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Abstract
The present study aims to develop the Theory of Planned Behavior (TPB) to explain comprehensively the establishment of 
intention and behavior toward source separation of waste. The extended TPB involves the significant structures affecting 
the behavior along with the original variables of TPB model. Data were gathered from 420 students in Ferdowsi University, 
Iran, using questionnaires, and analyzed by cluster analysis, discriminant analysis and structural equation modelling tech-
niques (SEM). The cluster analysis identified three distinct grouping according to TPB constructs, and it was validated by 
discriminant analysis. SEM results displays that motivation had the most important impact on intention, followed by moral 
obligation, perceived behavior control, subjective norm, situational factor and attitude. Fit statistic of the extended TPB 
model was good and had better explanatory power compared to the original TPB. It describes 81 and 57% of the variance 
for intention and behavior toward source separation waste, respectively.
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Introduction

Solid waste generation is continuously increasing day by 
day. Its amount and composition become problematic in 
terms of environmental pollution due to rapid urbanization 
and development, exploding global population, and raising 
goods consumption [1–3]. Recycling has been considered 
as the most important strategy to decrease waste negative 
impacts on the environment, and reduce waste transport 
and disposal costs [4, 5]. Recycling requires source separa-
tion of waste, which is a critical component of integrated 
solid waste management system [6–8]. Governments should 
encourage high level of public participation for source sepa-
ration of waste and identify its influencing factors [9].

Theory of Reasoned Action (TRA) and Theory of 
Planned Behavior (TPB) provide a theoretical framework 
to systematically investigate a broad range of intentions 
and behaviors in various fields, for example, environmental 

psychology (such as water conservation, energy consump-
tion, sustainable food choice, and recycling) [10–13]. TRA 
was developed by Fishbein and Ajzen [14]. The theory 
aimed to determine the intention construct by the attitude 
towards the behavior and the subjective norm. TPB, pro-
posed by Icek Ajzen [15], is a theory explaining human 
behavior. The theory assumes that a number of reasons or 
constructs including attitude, subjective norm, and perceived 
behavioral control is engaged in the formation of intentions 
to perform specific behavior. Recently, some studies found 
that TPB would help to predict waste separation behavior 
[13, 16, 17]. To improve potential of TPB model to predict 
behavioral intention, some additional constructs were sug-
gested including environmental knowledge, situational fac-
tor, moral obligation, past behavior, social motivation. For 
instance, situational factors including separation time and 
convenience of storage facilities had a significant impact on 
recycling behavior [9]. Furthermore, it seems that environ-
mental awareness was remarkably associated with the atti-
tude towards recycling [18]. Additionally, moral obligation 
might indirectly anticipate behavior through waste separa-
tion behavior [9].

Based on the literature, to predict a waste separation 
behavior using SEM with the TPB theory, there are two 
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main items, which should be considered. First, introduc-
ing additional constructs to TPB model other than the three 
mains (attitude, subjective norm, and perceived behavioral 
control) to interpret the behavior [9, 18]. Second, determine 
the most important factors that have influence on this behav-
ior in community. In some studies, environmental aware-
ness and knowledge have been considered as key factors of 
participation in recycling programs [19, 20]. The findings of 
Zhange et al. [8], Pakpour et al. [16], Nguyen et al. [4] and 
Chan and Bishop [21] indicated that the moral obligation is 
a determinant of recycling intention and behavior in a com-
munity. Attitudes towards the waste and environment were 
other predictors of waste separation behavior according to 
Rhodes et al. [3], Malik et al. [22], Ramayah et al. [18], and 
Tonglet et al. [23].

In the present study, with the aim of finding the most 
descriptors of recycling behavior among Iranian students, 
attitude, subjective norm, perceived behavior control, 
intention, moral obligation, environmental awareness, and 
situational factor were introduced. Recycling programs 
implemented in some cities of the world showed that the 
motivation would result in a higher rate of participation, but 
its contribution to explain waste separation behavior with 
SEM was not examined so far. Therefore, motivation was also 
considered as an additional construct. Based upon these fac-
tors, a comprehensive research on waste separation behavior 
among youth was conducted using SEM with the TPB theory.

Objectives and research hypotheses

Like other cities in Iran and many other developing countries, 
in Mashhad, the second large city in Iran, municipal solid 
waste is not separated before collecting. Although some vol-
untary recycling programs have been implemented by Mash-
had Municipality Waste Management Organization but public 
participation is quite low, mostly due to lack of appropriate 
source separation facilities. Since Ferdowsi University of 
Mashhad (FUM), the third biggest and highest university in 
Iran, has a moral and ethical obligation towards environment, 
it would be expected to be a leader in implementing a move-
ment of integrated waste management and 3R, through plan-
ning and managing waste separation facilities for campus. It is 
clear that broad participation of students in source separation 
of waste leads to social and environmental benefits.

