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Abstract: This study aimed to investigate the relationships between knowledge, attitudes, and values
in promoting zero-waste, pro-environmental behaviour among the university campus community
and how technology plays its role. A survey instrument was developed from the findings of earlier
focus group discussions and in-depth interviews, which were based on the adaptation and adoption
of previous studies, especially Kollmuss and Agyeman’s 2002 Model of Pro-Environmental Behaviour
and a modified Knowledge-Attitude-Practises Model. Three hundred ninety-three respondent
samples from Universiti Kebangsaan Malaysia, Universiti Putra Malaysia, and Universiti Sains
Malaysia were analysed for their insights regarding their vision of a Zero-Waste Campus using
the Structural Equation Modelling approach. The results show positive relationships between the
five studied variables and the proposed hypotheses. Knowledge and attitudes serve as moderating
variables, enhancing the strength of the causal effects of the related relationships. As the results
show good significance, proper planning for integrating the studied variables and the proposed
zero-waste campus framework can be used by university management, other institutions, or national-
level agencies to develop an environment-specific plan to promote zero-waste, pro-environmental
behaviour.
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1. Introduction

Solid waste management (SWM) remains a major societal and governance challenge,
particularly in urban areas overwhelmed by rapid population growth and waste genera-
tion [1]. Urban lifestyle changes have resulted in a severe Municipal Solid Waste (MSW)
problem. The rate of waste generation caused by urbanisation is surging along with the
rate of urbanisation itself [2]. Human activities continuously generate waste from industry,
construction, commerce, the services and domestic sectors, and individual households [3].
Annual waste generation is expected to increase by 73% from 2020 levels to 3.88 billion
tonnes in 2050 due to rapid population growth and urbanisation. Residents in developing
countries, particularly the urban poor, are more severely impacted by unsustainable waste
management than those in developed countries [4]. As the global alarm is raised, there
is a growing interest in addressing global waste problems through the implementation
of innovative ideas and philosophies such as zero-waste and the circular economy [5].
Zero-waste as a new sustainability concept challenges the widely held belief that waste
is a worthless and unavoidable byproduct produced at the end of a product’s life cycle.
Instead, the zero-waste concept recognises waste as a “misallocated resource” or “resource
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in transition “generated throughout the intermediate phases [6]. The zero-waste campus
initiatives have been introduced in several public universities in Malaysia. These initiatives
are the continuation of sustainability programmes [7]. Through education and research,
Universiti Kebangsaan Malaysia (UKM), Universiti Putra Malaysia (UPM), Universiti
Malaya (UM), and especially Universiti Sains Malaysia (USM) strive to promote sustain-
ability in their communities [8]. Learning is highly valued and actively encouraged across
diverse organisational cultures in educational institutions. Thus, universities provide an
excellent platform for educating future generations of citizens and leaders [9]. Furthermore,
university campuses can be seen as small cities because of their extensive coverage, large
population numbers, and myriad complicated activities that may or may not impact the
environment [10]. On the low end, Malaysian universities are said to contribute signifi-
cantly to the country’s solid waste generation [11]. Therefore, resolving MSW issues on
campus might be relevant and adopted by the government at the national level to develop
appropriate measures to increase public awareness and participation in promoting pro-
environmental behaviour (PEB) towards a zero-waste goal. Furthermore, sustainable SWM
can contribute to the achievement of several United Nations Sustainable Development
Goals (SDGs), including good health and wellbeing (SDG3), clean water and sanitation
(SDG6), sustainable cities and inclusive communities (SDG11), responsible consumption
and production (SDG12), climate change (SDG13), life below water (SDG14), and life on
land (SDG15) [12].

The MSW problem is among the many environmental concerns influenced by human
behaviour [13] that must be addressed appropriately. Behavioural scientists have generally
focused on theoretical frameworks and related approaches to investigate the determinants
of environmental behaviour, which is considered an integrated and inter-disciplinary com-
ponent of environmental psychology [14]. Thus, there are apparent benefits to applying
psychological theories to nurture pro-environmental behaviour [15]. Behavioural interven-
tions are effective when they are systematically planned, implemented, and evaluated [16].
Therefore, education—the process of receiving or imparting structured instruction—is a
critical discipline for disseminating ideas about sustainable development [17,18]. Thus,
Malaysian universities as higher education institutions are believed to be the right setting
for promoting pro-environmental behaviour, especially to overcome the MSW problems.

