit Assess         (2021) 193:838 

1 3

  838   Page 4 of 22

We have built Fig.  1 to show the relationships 
between the variables of interest. In this figure, 
motivation, knowledge, contribution, time, aware-
ness, and attitude factors are considered as the inde-
pendent variables and household solid waste (HSW) 
generation as the dependent variable while socio-
economic factors and geographic location (urban 
areas and rural areas) are considered as control var-
iables and moderating variables, respectively.

Data and methods

Data collection method

To meet the objectives of this study, we used a sample 
survey approach with a fully structured questionnaire. 
The first and second sections of the questionnaire 

captured the households’ demographic and socioeco-
nomic characteristics and background information 
on household solid waste (HSW) generation and the 
fraction of HSW generation, respectively. The third 
and last sections were designed to collect data on atti-
tudes, behaviors, and actions toward waste manage-
ment at the household level. Respondents’ income 
was categorized as 11 monthly household income lev-
els using pre-identified categories. Respondent’s edu-
cation level, occupation, and the number of individu-
als per household were also recorded as factors that 
affect HSW generation. Further, data were collected 
to identify management factors of the HSW genera-
tion based on six dimensions, namely “knowledge” 
(6 items), “motivation” (7 items), “contribution” (3 
items), “time” (3 items), “awareness” (3 items), and 
“attitudes” (3 items). All these 25 items were meas-
ured using a five-point Likert scale. A pilot survey 

Fig. 1   Conceptual model for evaluating waste management factors at household level
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was conducted with 40 respondents drawn from the 
sample representing households living in urban and 
rural areas. The feedback from the pilot testing has 
resulted in minor amendments to the questionnaire 
(Appendix).

We distributed the final questionnaire to 403 
households living in urban and rural areas in Colombo 
district, Sri Lanka. As a protocol for the data collec-
tion, each household was instructed to measure the 
weight of the waste generated during the subsequent 
week they received the questionnaire and categorized 
all the waste generated into food residues, polythene/
plastic, paper/carton, and mixed waste before filling it 
(questionnaire) out. In total, we retrieved 335 copies 
of the questionnaire that were correctly filled out.

Data analysis

In this study, we used a structural equation modeling 
to evaluate the influence of waste “management” 
factors (Knowledge, Motivation, Time, Awareness, 
Contribution, Attitudes) on waste generation at the 
household level. As the household waste generation is 
subjected to vary by the residential area or geographic 
location (that is “urban areas” versus “rural areas”) of 
the respondents, we tested separately these relation-
ships without including the moderating effect of geo-
graphic location (urban area versus rural area) first 
and then added these two moderating factors, that 
is, urban area versus rural area, in the next analyses. 
Structural equation modeling (SEM) was used to test 
the hypotheses of this study.

SEM involves path analysis and measurement mod-
els and also uses statistical models and computer pro-
grams to examine the structural connections between 
latent variables underlying the actual variables taken 
from observed data (Kline, 2016). The advantages of 
using SEM are that it allows the employment of mul-
tiple measures to represent the underlying constructs 
and addresses the problem of measure-specific errors 
in ways that cannot be done with other general linear 
models, where measurement errors are not modeled 
and constructs may be represented with one measure 
(Weston & Gore, 2006). These aforementioned advan-
tages are particularly significant as using SEM allows 
scholars to establish the construct validity of the 
studied factors (Hoyt et al., 2006). Different from the 
standard multiple regression approaches, SEM allows 
for model estimation with several dependent variables 

and their interconnections (Chin, 2010; Gooderham 
et al., 2011). Furthermore, SEM helps to estimate and 
tests simultaneously causal relationships among the 
construct of interest (Gefen et al., 2000). Though there 
is no consensus over the appropriate sample size for 
SEM analysis, some studies have established that a 
sample size between 100 and 150 to be sufficient for 
conducting SEM (Ding et  al., 1995; Tabachnick & 
Fidell, 2001; Tinsley & Tinsley, 1987) while others 
have suggested sufficient sample size equal or higher 
than 200 as the rule of thumb (Boomsma & Hoogland, 
2001; Iacobucci, 2010; Kline, 2005), which thus sup-
port the size of our sample.