With this background, the primary purpose of this 
research is to investigate whether the extended TPB model 
would predict and explain intention and behavior of the Uni-
versity students to segregate waste, and to find out about the 
influencing factors. The secondary purpose is to compare 
explanatory power of this model for recycling intention with 
original TPB. The tertiary purpose attempts to classify stu-
dents based on the TPB constructs.

The rationale for hypothesis was the findings of the lit-
erature [24, 25] related to youth environmental behavior and 
standard TPB assumptions. The specific research hypotheses 
are as follow:

Hypothesis 1  Moral obligation and knowledge of environ-
mental problems have positively related to attitude, subjec-
tive norm and perceived behavior control.

Hypothesis 2  Moral obligation and knowledge of environ-
mental problems have positively associated with subjective 
norm.

Hypothesis 3  Motivation has positively linked with 
intention.

Hypothesis 4  Attitude, subjective norm and perceived 
behavior control explain the students’ intention for source 
separation of waste.

Hypothesis 5  Situational factor and moral obligation have 
positively correlated to waste separation intention.

Hypothesis 6  Among all variables, student’s attitude is the 
most descriptor of waste separation intention.

Hypothesis 7  Perceived behavior control has influence on 
waste separation behavior.

Hypothesis 8  Moral obligation positively associates with 
waste separation behavior.

Hypothesis 9  Situational factor has a positive effect on 
intention toward source separation of waste.

Materials and methods

Sampling

FUM has been chosen as the study area, which is located in 
the second most populous city of Iran. FUM has 12 faculties 
including Agriculture, Architecture and Urban Planning, Vet-
erinary Medicine, Sciences, Psychology, Physical Education, 
Natural Resources and Environment, Mathematics, Econom-
ics, Engineering, Humanity Sciences, and Theology. Accord-
ing to statistics, there are around 27,000 students at FUM [26].

The sample size of participants was determined using 
Cochran formula [27] (Eq. 1).

(1)n =

pqz2

d2

1 +
1

N
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where n is the sample size of population, N is population size 
(27,000), z is the standard value for confidence level (1.96), 
d is the allowable error value (0.05), p is the estimated pro-
portion of an attribute that is present in the population (0.5), 
and q is 1 − p.

The data was collected using a questionnaire based on a 
face-to-face method with 420 respondents during July and 
August of 2016. Accordingly, to achieve the desired sample 
size, a number of 35 samples were randomly taken from 
each of 12 faculties. A sample (n) of students from each 
faculty was chosen based on a systemic random sampling 
technique. No financial incentive was made to the student 
and their participation was voluntary. The time for answer-
ing questions was 20 min. After the questionnaire was com-
pleted by the percipients, it was checked to ensure that all 
questions were filled. Therefore, the response rate was 100%.

Measurement instruments

The survey instrument was a structured questionnaire. The 
questionnaire framework was founded on TPB model and 
adapted scales and indicators adjusted in previous studies 
(for instance [4, 5, 13, 15, 28, 29]). The questionnaire con-
sists of three sections including dependent variables (inten-
tion to recycle and behavior), predictor latent variables 
(attitude, subjective norms, perceived behavioral control, 
responsibility, situational factor, environment knowledge, 
and feedback) and predictor manifest variables (gender, 
age, education level, type of faculty). Age was measured on 
a continuous scale, whereas the other demographics were 
defined as categorical variables. Furthermore, factors were 
measured using 5 points Likert scale which ranged from 
strongly disagree (1) to strongly agree (5). Before data col-
lection, the questionnaire was pre-tested among the students 
to measure its validity and reliability.

Data analysis

Descriptive analysis, such as frequencies, percentages, 
means and standard deviations, is calculated. Cronbach 
alpha test was used to analyze reliability of each construct 
of measurement instrument. A commonly accepted rule of 
thumb is that a Cronbach’s alpha value of 0.6 is considered 
as acceptable reliability and 0.8 or higher illustrates good 
reliability [30]. Furthermore, the correlations between pre-
dictor variables were analyzed by Pearson correlation test. 
The strength of these relationships was determined as small 
when r value was ± 0.1 to ± 0.29, medium when r value 
was  ± 0.3 to ± 0.49, and large when r value was  ± 0.5 to 
± 1.0 [31].