Ten relevant factors influencing a community’s sustainable pro-environmental be-
haviour towards a zero-waste campus have been identified and incorporated into the
Zero-Waste Campus Framework, which was proposed in a previous paper for this re-
search [19]. The proposed framework will be tested and verified further in this paper using
the survey results. The relationships between knowledge, attitudes, values, and technology
with zero-waste PEB practises are validated.

This paper is divided into four major sections: introduction, results and discussion,
materials and methods, and conclusion. The results and discussion sections discuss zero-
waste campus framework verification using confirmatory factor analysis and hypothesis
testing. The flow of the study, survey instrument development and validation processes,
and research hypotheses are explained in the material and methods section. Kollmuss and
Agyeman’s Model of Pro-Environmental Behaviour and the modified Knowledge-Attitude-
Practises (KAP) Model used as the primary tool for the survey are explained in the same
section. Limitations and future recommendations are proposed in the conclusion.

2. Results and Discussion

The development and general description of the framework have been briefly de-
scribed in the previously published paper [19]. The proposed Zero-Waste Campus Frame-
work builds on several theoretical models, including Kollmuss and Agyeman model of
Pro-Environmental Behavior, Theories of Planned Behavior, Value-Belief Norm Model, and
Knowledge-Attitude-Practice model. The study’s qualitative and quantitative findings
are then incorporated into the development of a new theory based on these models and
theories.
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2.1. Modified Knowledge, Attitudes, and Practises (KAP) Model

The KAP Model refers to the interaction of knowledge, attitudes, and practise [20].
This model was created as a tool to study what participants in a particular topic know, think,
and do. This model is economical and one of the earliest models to facilitate questionnaire
development that focuses on specific audiences, identifying barriers and constraints com-
monly used to study human behaviour [21]. As one of the first models, the guidance for the
development of instruments based on this model has been established in various disciplines,
including study guidelines [22-24] and survey research recommendations [25,26].

KAP surveys are often custom-designed for each situation and project, and the con-
tent represents specific knowledge, attitudes, and practises for each project. Knowledge,
attitude, and practise are the three essential domains or constructs of identification in
KAP surveys. In this study, knowledge refers to the acquisition, retention, and applica-
tion of information combined with experience and skills that result from education and
experience about zero-waste, particularly waste minimisation, and recycling. Attitude is
a degree of favour, disfavour, or feelings in determining the general factors contributing
to the campus’s MSW problem. Practises relate to the participant’s actions to improve the
MSW problem and establish a campus free of waste. It is a facet of the model that helps
comprehend how knowledge links to attitudes and practises towards pro-environmental
behaviour.

In this study, the KAP Model was slightly modified to recognise the importance of
value, as described in [27]. According to previous studies, values are essential in deter-
mining pro-environmental behaviour [28,29]. Redcliff [30] notes that values are frequently
negotiated, impermanent, and conflicting. Value is a human affective dimension [31] that
involves the internalisation of emotion and feeling. The acceptance of a phenomenon
or behaviour about worth, excellence, practicality, or significance is referred to as value.
In this study, value refers to one’s preference for zero-waste behaviours. This construct
entails identifying specific emotions that influence behaviour. The preceding discussion
demonstrated the importance of social and human behaviour in ensuring environmental
sustainability [32].