Measurement model, validity, and reliability analysis

In this study, household solid waste generation, more 
specifically the measured weight of waste generated at 
households for a week (MWWGHW), is considered as 
the dependent variable, categorizing into kitchen waste 
fraction generated for a week (KWFGW), plastic/poly-
thene waste fraction generated for a week (PPWFGW), 
paper/carton waste fraction generated for a week 
(PCWFGW), and other waste fraction generated for a 
week (OWFGW) as dependent variables. The control 
variables are family size, family monthly income, edu-
cational level, and occupation. Apart from that knowl-
edge, motivation, contribution, time, awareness, and 
attitudes factors, are identified under six dimensions as 
waste management factors. Further, geographic loca-
tions such as urban areas and rural areas were consid-
ered in the study as the moderating variables.

Convergent validity and reliability test

The items of the questionnaire were tested for con-
vergent validity, reliability, and discriminant valid-
ity. As the rule of thumb suggests, the test for con-
vergent validity of the items associated with any 
latent variables should have a loading factor equal 
to or higher than the cutoff value of 0.50 (Hair et al., 
2010). As shown in Table  1, the measurements for 
convergent validity are confirmed as each item has 
a value higher than 0.50. We employed compos-
ite reliability (CR) and average variance extracted  
(AVE) to assess the reliability of the items. The reli-
ability test is also supported as CR for each item 
exceeded the suggested cutoff value of 0.6 and all AVE  
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was above the suggested value of 0.5 (see Bagozzi & 
Yi, 1988). Furthermore, the value for the KMO indi-
cator should be equal to or higher than 0.5; factor  
loading should be equal to or higher than 0.6; Eigen-
value should be higher than 1; and Cronbach’s alpha 
(α) should be equal to or higher than 0.60 for the 
reliability and validity of the variables (see Bagozzi 
& Yi, 1988; Field, 2009; Kaiser, 1974). As shown  
in Table 2, all the variables have a value higher than  
the minimum recommended value.

Goodness of Fit

As shown in Table 3, the minimum discrepancy per 
degree of freedom (CMIN/DF) equals 2.250 and the 
Goodness of Fit Index (GFI) equals 0.868. The results 
also show that the Normed Fit Index (NFI) equals 
0.937, and the Comparative Fit Index (CFI) equals 
0.964, suggesting an overall good fit for our model 
(see Hu & Bentler, 1999). Furthermore, the Adjusted 
Goodness of Fit Index (AGFI) of 0.835 is higher 
than the suggested value of 0.80 while the root mean 

square residual (RMR) and root mean square error of 
approximation (RMSEA) indicate a value of 0.061 
and 0.030, respectively. These results show no decline 
in the fit indexes of the constrained model, indicating 
a shred of satisfactory evidence for metric invariance 
(Hair et al., 2006; Steenkamp & Baumgartner, 1998).

Discriminant validity test

We conducted a discriminant validity test to ensure 
that the square root of the AVE for each variable is 
greater than the inter-construct correlations. Table  4 
compares the squared inter-construct correlations 
estimates with the AVE for all constructs. Diagonal 
entries in bold are the AVE for all constructs and sub-
diagonal entries are the squared inter-construct cor-
relations estimates among constructs. As indicated 
in Table 4, the AVE value of each construct is higher 
than the squared correlations between that construct 
and other constructs, suggesting the existence of dis-
criminant validity between the underlying constructs 
(Fornell & Larcker, 1981).

Table 1   Results of the 
convergent validity test

Construct No. of items Standardized factor 
loadings

Average variance 
exacted

Composite 
reliability

Min Max

Knowledge 6/7 0.604 0.810 0.695 0.947
Motivation 7/7 0.699 0.935 0.697 0.971
Contribution 3/4 0.809 0.995 0.865 0.965
Time 3/4 0.926 0.992 0.791 0.927
Awareness 3/4 0.910 0.944 0.859 0.965
Attitudes 3/4 0.660 0.992 0.795 0.964

Table 2   Results of reliability and validity test

Construct No. of items Cronbach’s alpha KMO measure of 
sampling adequacy

Bartlett’s test of  
sphericity approx.  
chi-square (df)

P-value Extraction sums of 
squared Loadings

Total Percentage 
of variance

Knowledge 6/7 0.930 0.893 1615.032 (15) 0.000 4.471 74.524
Motivation 7/7 0.940 0.926 2109.592 (21) 0.000 5.163 73.763
Contribution ¾ 0.946 0.709 1282.931 (3) 0.000 2.712 90.415
Time ¾ 0.901 0.648 1260.646 (3) 0.000 2.512 83.724
Awareness ¾ 0.948 0.774 974.389 (3) 0.000 2.719 90.637
Attitudes ¾ 0.900 0.655 1196.275 (3) 0.000 2.529 84.289
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Results and discussion