Structural equation modeling (SEM) was applied with 
two stage procedures to test fitness of the proposed model 
with gathered data [32, 33]. In first step, reliability and 

validity of measurement instrument were determined by 
confirmatory factor analysis (CFA) including construct 
reliability (CR), and average variance extracted (AVE). In 
second step, fitness of the proposed model and afterwards 
the relationships between independent and dependent vari-
ables were evaluated by SEM test. The model fit was exam-
ined based on the following indices: Comparative Fit Index 
(CFI), Goodness of Fit Index (GFI), Tucker-Lewis Index 
(TLI), Incremental Fit Index (IFI), Adjusted Goodness of 
Fit Index (AGFI), Root Mean Square Error of Approxima-
tion (RMSEA), χ2 (Chi square), χ2/df (Chi square to degree 
of freedom ratio). Model fit is satisfied if AGFI value goes 
beyond of 0.80, the values of other indices exceed from 
0.90, RMSEA value was less than 0.05, and χ2/df value was 
between 2 and 5 [32].

A two-step clustering method was applied to classify the 
student into relatively similar groups based on the constructs 
of extended TPB: (1) Hierarchical cluster analysis using the 
Ward method to recognize the proper number of clusters, 
and (2) a K-means cluster analysis, giving more elaborative 
information on the cluster membership. The Ward’s cluster 
analysis, after merging individuals into different subgroups 
generated three clusters. The K-means cluster analysis was 
applied due to having more acceptability than the hierarchi-
cal approach [29]. The variables of obtained clusters were 
statistically different from each other by K-means cluster-
ing. To determine the practical significance of the relation 
among subgroup membership and individual features, the 
effect size was computed [34, 35]. Eta-squared (η2) was 
used to calculate the effect size. Based on the criterion sug-
gested by Cohen [34], eta-squared values can be interpreted 
as small (0.01), medium (0.06) and large (0.14) effect sized. 
One-way analysis of variance (ANOVA) and chi square (X2) 
tests were used to compare cluster groups for continuous and 
categorical variables, respectively. Crosstab analyses were 
also applied to evaluate the between-group differences in the 
demographic characteristics. Finally, discriminant analysis 
was utilized to validity grouping determined by cluster anal-
ysis. The data were statistically analyzed using the AMOS 
24.0 and SPSS 22.0 software packages.

Results

Respondents’ demographic information

The socio-demographic characteristics of the participants 
are summarized in Table 1. A total of 420 students partici-
pated in this study, among which 63.3% of them were female 
and the remaining (36.7%) were male. A majority of the 
respondents (71%) was within the age group between 20 and 
24 years, and only 1.7% of them were older than 34 years. 
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Most of the survey respondents (73.6%) were undergradu-
ate students.

The Pearson correlation was used, to analyze the rela-
tionship among the influencing factors on students’ inten-
tion of waste source separation. The correlation is able 
to discover strength and direction of a linear relationship 
between dependent variables (intention and behavior) and 
independent or predictor variables. Table 2 presents the 
correlation and descriptive statistic results. It indicates 
that independent variables including attitude (r = 0.524), 
subjective norm (r = 0.127), perceived behavioral control 
(r = 0.246), environmental knowledge (r = 0.467), moral 
obligation (r = 0.549), situational factors (r = 0.112), and 
motivation (r = 0.406) have a significant positive relation-
ship with intention. The attitude and the moral obligation 

were strongly correlated with waste source separation 
intention. However, the environmental knowledge and the 
motivation display moderate, and other variables show 
small correlations.

Measurement model: reliability and validity

CFA was conducted using maximum likelihood estima-
tion (MLE) to evaluate the goodness of fit of measurement 
model and to construct validity. The calculated fit indices 
of the model for CFI, GFI, IFI, TLI, RMSEA, CMIN/df, 
and AGFI were 0.937, 0.907, 0.938, 0.926, 0.039, 1.641, 
and 0.883, respectively. Based on CFA findings, it was 
recognized that the values of fit indices are more than the 
recommended common acceptance levels [32]. Thus, it 
can be concluded that the measurement model showed 
good fit with the gathered data.

The results of internal reliability and convergent valid-
ity among items were summarized in Table 3. The results 
of Cronbach’s alpha reliability analysis showed that coef-
ficient values for attitude, subjective norm, perceived 
behavioral control, environmental knowledge, responsi-
bility, situational factors, motivation, and for intention and 
behavior were 0.8, 0.74, 0.66, 0.74, 0.77, 0.63, 0.7, and 
0.8, respectively. Furthermore, the survey indicates suf-
ficient reliability in the range of 0.64–0.8 values. Addi-
tionally, composite reliability demonstrates a degree to 
which the observed variables display latent variables. The 
construct reliability of all items ranges from 0.7 to 0.795, 
exceeding the recommended threshold of 0.6 [36]. As a 
next step, convergent validity of the items was examined 
by AVE. Table 3 shows that all AVE values are above 0.5, 
which indicate that the latent variables have good validi-
ties [32].