In addition, technological advancement also plays a vital role in sustainable environ-
mental development [33]. According to [34], science and technology are essential compo-
nents of environmental protection and conservation. Fogg [35] stated that the advancement
of information technology has changed how people work, network, and communicate. His
book discusses how websites, software applications, and mobile devices might be utilised
to affect people’s attitudes and behaviours. He defined this as persuasive technology
designed to influence users’ attitudes or behaviours by persuasion and social influence
rather than through pressure. The Fogg functional triad is a conceptual framework that
summarises technology’s three roles as a tool, media, and social actor. These three functions
define how humans interact with or react to almost any computing product. According to
Zheng, Chen, and Kong [36], technology increases motivation and self-efficacy among adult
learners. While Yiikseltiirk, Altiok, and Baser [37] acknowledged that technology-assisted
learning has a significant positive influence on improving students” metacognitive levels.
According to the World Bank [38], Malaysia has 139.6% mobile penetration, with more
than 40 million mobile cellular subscriptions. This statistic shows that Malaysians have an
advantage. This statistic supports Sung, Chang, and Liu’s [39] finding that learners per-
formed significantly better while using mobile devices. As a result, it is vital to explore the
roles of technology, particularly information technology, in fostering zero-waste behaviour
among the university campus community. According to Malik et al. [40], education needs
to promote technology-related sustainability awareness among students. It is believed that
combining good human behaviour with adequate technological utilisation will result in a
better solution to the solid waste problem.
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2.2. Kollmuss and Agyeman Model of Pro-Environmental Behaviour

Kollmuss and Agyeman [27] proposed a comprehensive PEB model in one of the most
cited works among pro-environmental studies. This model integrates knowledge, values,
and attitudes with emotional involvement to form the “pro-environmental consciousness
complex. This complex is embedded in broader personal values and shaped by personality
traits and other internal and external factors. Social and cultural factors are classified as
external factors, even though they could be considered a separate category that overlaps
with internal and external factors. The various factors inherent in it and the synergies
between them would play greater or lesser roles during the development process or at
different stages in people’s lives. According to them, the greater the length of education,
the more extensive the knowledge of environmental issues. However, increased education
does not always imply increased pro-environmental behaviour. The model is characterised
by arrows representing the numerous components interacting with one another. The wider
arrow shows that the most substantial positive influence on PEB is produced when internal
and external factors act synergistically. The black boxes highlight potential barriers to
positive influence on PEB. Only a few of the most significant barriers are listed in the model.
The largest one in the diagram represents old behavioural patterns. This is due in part
to the fact that the barrier must block all three arrows. It is also because they want to
draw attention to this aspect, believing that old habits form a formidable barrier frequently
overlooked in the literature on pro-environmental behaviour. This model highlights the
importance of knowledge, values, and attitudes in fostering pro-environmental behaviours.
Figure 1 shows Kollmuss and Agyeman’s PEB model [27].
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Figure 1. Kollmuss and Agyeman’s Model of Pro-Environmental Behaviour.

Figure 2 depicts the proposed Zero-Waste Campus Framework. The green boxes
represent the ten relevant factors identified during the qualitative phase in shaping a
community’s sustainable pro-environmental behavior towards a zero-waste campus. The
barriers in the Kollmuss and Agyeman Model of Pro-Environmental Behavior is replaced
with specific positive influencing factors such as personal experiences on waste manage-
ment, environmental education, social technology, social responsibility, environmental
self-awareness, reinforcement contingencies, environmental policy, exemplary leadership,
community engagement, and environmental goals. It expands the framework of the Koll-
muss and Agyeman model to include additional factors that have been identified in this
research as being important drivers of pro-environmental behavior. These factors highlight
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the importance of a multifaceted approach to promoting sustainable behavior. By focusing
on these positive influencing factors instead of barriers, the proposed framework could take
a more strengths-based approach to promoting sustainable zero-waste pro-environmental
behavior. This approach would emphasize opportunities for action and positive change,
rather than limitations and obstacles. In the previous paper, the development and flow
of the framework were described in depth [19]. The framework is labelled as a proposed
preliminary framework. This paper tests and verifies the relationship between factors and
the five studied variables.

Zero Waste PEB
Internal factor External Factor Practises

Environmental Conciousness University Campus
Environment

Attitudes

’ Knowledge ’—
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Reinforcement
Contigencies
Personal experience
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T T Policy A
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Figure 2. Zero-Waste Campus Framework.