The descriptive analysis depicts the difference 
between the level of education (Fig.  2) among the 
heads of the households living in rural and urban 
areas of the Colombo district. The results of the 
descriptive analysis also show that there is no sig-
nificant difference between the level of education of 
the head of households in the urban and rural areas 
except for 20.2% of the respondents with “up to a 
secondary level” living in a rural area compared and 
10.8% of this same level of education who are living 
in the urban area. The results show that 38.1% of the 
respondents live in the rural area and have graduate 
or above qualifications (such as Masters, M.Phil., 
and Ph.D.) compared to 41.8% of the same educa-
tion level for those who live in the urban area. The 
results also show that 11.9% of respondents who 
live in the rural area have vocational training levels 
while 14.7% of the same training level live in the 
urban area. Furthermore, our result shows that 25% 
of respondents living in the rural area have reached 

“Up to upper secondary education,” whereas 27.5% 
have reached the same level of education in the 
urban area. Moreover, the rural area of the Colombo 
district counts 1.2% of head households who did 
not attend a formal education program in contrast 
to 0.8% in the urban area. When considering voca-
tional training, the rural area has less representation  
(11.9%) than the urban area (14.7%).

As demonstrated by the descriptive analysis, the 
distribution of occupation of the heads of the house-
holds indicates a significant difference between rural 
and urban areas. For example, most of the head-
households in the Colombo district work in the public 
sector, representing 48% in the rural area compared 
to 31% in the urban area. In the rural area, there are 
fewer private-sector employees (19%) and people 
who do business (8%).

As per Fig. 3, the range of the size of the house-
holds in the rural area varies from 2 to 7 individuals 
compared with the range of 1 and 8 individuals in the 
urban area. Households with four members share the 
highest percentage both in the rural area (32%) and 

Table 3   Results of the 
Goodness of Fit of the 
measurement model

The Goodness of Fit Index Observed value Acceptable value

Absolute fit indices CMIN/DF 2.250  < 3
GFI 0.868 0–1
AGFI 0.835 0–1
RMR 0.061  < 0.1
RMSEA 0.030  < 0.1

Incremental fit indices TLI 0.958 0–1
CFI 0.964 0–1
RFI 0.928 0–1
NFI 0.937 0–1

Parsimony fit indices PGFI 0.835 0–1
PRATIO 0.867 0–1
PNFI 0.812 0–1
PCFI 0.835 0–1

Table 4   Comparison of 
squared inter-construct 
correlations with AVE

Knowledge Motivation Contribution Time Awareness Attitudes

Knowledge 0.695
Motivation 0.364 0.697
Contribution 0.371 0.229 0.865
Time 0.241 0.180 0.180 0.791
Awareness 0.494 0.409 0.372 0.320 0.859
Attitudes 0.510 0.413 0.456 0.207 0.530 0.795
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the urban area (38%). Households with five members 
have the highest disparity between those living in 
the rural area (29%) and urban area (20%). However, 
households with seven (7) members are tied between 
the rural and urban areas.

Furthermore, Fig.  4 shows that households 
in the rural areas have a higher income dispar-
ity than households living in the urban areas. For 
the monthly income lower than Rs. 10,000, house-
holds in the rural areas make up 25% of that thresh-
old while those in the urban areas count for 18% 
of that same income category. On the other end, 
the highest monthly income (above Rs. 100,000) 
is registered among 7% of the households in rural 

and urban areas. Except for monthly income in the 
range between Rs.60,000–Rs.70,000 (14%) and 
Rs.70,000–Rs.80,000 (13%), all the other income 
categories are below 10% for households living 
in the rural areas. When considering the monthly 
income for households living in the urban areas, 
12% of them are within the monthly income range 
of Rs.10,000–Rs.20,000, and 11% are within the 
monthly income range of Rs.60,000–Rs.70,000. 
Overall, the urban area has fewer fluctuations in the 
household head’s income, even if the income in the 
rural area varies (in the categories above the monthly 
income range of Rs. 80,000–Rs. 90,000) in high and 
low ends.