Table 1   Demographic characteristics of the participants

Factor SD Frequency, n Percentage, %

Age
 > 19 2.84 53 12.6
 20–24 298 71.0
 25–29 51 12.1
 30–34 11 2.6
 34+ 7 1.7

Gender
 Male 0.482 154 36.7
 Female 266 63.3

Level of education
 Associate 0.68 16 3.8
 Bachelor 309 73.6
 Master 56 13.3
 Doctorate 39 9.3

Table 2   Descriptive statistics and correlations of extended TPB constructs

*Significant at P < 0.05
**Significant at P < 0.01

Predictor variables (A) (SN) (PBC) (EA) (MO) (SF) (M) (I) (B) Mean SD

Attitude (A) – 17.2 2.29
Subjective norm (SN) **0.27 – 12.7 2.96
Perceived behavioral control (PBC) **0.31 **0.21 – 15.1 2.54
Environmental awareness (EA) **0.497 *0.112 **0.2 – 21.8 2.4
Moral obligation (MO) **0.527 **0.31 **0.28 **0.51 - 19.7 2.71
Situational factors (SF) 0.053 0.066 **0.134 0.074 -0.034 - 19.8 3.45
Motivation (M) **0.34 *0.1 **0.11 **0.38 **0.35 **0.129 - 8.34 1.35
Intention (I) **0.524 **0.127 **0.246 **0.467 **0.549 *0.112 **0.406 - 16.5 2.35
Behavior (B) **0.163 **0.33 **0.218 **0.12 **0.33 *0.09 0.06 **0.16 - 16.41 2.44
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Table 3   TPB constructs and their validity and reliability

Constructs Reliability 
coefficient

CR AVE Item Number of item Source

Attitude 0.8 0.795 0.69 4 I am interested in waste separation at university [13]
In my opinion, waste separation at university is an interesting activity
I think waste separation at university is essential
Waste separation at university needs to be further promoted in Iran

Subjective norm 0.74 0.72 0.62 4 People who are important to me (friends, teachers and classmates) 
expect that I do waste separation

[13]

The society in which we live expects that the students should separate 
their trash

My university criticizes me, if I do not do waste separation
My community criticizes me, if I do not do waste separation

Perceived behavioral control 0.71 0.7 0.57 4 The decision to separate waste is dependent on me [13]
Waste separation at university is an easy task for me
I separate my waste, regardless of if the university has incentives for it 

or not
If I want, I can separate waste at the university
Lack of practical knowledge about methods of waste separation, makes 

it difficult for me
Environmental awareness 0.74 0.71 0.62 5 Waste separation has economic benefits [4]

I believe that lack of appropriate waste management is a threat to my 
health and other students

I believe that overproduction of waste and improper disposal in land-
fills, causes serious environmental problems

I believe that the risks associated with the waste problems are real and 
serious

Waste separation reduces environmental pollution
Moral obligation 0.77 0.79 0.66 I think I am responsible for the waste, which is produced at the univer-

sity
[4]

If I do not separate waste properly, I feel guilty
I would like to separate waste due to the sense of responsibility for 

environmental protection
I believe everyone (students, stuffs, and teachers) at university has a 

duty to perform and should do what they can do to reduce environ-
mental pollution results from waste

Situational factors 0.63 0.73 0.7 5 Lack of waste separation bins on campus has caused waste separation to 
be difficult

[13]

Inadequate waste separation bins on campus has caused waste separa-
tion to be difficult

Inconveniency and unavailability of recycling bins affect my behavior
I do not have time to separate waste at university
All the people at university should collaborate to improve waste separa-

tion
Motivation 0.73 0.71 0.59 The university should provide exciting incentives for waste separation

The university should spend the profit from waste separation for the 
reconstruction of green space

Giving awards and acknowledgments by authorities has caused me to 
separate waste
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The structural model