2.3. Zero-Waste Framework Development Utilising Confirmatory Factor Analysis

In the Zero-Waste Campus framework, relationships between studied variables are
verified using Confirmatory Factor Analysis (CFA). The goodness of fit of the proposed
framework was tested using CFA. CFA is the measuring component of SEM, which demon-
strates the correlations between latent variables and their indicators. SEM is an effective
method to analyse the correlation and causal relationship among latent constructs and
observed variables, estimate the variance and covariance, test hypotheses, model conven-
tional regression, and run the CFA [41]. CFA is a theory-driven alternative to traditional
Exploratory Factor Analysis (EFA). The CFA allows items to be assigned to their respective
factors and uses ‘fit statistics’ to evaluate whether the collected data are consistent with
the hypothesised factor model. In this study, the variables knowledge, attitude, value,
technology, and practise are considered latent constructs, which humans understand as
concepts but cannot directly measure. Knowledge is commonly described as a true and
justified belief. This definition has resulted in methods of measurement that rely solely on
the correctness of answers. A correct or incorrect answer simply indicates that a person
knows or does not know something [42]. However, it always comes down to measuring a
score and converting that score into an estimate of knowledge, which may not be accurate
if the answers to choose from, such as in multiple-choice questions, are provided. The
university campus community’s knowledge, attitude, value, and practise, including the
role of technology in SWM, cannot be measured directly, but their significance can be
inferred by measuring observable variables. To determine the value of a latent variable, the
observed variables are quantified, and a relationship between them and the latent variables
is established. In CFA, model fit refers to how closely observed data match the relationships
specified in a hypothesised model. The Kaiser-Meyer—Olkin (KMO) value for this study
is 0.951, therefore the data is suitable for factor analysis. In SEM, several goodness-of-fit
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indexes reflect the model’s fit to the data. Currently, researchers cannot agree on which
fitness indices should be reported. Cunningham et al. [43] and Hair [44] suggest using at
least three fit indices, one from each model fit category. The three fitness classifications are
absolute, incremental, and parsimonious, as shown in Table 1. The structural model of the
study that met the three categories of model fit was adequate to represent the entire set of
causal relationships.

Table 1. Model Fit Categories and Indexes.

Level of
Name of Category Name of Index Acceptance Comments
Chisq p>0.05 Sensitive to sample size > 200.

Absolute fit RMSEA RMSEA <0.08  Range of 0.05 to 0.1 is acceptable.

GFI GFI > 0.90 GFI =0.95 is a good fit.

. AGFI AGFI > 0.90 AGFI = 0.95 is a good fit.
Incremental fit

CFHI CFI > 0.90 CFI = 0.95 is a good fit.

Parsimonious fit Chisq/df Chisq/df <5.0  The value should be less than 5.0.

In this study, the goodness of fit index will refer to RMSEA, GFI, CFI, and Chisq/df
values as they are highly reported in the literature and recommended by Awang [41].
Table 2 shows the model fit value for the proposed framework. The values for the model fit
index of cmin/df, p-value, CFI, GFI, AFI, SRMR, RMSEA, and RMR are significant. Both
the RMSEA value and the Chisq/df have reached the level of acceptance mentioned by
Awang [41] in his book. These accepted values are also cited in Browne and Cudeck [45].
Even though the values for GFI and AGFI do not exceed 0.9 (the threshold value), they still
meet the requirement suggested by Doll et al. [46], where the value is acceptable if above
0.8.

Table 2. Model Fit Value for the Proposed Framework.

Name of Category Name of Index Observed Value
! RMSEA 0.068
Absolute fit GFI 0.762
Incremental fit CHI 0.822
Parsimonious fit Chisq/df 2.809

2.4. Hypothesis Testing

This part will test whether the proposed relationship is significant or not based on the
data gathered, and the hypotheses will be tested using SEM. The standardised estimates
and the regression weight results of the structural model were considered for testing the
research hypotheses of this study for direct effects. A direct effect is the effect of one variable
on another variable without any mediation. Figure 3 depicts the path diagram of the model
of the proposed framework along with the direct effect strengths, Standardised Beta (3),
when the model is executed with SPSS AMOS. Figure 4 depicts another representation of
the relationships between variables by displaying the 3 and Squared Multiple Correlation
(R2) values. Table 3 presents the detailed results of the execution.
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Table 3. Hypothesis Testing (Direct Effects).

. . . Standardized Standard Critical ..