Fig. 2   Distribution of 
education levels of the head 
of the households
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More importantly, the descriptive analysis shows 
that the Knowledge factor is relatively low in urban 
(mean = 2.21) and rural (mean = 1.945) areas 
while the Motivation factor remains weak in urban 
areas (mean = 1.92) and strong in the rural areas 
(mean = 4.18) as shown in Table  5. However, the 
mean value for the other factors is relatively equal 
among respondents living in rural areas and urban 
areas as well.

Results of the path analysis

Path analysis is one type of general linear model that 
is also comparable to multiple regression in that it 
allows to measure the effect of several independent 
variables on a dependent variable (Allen, 2017). In 
this regard, the results from path analysis were mainly 
obtained in two levels, without and with the moder-
ating effect of the respondents’ geographic location 
(urban versus rural areas). To identify the significant 
factors affecting household solid waste generation, 

more specifically the measured weight of waste gen-
erated at households for a week (MWWGHW), a 
structural model without the moderating effect of 
the households’ geographic location was developed. 
As shown in Table  6 and the final empirical model 
shown in Fig. 5, Knowledge ( � = − 0.129, p < 0.05), 
Motivation ( � = − 0.161, p < 0.001), Contribution 
( � = − 0.111, p < 0.05), and Awareness ( �= − 0.189, 
p < 0.001) significantly and negatively associated 
with MWWGHW. These findings, especially knowl-
edge factors, are different from other findings show-
ing that knowledge factors can influence households 
to reduce waste generation (e.g., Gökdere, 2005; 
Jereme et  al., 2016). This is because the overall 
Knowledge factor (mean = 2.14) is relatively low in 
the context of Sri Lanka (see Table 5). Therefore, we 
can conclude that lack of knowledge about proper 
waste management may result in higher household 
waste generation regardless of the level of motivation, 
contribution, and awareness of household members to 
support waste management initiatives.

Fig. 4   Distribution of 
monthly income of head of 
the households
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Table 5   Descriptive 
statistics of the waste 
management factors

Indicator Urban Rural Overall

Mean Std. deviation Mean Std. deviation Mean Std. deviation

Knowledge 2.21 0.89 1.95 0.73 2.14 0.87
Motivation 1.92 0.70 4.18 0.66 2.49 1.20
Time 3.41 0.93 3.45 1.01 3.42 0.95
Awareness 3.93 0.80 2.14 0.84 3.48 1.12
Contribution 3.69 0.80 3.62 0.84 3.67 0.81
Attitudes 3.95 0.60 4.01 0.67 3.97 0.62
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Moreover, the results of this study show only two 
factors are significantly and negatively associated 
with one of the components of MWWGHW. This is 
the case of the relationship between the Motivation 
factor and paper/carton waste fraction generated for a  
week (PCWFGW) (β = − 0.147, p < 0.05) as well as 
the case of the relationship between the Awareness 
factor and PCWFGW (β = − 0.150, < 0.001), as indi-
cated in Table 6. As households’ attitudes and knowl-
edge on the proper and efficient use of materials were 
found to be two (2) contributing factors to the reduc-
tion of waste generation (Astane & Hajilo, 2017), this 
suggests the need to increase motivation, awareness, 
and attitude factors as well as the knowledge factor 
relative to waste management of households to better 
support waste management.

Furthermore, Table  6  indicates that socio-
economic factors such as Family Size ( � = 0.134; 
p < 0.001) and Monthly Family Income ( � = 0.301; 
p < 0.001) are significantly and positively associ-
ated with MWWGHW while Occupation factor 
( � = − 0.106, p < 0.05) is significantly and nega-
tively associated with MWWGHW. These results 
(e.g., Family Size and income level) are consistent 
with previous studies showing a significant influ-
ence of these socioeconomic factors on house-
hold waste generation (e.g., Bandara et  al., 2007; 
Buenrostro et  al., 2001; Jadoon et  al., 2014). This 
suggests that an increase in the number of indi-
viduals per household and monthly income will 
increase the amount of waste generated per week 
per household. Moreover, the negative association 

Fig. 5   Results of the empirical model. *, **, and *** denote the significance of the hypothesis at 1%, 5%, and 10% respectively



	 Environ Monit Assess         (2021) 193:838 

1 3

  838   Page 12 of 22

between the Occupation Factor and MWWGHW, 
therefore, indicates that a change of occupation 
from permanent/stable job positions to temporary/
unstable positions may result in less waste genera-
tion per week at the household level. Surprisingly, 
the relationship between the Education Level fac-
tor is insignificantly associated with MWWGHW  
as shown in Table 6. This result is inconsistent with 
prior studies showing that education of households 
on solid waste management is essential to increase 
households’ decision into collecting wastes other 
than open dumping or burning (e.g., Adzawla et al., 
2019), but consistent with other results indicating 
households’ education level has an inverse relation  
with the waste generation rate (e.g., Kumar &  
Samadder, 2017).