Goodness of fit statistic and modeling comparisons

Because of good fit of measurement model, a structure 
model was used to determine goodness of fit statistics of the 
proposed theoretical structure. Seven models were indepen-
dently tested to determine the contribution of each variable, 
which was introduced into TPB model. Besides, the simple 
models such as TRA and original TPB were analyzed and 
compared to others to assess their ability to explain recy-
cling intention and behavior and fit statistics. As shown in 
Table 4, for all models, the results of SEM analysis yielded 
an acceptable model fit with data. In terms of model fit crite-
ria, the TRA and original TPB model fit better than the full-
extended TPB model due to lower AIC and BIC values. This 
result is in consistent with Shrestha and Burns [37], who 
reported that the extended TPB model has better explanatory 
power for hunting behavior when compared with the original 
TPB model. However, the goodness of fit indices of TRA 

were superior. In addition, the findings indicated that the 
full-extended model had superior explanatory power com-
pared to others. The full-extended model indicates 81% of 
the variance in intention and 57% in source separation waste 
behavior, where it can be illustrated by independent vari-
ables. The results indicate a 28.6 and 1.3% increment in the 
explained variance of intention and behavior, respectively, 
compared to TPB model. For decades, researchers have 
attempted to expand TPB model by adding new constructs 
or modifying the paths to better recognize a wide range of 
human behavior in different aspect [37–43]. Consistent with 
these surveys, the results of current study indicated that the 
proposed extended TPB model has better explanatory ability 
for recycling intention (R2 is 0.411) than the TPB model, (R2 
is 0.274). Therefore, the findings shows that the proposed 
extended model enhances the explaining of intention and it 
is consistent with previous studies [12, 39, 44–46].

It is good to mention that a smaller value of comparison 
criteria such as AIC and BCC indicates a better parsimony 
and a better fit of the model. However, this rule is applicable 

Table 3   (continued)

Constructs Reliability 
coefficient

CR AVE Item Number of item Source

Intention 0.8 0.76 0.66 I plan to separate waste on a regular basis at the university, if there is a 
recycling bin

[13]

I plan to participate in waste separation at the university, if the authority 
provides convenient and available recycling containers

I would like to separate waste, if I am acquainted with the benefits and 
importance of waste separation

I plan to separate waste at university, if authorities provide the appropri-
ate services for recycled materials collection

Behavior 0.71 0.7 0.58 I regularly recycled paper or other parts of the waste and put it in the 
recycling bin at university

[13]

I am always trying to generate much less waste at the university
I regularly recycle the recycling materials of waste and use them for 

other beneficial purposes
I have never recycle any parts of waste
I sometime recycle waste at university

Table 4   Fit statistics for TRA, original and constructs integrated TPB models

***Significant at α level of 0.001

Models Variance explained Model fit indexes

R2 intention R2 behavior χ2/df χ2 CFI IFI AGFI GFI TLI RMSEA AIC BCC ECVI

TRA​ 0.202 0.520 2.091 169*** 0.953 0.953 0.924 0.949 0.939 0.051 247 250 0.590
Original TPB 0.524 0.557 1.906 293*** 0.938 0.939 0.910 0.934 0.924 047 405 411 0.968
MO integrated 0.701 0.562 1.837 382*** 0.943 0.944 0.899 0.924 0.931 0.045 518 526 1.237
EA integrated 0.613 0.457 1.697 327*** 0.951 0.951 0.913 0.933 0.941 0.041 447 454 1.068
SF integrated 0.590 0.464 1.899 332*** 0.938 0.939 0.907 0.930 0.925 0.046 444 450 1.060
M integrated 0.692 0.467 2.262 352*** 0.916 0.917 0.899 0.925 0.898 0.055 460 466 1.100
Total constructs 0.861 0.569 1.68 724*** 0.931 0.932 0.910 0.935 0.921 0.04 982 1004 2.34
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when the key objective is to predict behavioral intention. On 
the other hand, if the key objective is to explain behavio-
ral intention, the R-squared value (proportions of variance) 
would be preferable [47]. In the present study, according to 
comparative fit indexes, the TRA model fitted better than 
full-extended TPB. However, regarding the proportions of 
variance explained, the extended TPB more fully explains 
students’ intention to source separation of waste than TRA 
and original TPB models. Such contradiction could be 
extensively found in literature [47–49].

According to a rough rule of thumb for interpreting prac-
tical importance in behavioral sciences is that R2 values of 
0.75, 0.50, or 0.25 for endogenous latent variables can be 
described as substantial, moderate, or weak, respectively 
[50]. The substantial result of R2 for extended TPB model 

makes it clear that this model is explaining a larger part of 
the variance in behavioral intention. While TRA and original 
TPB were able to explain the recycling intention of students 
weakly and moderately.