Hypothesis/Relationship Beta Error Ratio PLabel Decision
Technology -> Eres

Hi1 Knowledge 0.863 0.116 8.878 Supported

H2 Technology -> Value 0.456 0.094 7.461 b Supported

H3 Knowledge -> Value 0.560 0.094 7.674 i Supported

H4 Value -> Attitude 0.981 0.068 14.985 b Supported
Attitude -> Zero-Waste ok

H5 PEB Practise 0.550 0.048 8.156 Supported

*** p-value is less than 0.01.

The results shown in Table 3 supported all the hypotheses of the direct effect model.
Technology as the independent variable is a positive and significant predictor for knowledge
(B =0.863, p <0.01) and value (3 = 0.456, p < 0.01). Technology, particularly social technology
such as social media, has the ability to convey messages and appeal to people’s emotions,
persuading them to adhere to codified principles. According to research, 52% of the world’s
turtles have consumed debris such as plastic waste [47]. This information is most likely
being disseminated among academics and researchers. Only a tiny percentage of the
community is aware of the problem. However, when the videos of sea turtles affected
by plastic pollution circulated and were frequently shared on social media, they captured
the attention of many people who later felt affected and wanted to do something to help
improve the situation. In the context of SWM on campus, technology will enable the
community to access environmental information, particularly on zero-waste, at the tip
of their fingers. They will gain an understanding of the subject matter as a result of the
easy and quick access to information. They can also distinguish between valid and invalid
information shared on social media platforms, where social interaction helps balance the
information technology provides. Dynamic discussion among community members will
enable them to form opinions about the correct facts. Heartwarming videos, interactive
information, and other media depicting environmental issues and information will attract
the community members’ eyes and emotions more than words or texts alone can and
will later instill values in the campus community members. Knowledge is a positive and
significant predictor of value (3 = 0.560, p < 0.01). Knowledge gained through education
will bring out latent human values from within, transforming the individual into a good
person with character [48]. A well-informed community will have reliable information,
which will later become knowledge, influencing how they feel about the environment and
building their inner belief in the matter. The result also shows that = value is a positive and
significant predictor of attitude ( = 0.981, p < 0.01). Values and attitudes are two terms that
are frequently used interchangeably but are distinct in their own right. University campus
communities with strong values will influence their actions and behaviours towards the
environment. For example, in the cafeterias around university campuses, single-use plastic
is used for food packaging. Knowledge of the environmental effects of single-use plastic
will raise awareness and instill a sense of value among the campus community. This was
demonstrated by the hugely successful “White Coffin’ (Styrofoam food containers) and ‘Say
No to Plastic’ campaigns at USM in 2008, which spread to other universities and spawned
a follow-up activity known as ‘Tapau-mania’. This programme encourages students to
bring reusable containers to campus to pack food from cafeterias. Since January 2011, it has
also influenced the Penang state government to implement a “No Plastic Bag’ policy [49].
The values instilled in the community influenced their attitudes and encouraged them
to participate and act. This is supported by the study’s findings, which discovered that
attitude is a positive and significant predictor of zero-waste PEB practises (3 = 0.550,
p <0.01), which will encourage sustainable zero-waste practises among the community
members. Knowledge, values, attitudes, practises, and the role of technology in promoting
zero-waste are all significantly associated.
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Next, the effect of moderating effects is analysed. A moderating variable moderates
the strength of causal effects from an independent variable on its dependent variable [41].
With moderating variables, the effects of independent variables and dependent variables
could no longer be significant, or they could be more significant after interaction. Figures 5
and 6 show the position of the moderating variable in the relationship between variables in
the proposed frameworks.

Value

A4

Technology

Knowledge

Figure 5. The schematic diagrams showing the positions of the independent (Technology), dependent
(Value), and moderating (Knowledge) variables.

Value »| Zero-Waste PEB Practise

Attitude

Figure 6. The schematic diagrams showing the positions of the independent (Value), dependent
(Attitude), and moderating (Practise) variables.