When we explore the relationships between socio-
economic factors and some components or fractions 
of the Weight of the Waste Generated at the House-
hold for a Week (MWWGHW), we found out that 
the results vary to a certain degree (see Table 6). For 
example, the Family Monthly Income factor is posi-
tively associated with paper/carton waste fraction 
for a week (PCWFGW) (β = − 0.183, p < 0.001) and 
positively associated with other waste fraction gen-
erated for a week (OWFGW) (β = 0.278, p < 0.001). 
Also, the Education Level factor is significantly 
and negatively associated with kitchen waste frac-
tion generated for a week (KWFGW) (β = − 0.131, 
p < 0.05), but significantly and positively associ-
ated with plastic/polythene waste fraction generated 
for a week (PPWFGW), (β = 0.156, p < 0.001) and 
paper/carton waste fraction generated for a week 
(PCWFGW), (β = 0.122, p < 0.05) while the Occupa-
tion factor is significantly and positively associated 
with PPWFGW (β = 0.099, p < 0.01) and OWFGW 
(β = − 0.127, p < 0.05).

N.B.

This empirical model presents the results only with 
the endogenous variable of MWWGHW without 
the effect of the moderator variable. However, this 
empirical model is applicable for all the compo-
nents (MWWGHW, KWFW, PPWFW, PCWFW, and 
OWFW) with and without the effect of the moderat-
ing variable geographic location (urban areas and 
rural areas).

To assess the moderating effect of the geographic 
location (urban areas versus rural areas) on the rela-
tionships between waste management factors and 
MWWGHW, a structural model of the respond-
ents was developed. Table 7 shows the results of the 
structural model with the moderating effect of the 
geographic location Urban Area on the relationships 
between the independent variables and the dependent 
variable. Interestingly, the results in Table 7 show that 
only the relationship between the Motivation factor 
and MWWGHW ( � = − 0.129, p < 0.05) is influenced 
significantly, but negatively by the geographic loca-
tion Urban Area. These results are inconsistent with 
prior findings showing knowledge and attitude as 
significant predictors of positive recycling behavior 
at the household level (Babaei et al., 2015), which in 
turn influences solid waste generated at the household 
level.

One of the important results of this study is the fact 
that that the relationships between several of the inde-
pendent variables and components of MWWGHW 
are moderated by the geographic location Urban 
Areas. This is the case of the relationships between 
the Motivation factor and kitchen waste fraction gen-
erated for a week (KWFGW) (β = 0.170, p < 0.001), 
paper/carton waste fraction generated for a week 
(PCWFGW) (β = − 0.145, p < 0.05), other waste frac-
tion generated for a week (OWFGW) (β = − 0.141, 
p < 0.05); the relationships between the Contribution 
factor and KWFGW (β = 0.131, p < 0.05), OWFGW 
(β = − 0.114, p < 0.01); and the relationships between 
the Attitudes factor and KWFGW (β = 0.135, p < 0.05) 
and PCWFGW (β = − 0.167, p < 0.001).

Additionally, Table 7 indicates that the Geographic 
Location Urban Area factor positively and signifi-
cantly moderates the relationships between the Fam-
ily Size and MWWGHW ( � = 0.182, p < 0.001) and 
Family Monthly Income factor and MWWGHW ( � = 
0.331, p < 0.001). The results for the household size 
in this study are consistent with the findings of several 
other studies (e.g., Dangi et al., 2011; Sujauddin et al., 
2008). It means that an increase in the family size and 
an increase in their monthly income will increase the 
amount of waste generated for households living in 
urban areas. This result for the influence of monthly 
family income on the amount of waste generated is 
consistent with results found by Sankoh et al. (2012), 
Irwan et  al. (2013), and Afroz et  al. (2011a, 2011b) 
when considering the moderating effect of Urban 
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Area factor. Also, the result of the economic status of 
the households is supported by the finding of Khan 
et al. (2016), Ojeda-Benítez et al. (2008), and Zhang 
et al. (2018) showing a higher amount of waste gen-
erated by the wealthier households living in urban 
areas.