Hypothesis testing

Path analysis is conducted to determine dependencies 
between a set of variables and to evaluate the survey’s 
hypotheses (Figs. 1, 2; Table 5). A closer examination dis-
plays that all TPB variables including perceived behavior 
control, subjective norm, and attitude that explain the waste 
separation behavior, support the hypothesis entirely 4. There 
are comparable results with previous researches because of 
diverse culture and waste management infrastructure [13, 15, 

Fig. 1   The results of path 
analysis with standardized coef-
ficients for TPB model

Fig. 2   The results of path 
analysis with standardized coef-
ficients for extended TPB model
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16, 18, 51, 52]. The extra constructs comprising situational 
factor (β = 0.207, p < 0. 001), motivation (β = 0.362, p < 
0.001) and moral obligation (β = 0.315, p  < 0.01) also are 
related to the intention. Therefore, the hypothesis 3 and 5 are 
supported. This finding confirms Largo-Wight et al. [52] and 
Pakpour et al. [16] results. It is necessary to mentioned that 
among all variables, the motivation was the most descriptor 
of intention, thereby hypothesis 6 is rejected. Additionally, 
the environmental awareness (β = 0.452, p  < 0.001) and the 
moral obligation (β = 0.366, p < 0.001) have a significant 
positive effect on the attitude towards waste sorting, which 
supports the hypothesis 1, respectively, same as Ramayah 
et al. [18]. Also, the moral obligation (β = 0.471, p < 0.001) 
and the environmental awareness (β = 0.451, p  < 0.01) are 
positively linked to the subjective norm. Furthermore, the 
perceived behavior control (β = 0.559, p < 0.001) and the 
moral obligation (β = 0.608, p < 0.001) were correlated with 

recycling behavior. Thus, the hypothesis 7 and 8 are also 
supported, respectively, same as [15, 53, 54]. Finally, the 
situational factor related to the recycling intention, supports 
hypothesis 9, which is consistent with Latif et al. [55].

Cluster analysis

Cluster analysis was utilized as an exploratory statistical 
method to specify whether the constructs of the extended 
TPB could characterize and distinguish heterogeneous sub-
groups. Table 6 shows the characteristics of three-cluster 
solution. These clusters were labeled based on the calcu-
lated mean of behavior variable. This is because the state-
ments of behavior construct directly indicated the times of 
doing waste source separation by respondents. So, the first 
cluster was considered as moderate recyclers, as it had a 
mean of 19. Cluster 2 presented the lowest mean (16) and 

Table 5   SEM results of extended TPB model

Path Coefficients (β) Direct effect Indirect effect Total effect t value R

Moral obligation → attitude 0.366 0.366 – 0.366 4.020*** 0.575
Environmental awareness → attitude 0.452 0.452 – 0.452 4.634***
Moral obligation → subjective norm 0.471 0.471 0.135 0.606 3.620*** 0.260
Attitude → subjective norm 0.369 0.369 – 0.369 2.959**
Environmental awareness → subjective norm − 0.451 0.451 0.167 − 0.284 − 3.057**
Subjective norm → perceived behavior control 0.280 0.280 – 0.280 3.306*** 0.393
Attitude → perceived behavior control 0.271 0.271 0.103 0.374 2.606**
Moral obligation → perceived behavior control 0.224 0.224 0.269 0.493 2.132*
Motivation → intention 0.362 0.362 – 0.362 3.763*** 0.861
Subjective norm → intention − 0.266 − 0.266 0.085 − 0.181 − 3.868***
Perceived behavior control → intention 0.304 0.304 – 0.304 3.525***
Moral obligation → intention 0.315 0.315 0.056 0.372 3.260**
Attitude → intention 0.184 0.184 0.016 0.200 2.272*
Situational factors → intention 0.207 0.207 – 0.207 3.688***
Intention → behavior − 0.406 0.406 – 0.406 2.949** 0.57
Perceived behavior control → behavior 0.559 0.559 0.123 0.435 3.930***
Moral obligation → behavior 0.608 0.608 0.125 0.733 3.927***

Table 6   Analysis of variance of 
extended TPB constructs for the 
three clusters

Construct Mean value of cluster df F Sig η2

1 (n = 117) 2 (n = 165) 3 (n = 138)