In this study, Multi-group Confirmatory Factor Analysis (Multi-Group CFA) is used to
assess the effect of the moderator variable on latent constructs using the steps suggested
by Awang [41] for both knowledge and attitudes. According to him, if the Chi-Square
value between the constrained and unconstrained models differs by more than 3.84, then
the moderator variable has a significant moderating effect on the relationship between the
constructs in the selected path. The data is first divided into two groups, high and low,
for each moderator variable to be assessed. The procedure for testing moderation for the
same variable using two different data sets is to demonstrate whether the different levels of
the tested variables moderate the causal effects. To avoid confusion, the following steps
will refer to the first moderating variable, knowledge. As the knowledge contains multiple
items, they must be merged into one as a new variable, namely, combined-knowledge.
Then, the median is identified to determine the frequency at which to divide the data into
two separate data sets. The median for the new variable is cut off by two percentiles of 50.
The same steps are repeated for moderating variable attitudes. Table 4 showed the output
of the new frequencies and medians for the combined-knowledge and combined-attitude
variables.

Table 4. The median of combined-knowledge and combined-attitude variables.

Variable Combined-Knowledge Combined-Attitude
Median 45.0000 40.0000
50 40.0000 40.0000
Percentiles
100 45.0000 45.0000

Table 5 displays the frequencies of the items in the dataset that represent low and high
levels of the moderating variables, namely, low knowledge, high knowledge, low attitude,
and high attitude.
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Table 5. The frequency of low and high levels.

Variable Frequency Percent
Low Knowledge 208 529
High Knowledge 185 471

Low Attitude 220 56.0
High Attitude 173 44.0

Two separate AMOS models are developed, i.e., constrained and unconstrained mod-
els. In the first model, a constraint is put on the relationship parameter between constructs
of interest to be equal to 1. In the second model, the relationship parameter is allowed to be
freely estimated.

Table 6 shows the measures of a model fit carried out for the constrained and un-
constrained models for low and high moderating variables of knowledge and attitude
data.

Table 6. Measure on Constrained and Unconstrained Models for Moderating Variables.

Data Grou Index Constrained Unconstrained Chi-Square Moderation Hypothesis
P Model Model Difference Result Result
Low Chi-Square 517.519 501.932 15.587 Significant Accepted
Knowledge DF 170 169 1
High Chi-Square 483.506 469.329 14.177 Significant Accepted
Knowledge DF 170 169 1
Chi-Square 428.435 385.818 42.617 Significant Accepted
Low Attitude
DF 135 134 1
. i Chi-Square 245.897 241.769 4.128 Significant Accepted
High Attitude
DF 135 134 1

The moderation effect is significant since the difference in Chi-Square values between
the constrained and unconstrained models for low and high knowledge and attitude data
is more than 3.84 with 1 degree of freedom. The test for the hypotheses for moderation,
found that the moderator variables (i.e., knowledge and attitude) do moderate the causal
effects of value and practise, respectively. The result of hypothesis testing is consistent for
both datasets.

3. Materials and Methods

This study used an exploratory mixed-method design [50]. An initial qualitative phase
included focus group discussions and in-depth interviews to investigate the main and
relevant factors that influence the pro-environmental behaviour of the university campus
community. The findings from the qualitative phases are then triangulated to develop
the survey instrument. The finding is also being used to propose an initial zero-waste
campus framework. This was followed by a quantitative phase, which will be discussed in
this paper, which explored the university campus perspective from a broader perspective
using a larger sample. The survey results are used to finalise the proposed framework
to help promote environmental sustainability through pro-environmental behaviour on a
zero-waste campus. The findings from both phases are then used to develop a prototype
for a Zero-Waste Campus digital module. The flow of the study is illustrated in Figure 7.

The survey data is analysed using IBM-SPSS version 26 and IBM-SPSS-AMOS version
26. Statistical techniques are used to analyse the data, especially descriptive statistics.
Descriptive statistics summarise and organise data set characteristics such as sample size,
centeredness, and dispersion. IBMP-SPSS is also used in developing the Zero-Waste
Campus Framework to determine the frequency and median for the moderating variables
assessment. The inferential statistical method using Structural Equation Modeling (SEM)
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is then used to determine if the collected data represents broader population conclusions.
SEM is a versatile multivariate statistical technique [21]. The reliability and validity of the
collected data are analysed based on SEM and CFA. The CFA was conducted to verify the
proposed framework’s measurement model for the Zero-Waste Campus Framework. Data
was collected using a web platform called SurveyMonkey by Momentive Inc. The survey
questionnaire was distributed using various web-based communication channels, including
emails, social media, and mobile messaging services. The online questionnaires were open
from 1st October 2021 to 7th November 2021. This study investigated the relationship
between the campus community’s knowledge, attitudes, and values in describing zero-
waste PEB practises. The role of technology is also tested to determine where it belongs
in the relationship. The survey questions, as presented in Table Al (see Appendix A),
were developed based on the researcher’s earlier focus group discussions and in-depth
interviews, as well as the adoption and adaptation of previous studies with reference to
Kollmuss and Agyeman’s 2002 Model of Pro-Environmental Behaviour and a modified
Knowledge-Attitude-Practises Model. The following section will go over the questionnaire
development and validation process in greater detail to demonstrate that expert panels have
validated the instruments and that they are fit for purpose. Then followed the descriptive
analysis of the survey data and the proposed hypotheses.