The results in Table  7 also indicate that the geo-
graphic location Urban Areas factor influences nega-
tively and significantly the relationship between the 
occupation of the heads of the household and MWW-
GHW ( � = − 0.124, p < 0.05). Therefore, this result 
suggests that a change in occupation from permanent 
and stable job positions to temporary and unstable job 
positions will decrease the weekly amount of waste 
generated per household in the urban areas. This 
result is not in line with the findings of the study by 
Babaei et  al. (2015) showing a positive influence of 
occupation on solid waste generation at the house-
hold level. Interestingly, Table 7 shows no significant 
influence on geographic location Urban Area on the 
relationship between the Education Levels factor and 
MWWGHW, which is partially inconsistent with find-
ings of a study by Mattar et al. (2018) showing educa-
tion reduces the amount of household waste genera-
tion. This result is very meaningful as a higher level  
of education does not necessarily imply pro- 
environmental behavior or a higher level of environ-
mental awareness (De Feo & De Gisi, 2010). Moreover,  
this statement and the result of our study contrast the 
findings that show a higher level of education yield a 
negative pro-environmental attitude (e.g., De Feo & 
De Gisi, 2010; Padilla & Trujillo, 2018) in opposition 
to findings showing the inverse influence, meaning a 
higher level of education generates pro-environmental 
attitudes (e.g., Zen et al., 2014).

Table  8 shows the moderating effect of the geo-
graphic location Rural Area. From this table, one can 
remark that four out of the six relationships between 
the independent and dependent variables are signifi-
cantly and negatively moderated by geographic loca-
tion Rural Area (Knowledge and MWWGHW ( � 
= − 0.187, p < 0.01); Motivation and MWWGHW ( � 
= − 0.390, p < 0.001); Contribution and MWWGHW 
( � = − 0.154, p < 0.10); Awareness and MWWGHW 
( � = − 0.285, p < 0.001)). Furthermore, the results 
in Table 8 show that the relationships between most 
of the independent and some components of MWW-
GHW are either positively or negatively moderated 
by the geographic location Rural Area. For instance, 

the Rural Areas factor moderates significantly and 
positively the relationships between Knowledge and 
MWWGHW plastic/polythene waste fraction gen-
erated for a week (PPWFGW) (β = 0.179, p < 0.01); 
Knowledge and MWWGHW-PCWFW (β = 0.242, 
p < 0.05); Contribution and MWWGHW-PCWFW 
(β = 0.151, p < 0.01); Attitudes and plastic/polythene 
waste fraction generated for a week (PPWFGW) 
(β = 0.180, p < 0.01) while significantly and nega-
tively moderates the relationships between Motiva-
tion factor PPWFGW (β = − 0.167, p < 0.01); Aware-
ness and paper/carton waste fraction generated for a 
week (PCWFGW) (β = − 2.224, p < 0.05); and Atti-
tudes and other waste fraction generated for a week 
(OWFGW) (β = − 0.230, p < 0.05). 

Also, Table  8 indicates that the geographic loca-
tion Rural Area does not moderate the influence of 
the four socioeconomic factors (family size, family  
income, education level, and occupation) and MWW-
GHW. However, the geographic location Rural Area 
moderates significantly and negatively the influ-
ences of the Family Income factor on PPWFGW 
(β = − 0.197, p < 0.05); PCWFGW (β = − 0.309, 
p < 0.001). Furthermore, our results show that the 
geographic location Rural Area moderates signifi-
cantly and negatively the influence of Education 
Level factor on KWFGW (β = − 0.241, p < 0.05), 
but positively Education Level factor on PPWFGW 
(β = 0.288, p < 0.001) and PCWFGW (β = 0.192, 
p < 0.05). This result thus suggests the need to pro-
mote sustainable development practices and attitude 
change through education and continuous awareness 
campaign throughout the rural areas.