Attitude 19.00 7.00 20.00 2 108.350 0.00 0.35
Subjective norm 9.00 13.00 20.00 2 51.045 0.00 0.19
Perceived behavioral control 16.00 8.00 20.00 2 43.215 0.00 0.11
Environmental awareness 25.00 17.00 24.00 2 90.378 0.00 0.33
Moral obligation 19.00 18.00 22.00 2 136.111 0.00 0.43
Situational factors 6.00 21.00 30.00 2 185.210 0.00 0.006
Motivation 10.00 5.00 8.00 2 21.573 0.00 0.1
Intention 14.00 10.00 18.00 2 77.082 0.00 0.26
Behavior 19.00 16.00 25.00 2 27.701 0.00 0.1
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was identified as low recyclers. Cluster 3 displays the maxi-
mum mean (25) and was identified as high recyclers. The 
number of participant in each cluster was as follow; low 
recyclers (n = 117, 27%), moderate recyclers (n = 165, 39%), 
and moderate recyclers (n = 138, 32%). As can be seen from 
Table 6, there were significant differences between the three 
clusters on the TPB constructs. Attitude (0.35), subjective 
norm (0.19), moral obligation (0.43), environmental aware-
ness (0.33), and intention (0.26) represented a large effect 
size. Medium effect size was found for perceived behavior 
control (0.11), motivation (0.1), and behavior (0.1). Small 
effect was obtained for situational factor (0.006). ANOVA 
test confirmed that three clusters were notably different on 
all components of extended TPB model.

Differences among the three clusters from view of demo-
graphic characteristics were evaluated.

Their results were summarized in Table 7. From this 
table it can be seen that gender and faculty were statisti-
cally (p < 0.01) significant among the groups. No signifi-
cant difference was found for other variables (education 
level and age). It is found that there is a significant division 
in the proportion of males and females within the cluster. 

Higher proportion of female was in the high recycler cluster, 
whereas more males were found in the low recycler cluster. 
According to the surveys of Owsus et al. [56], gender is an 
important factor in explaining recycling behavior. Although 
some of the studies were not consistent with this research. 
For example, Yau [57] found that gender of Hong Kong 
citizens do not have any role in waste source separation 
behavior.

A discriminant function analysis was performed to 
determine whether the constructs of extended TPB could 
perfectly explain recycling student group membership. It 
revealed two discriminant functions. Function 1 explained 
60.7% of the variance, canonical correlation = 0.775 and 
function 2 explained 39.3% of the variance, canonical cor-
relation = 0.702. The combination of these discriminant 
functions significantly differentiated the groups, Wilks 
Lambda = 0.202, χ2 = 660, p < 0.001. Eliminating the func-
tion 1 indicated that the second one also significantly dif-
ferentiated the groups, Wilks Lambda = 0.507, χ2 = 280, 
p < 0.001. The structure matrix coefficients of the depend-
ent variables and discriminant functions indicated that there 
is the largest absolute correlation between each variable 

Table 7   Comparison of 
demographic characteristics 
of respondents between three 
clusters

Demographics Cluster 1, n Cluster 2, n Cluster 3, n X2 (df) p value

Gender
 Male 42 74 38 9.740 (2) 0.008
 Female 75 91 100

Education level
 Associate 5 8 3 8.055 (6) 0.234
 Bachelor 90 125 94
 Master 13 21 22
 Doctorate 9 11 19

Faculty
 Agriculture 7 9 19 46.545 (22) 0.002
 Architecture 14 13 8
 Mathematical sciences 11 9 15
 Sport sciences 6 15 14
 Letters and humanities 10 17 8
 Education sciences and psychology 8 21 6
 Economics and administrative sciences 8 15 12
 Engineering 12 18 5
 Veterinary medicine 10 9 16
 Theology and Islamic studies 9 19 7
 Science 15 10 10
 Natural resources and environment 7 10 18

Age
 > 19 16 18 19 4.621 0.797
 20–24 80 119 99
 25–29 13 22 16
 30–34 4 4 3
 34+ 4 2 1



	 Journal of Material Cycles and Waste Management

1 3

and function 1 as follows: moral obligation (0.659), atti-
tude (0.584), environment awareness (0.525), followed by 
intention (0.494), subjective norm (389), perceived behavior 
control (0.344), to motivation (0.298) and behavior (0.296). 
Situational factor loaded strongly on function 2 (r = 0.954). 
The discriminant function plot displays that three clusters 
were sufficiently separated in discriminant function space 
(Fig. 3). Overall, 96.9% of original grouped cases are cor-
rectly classified.

Discussion

The purpose of the survey was to evaluate the ability TPB 
model has to describe FUM students’ intention to separate 
waste at source and to examine influence of adding new con-
structs on explanatory power of TPB. The results of path 
analysis indicate that attitude, subjective norm, and per-
ceived behavior control clarified 52.4% of the variance of 
recycling behavior, consistent with [18, 58–60]. Besides, 
surplus constructs including moral obligation, environmen-
tal awareness, situational factor, and motivation remarkably 
enhanced the explanatory power (based on the model fit and 
R) of the original model, same as results of [23]. Overall, 
the extended TPB is an impressive tool to explain intention 

and behavior for source separation of waste, describing 81 
and 57% of variations, respectively.