Conclusions and policy implications

In this study, we have attempted to examine the 
effect of waste management factors on household 
solid waste generation and solid waste fraction or 
components in Sri Lanka while controlling for the 
socioeconomic factors, namely family size, educa-
tion, monthly family income, and occupation. We 
have also attempted to examine the extent to which 
the geographic locations of Urban areas and Rural 
areas moderate the influence of the independent 
variables as well as the influence of the control vari-
ables on the dependent variable (household solid 
waste generation). The results of this study show 
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knowledge, motivation, and contribution as the only 
waste management factors that significantly and nega-
tively influence solid waste generation at the house-
hold level in Sri Lanka. The results of this study also 
show that Family Size, Family Monthly Income, and 
Occupation significantly and positively affect house-
hold solid waste generation at the household level. 
Furthermore, the results of this study show that only 
the relationship between the Motivation factor and 
MWWGHW is moderated by the geographic loca-
tion of the Urban Area. However, the relationships  
between Contribution factors and Attitudes factors and 
several other components of MWWGHW are moderated  
by the geographic location of the Urban Area. Inter-
estingly, the results show that only the Time factor 
and MWWGHW as well as the relationship between 
the Attitudes factor and MWWGHW are not signifi-
cantly moderated by the geographic location Rural 
Area while mixed results are found when using dif-
ferent components of MWWGHW. It is important to 
note that the relationships between Knowledge, Moti-
vation, Contribution, Time, Awareness, Attitudes 
factors, and the components of MWWGHW seem to 
be unique insights as we did not come across other 
studies that were consistent with our findings during 
our literature search. Interestingly, we found positive 
and significant relationships between Family Size, 
Monthly Family Income, Occupation, and measured 
weight of waste generated at households for a week 
(MWWGHW), and these relationships are signifi-
cantly moderated only by the geographic local Urban  
Area.

During the last decade, households in Sri Lanka 
have progressively changed the old practice of burn-
ing and dumping waste to a more pro-environmental 
behavior of “waste collection arrangements.” The 
fact that Sri Lanka has known some improvement in 
its socioeconomic conditions and has increased the 
rate of its urbanization, one should expect higher 
waste generation at the household level in rural and 
urban areas. To keep up with the pace of the grow-
ing demand for household waste collection services, 
the central government of Sri Lanka needs to support 
local governments to develop a reliable waste man-
agement system by developing an adequate infrastruc-
ture and by investing in waste collection equipment.

As local governments often face budget allocation 
constraints, they can urge the central government to 

increase their budget allocation (Kumara & Pallegedara,  
2020) or charge a direct household waste collection 
fee. To meet the demand for household waste collec-
tion, municipalities in Sri Lanka must opt to conduct a  
cost–benefit analysis in order to meet the challenges of 
household waste collection and management (Kumara  
& Pallegedara, 2020). By conducting a cost–benefit 
analysis, local governments would likely have more 
insights on encouraging waste separation at the house-
hold level and recycling at the municipality level (Lavee 
& Nardiya, 2013). Thereby, the central government of 
Sri Lanka and local authorities at the municipality level 
would be able to promote pro-environmental behavior 
and influence their citizens accordingly.

Following the suggestions of Padilla and Trujillo 
(2018), the government of Sri Lanka is encouraged 
to incentivize its citizens to reuse some of the house-
hold waste generated through a tax-deductible sys-
tem. While governments need to take these actions, 
they also need to educate their citizens regarding the  
consequences of anti-environmental behaviors. Also, 
governments of Sri Lanka need to ensure that house-
holds have enough knowledge about pro-environmental  
practices, such as sorting waste and transforming  
waste into compost. Following Babaei et  al. (2015), 
governments of Sri Lanka are encouraged to increase 
awareness of their citizens by promoting and develop-
ing recycling programs to develop effective campaigns 
and household behavior-changing interventions. More 
importantly, the governments of Sri Lanka are encour-
aged to foster the development of sustainable entrepre-
neurial start-ups that aim at solving the issues related 
to household waste collection, management, and trans-
formation of this waste into a product such as compost 
that could be used by households in the rural areas 
who are largely depending on agriculture. It should be 
noted that the central government of Sri Lanka may 
not be able to increase the budget of all municipali-
ties. Therefore, municipalities can take prompt action 
by introducing garbage-burning ovens as suggested by  
Kumara and Pallegedara (2020).

Appendix
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Factors Affecting Household Solid Waste Generation and Management in Sri Lanka:
An Empirical Study

This study aims to collect primary data to assess factors associated with household waste generation.  

Furthermore, the study intends to improve the general understanding of the household solid waste 

generation and its subcategories impact on the environment and human health and the requirement of 

solid waste management practice in Sri Lanka.  

Please note that: 

o Participation in the survey is entirely voluntary.

o The questionnaire is to be answered by the head of the household.

o Before starting to provide answers, please read and make sure you understand the instructions 

relevant to each question and provide the correct answer to each question.

o After recording relevant data for one week, please answer Part III of the questionnaire.