Based on the results from SEM, motivation plays a fun-
damental role in FUM students’ recycling intention where it 
was the most descriptor of intention, followed by moral obli-
gation. The results recommended that the authorities should 
develop different types of reward strategies to increase the 
students’ intention for source separation of waste. Moreover, 
moral obligation was found to be the strongest descriptor of 
recycling behavior, consistent with [10, 61]. Furthermore, 
the findings display that the participants’ environmental 
awareness and moral obligation are correlated to attitude 
towards source separating of waste, same as [18]. It is 
needed to mention that elements such as public campaigns 
and educations increase people’s knowledge about recycling 
and encourage intention for source separation of waste [20, 
62, 63].

In summary, this study presents a theoretical framework 
based on TPB examining recycling intention and behavior 
among an academic community. Its results confirmed many 
previous findings [8, 13, 16, 18] and exhibited that three 
constructs of TPB (attitude, subjective norm, and perceived 
behavior control) could explain recycling intention. Further-
more, new descriptive variables, for instance, moral obliga-
tion, environmental awareness, situational factor, and motiva-
tion, were identified to improve the expletory ability of TPB. 

Fig. 3   Scatter plot of three 
clusters in discriminant function 
space
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These constructs have direct and indirect influences on recy-
cling behavior. It is that if the respondents have a high level of 
environmental awareness and moral obligation, they will have 
attitudes that are more desirable and have intentions towards 
separating waste at source.

Implication and limitation

Currently, many efforts have been made in policy making and 
implementation to achieve sustainable waste management 
through 3R. Individual’s participation is the main element 
in successful source separation of waste. The survey’s find-
ings have critical implications for decision-making to develop 
appropriate strategies and implement recycling programs. Data 
analysis revealed that people who have positive recycling atti-
tudes, have more environmental awareness and the sense of 
responsibility. Thus, the officials should enhance public knowl-
edge and morality in various ways, for example, campaigns, 
media, and education. Furthermore, the factor of motivation 
was recognized as the best descriptor of recycling intention. 
In this regard, giving reward (such as economic incentives, 
and lottery ticket) could encourage individuals to participate 
in source separation of waste [56, 64, 65]. Therefore, the gov-
ernment should consider reward strategies and schemes for 
promoting waste separation. The results also recommend that 
situational factor has a positive effect on recycling intention. 
Accordingly, availability and sufficiency of recycling bins are 
main factors in engaging public in source separation of waste, 
and consequently, lack of necessary infrastructures is a major 
obstacle to recycling [55, 66, 67]. Therefore, the government, 
and here FUM, must provide and improve facilities for recy-
cling. Finally, demographic characteristic such as gender and 
academic discipline of youth are the relevant parameters that 
authorities should consider in the promotion of waste separa-
tion plans.

There are some limitations, which should be acknowledged 
when the findings are interpreted. First, the theoretical models 
were tested in the university context in Iran, with the aim to 
assess the intention to separate waste at source and its influenc-
ing factors in the society. Therefore, it seems that one cannot 
extend the results to other communities. Second, based on the 
results, the extended TPB provided to be a useful framework 
for examining intentions toward source separation of waste. In 
contrast, it has lower predictive power than TRA and original 
TPB. Finally, a wider variety of variables (e.g., personal char-
acteristics, financial incentive) can be included in the extended 
TPB model. These efforts would help to increase the power 
of prediction and understanding the intention towards source 
separation of waste.

Conclusion

Engagement in source separation of waste is the most 
important factor in recycling programs. This survey aimed 
to explore roles of influencing variables such as relation-
ship among attitude, subjective norm, perceived behavior 
control, moral obligation, situational factor, motivation, 
environmental awareness, and intention in explaining the 
recycling behavior of FUM students. Based on the results 
of comparative fit indexes, the TRA and original TPB mod-
els fitted better than extended TPB. However, regarding the 
proportions of variance explained, the extended TPB more 
fully explained students’ intention towards source separation 
of waste than original TPB model. The motivation was also 
the strongest descriptor of waste source separation intention, 
followed by moral obligation. It suggests that the authori-
ties should encourage people, using economic incentives, to 
separate waste at source. Finally, the respondents stated that 
feedback after waste separation (such as reconstruction of 
green space by benefits of segregated waste) could motivate 
them to do it.

Acknowledgements  Authors would like to enthusiastically appreci-
ate all FUM students who kindly joined this survey and filled out the 
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