The data you provided will be used only for purpose of this study. Furthermore, we are bound to keep 

the collected data at utmost confidentiality.

Thanks for your time and contribution

Name of the MC/UC/PS: MC / UC / PS

Sector/Residential Area of the Household: Urban Rural

Part I - Respondent’s Demographic and Socioeconomic Data

1. Please tick (‘�’) in the relevant box/boxes and if needed comment on your answer.

1.1 Number of persons currently living in the house:

1.2 Highest educational qualifications of head of household (H/H):

Q/No.
Date

Education Level Tick (‘�’) in the relevant box

1 No schooling

2 Up to grade 5

3 From grade 5 to grade 10

4 Passed O/L or equivalent

5 Passed A/L or equivalent

6 Vocational Training

7 Graduate or above
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1.3 Occupations of the head of the household (H/H): 

employee; -employed

-wife

1.4 Family monthly income range:

0,000

Part II - Respondent’s Responses on Solid Waste Management Factors

Please select the most appropriate response for the below factors relating to the impact on your 

Rank 5 4 3 2 1

Level of the 

Agreement
Agree

Some What 

Agree

Neither 

Disagree or Agree

Some What 

Disagree
Disagree

1 - Factors Influencing Solid Waste Management

1 - Knowledge 5 4 3 2 1

1
I have good knowledge about my responsibility on solid waste 

generation and management at home. 

2
I have good knowledge about controlling solid waste generation at 

home.

3
I have a good understanding of timely neediness for solid waste 

source separation at home.

4
I know that solid waste can be transformed into a valuable resource 

of income after source separation and recycling at home.

5
I have good knowledge about the nearest waste collection centers 

established for collecting source-separated wastes at home.

6
I have good knowledge about problems that may occur due to 

inappropriate ways of disposing of solid waste at home.

7
I have good knowledge about proper solid waste disposal methods 

at home.
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2 - Motivation 5 4 3 2 1

1
I always feel motivated to control unnecessary waste generation 

inside my home.

2
I always feel motivated to start proper waste management from my 

household.

3 I always feel motivated to recycle my wastes.

4 I always feel motivated to dispose of waste properly.

5 I always feel motivated to make compost from kitchen waste.

6
I always feel motivated to pay additional money to buy substitute 

products for polythene and plastic.

7 I always feel motivated to dispose of waste in separate bins.

3 - Contribution 5 4 3 2 1

1 I often contribute to or participate in waste management programs.

2
I know that my contribution to waste management will increase the 

standard of living in my household.

3
I always encourage my family members to participate in the proper 

management of waste generated at home.

4
I often try to influence my friends and neighbors to try to control 

their household solid generation.

4 - Time 5 4 3 2 1

1
I always have enough time to engage in waste management activities 

at home.

2
I always take time to control unnecessarily solid waste generation at 

home.

3
Managing my time would make it convenient to separate solid waste 

at home.

4 I have enough time to dispose of your waste properly.

5 - Awareness 5 4 3 2 1
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1
I am well aware of the environmental harm that can stem from 

inappropriate waste separation and disposal practices of household 

solid waste

2
I have learned a lot from the local authorities about waste 

management and how households can help manage can contribute to 

i l llb i
3

I am well aware of the approved polymerization of ethylene (PE)

value when purchasing polythene. 

4
I am well aware of national policies and laws regarding solid waste

generation and waste management at home.

6 - Attitudes 5 4 3 2 1

1
I always show positive attitudes towards controlling and managing 

solid waste generated at home.

2
I am open and willing to encourage my neighbors to follow the best 

household waste management practices.

3
In my opinion, separate and dispose of solid household waste in a 

proper way is a good practice.

4
I am willing to contribute to solid waste reduction (minimizing solid 

waste generation) programs at the household level.

Part III – Measuring of Wastes Generated at Household for a Week
Please fill the following table for a week for seven consecutive days from Monday to Sunday 

providing data for the physical composition of waste generated at your household. 

(Please note that daily measures are needed only for food wastes) *

Composition

Weights in Grams (For a week with seven 

days)
Total Weight 

Day 

1

Day 

2

Day 

3

Day 

4

Day 

5

Day 

6

Day 

7
Kilos Grams

1 Kitchen / Food 

Wastes*

2 Plastic/Polythene

3 Paper/Carton

4 Other Miscellaneous

Total
Note: Please use the scale provided to take the weight measurements of the wastes.

Thank you very much for your contribution.
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