| December 2019 — March 2021 | ‘ April 2021 — May 2021 |
2.
Phase 1: Qualitative QLI:;?tsitea;i-ve
Data Triangulation

Focus Grot and Proposed Finalized Zero-

. oup | In-Depth Interview (—»{ Initial Zero-Waste Survey f——>» Waste Campus
Discussion

Campus Framework
Framework
June 2022 — March 2023
Phase 3: Module Development
. User _ Construction |_ . e
Deployment f¢—— Refining [¢— Evaluation of Prototype Quick Design

Figure 7. Flow of the study.

3.1. Zero-Waste Campus Questionnaire Development

The questionnaire items were validated based on the content validation procedure
proposed by Yusoff [51]. According to him, content validity is the degree to which a mea-
surement instrument accurately represents the measured construct. It is regarded as critical
evidence when determining the validity of a measurement tool, such as a questionnaire,
for research purposes. The Zero-Waste Campus questionnaire went through all six pro-
posed content validation steps. Steps three and four were completed concurrently and
sequentially. While steps five and six are discussed together.

3.1.1. Preparing the Content Validation Form

The validation form is prepared to ensure that the expert review panels have clear
expectations and comprehension of the assignment. The rating scale of 1 (the item is not rel-
evant to the measured domain), 2 (the item is somewhat relevant to the measured domain),
3 (the item is quite relevant to the measured domain), and 4 (the item is highly relevant
to the measured domain) has been used for scoring individual items. The definitions of
knowledge, attitudes, practises, values, and technology domains related to the study are
provided to aid the expert panels’ scoring process.

3.1.2. Selecting a Review Panel of Experts

The expert review panel is made up of both internal and external specialists. The
internal expert group consists of three senior lecturers working on the same project. In
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terms of the external group of experts, three individuals were chosen based on their unique
expertise to review and critique the evaluation instrument. Table 7 displays the descriptive
criteria of the selected external group of expert panels.

Table 7. External group expert panels.

Expert Years of

Panel Area of Expertise Experience Resignation

Environmental Geography
Environmental Issues and Assessment Senior
1 . 13
Environmental Management Lecturer
Urban Studies
Curriculum Studies
Environmental Education
2 Geographical Instructional 20 Associate Professor
Methodology
Pedagogy
Social Sciences
Geography » Senior
Tertiary Education Lecturer

Economics

3.1.3. Conducting Content Validation and Reviewing Domain/Items

The content validation for zero-waste campus questionnaires was performed through
a combination of face-to-face and non-face-to-face methods with internal and external
experts. Many consistent online meetings have been carried out between the researcher
and the internal group of experts to review the questionnaire’s domain and items. Once the
internal panels review the instruments, an online meeting is held with an external expert
one using the Webex platform to review the instruments in depth. The internal expert
panels and the researcher then studied and reviewed the external expert one’s written and
verbal comments. Improvements were made to the related domain and item. The modified
instrument, validation form, and detailed instructions were then emailed to another two
external experts. External experts two and three provided written feedback to increase the
relevance of the targeted domain before providing a score on each item. All comments are
considered to improve the domain and its items. Both methods were conducted online from
1st June to 17th September 2021. All the external experts received tokens of appreciation
for their essential feedback and time spent reviewing the instruments.

3.1.4. Providing a Score on Each Item and Calculating the Content Validation Index (CVI)

After reviewing the domain and items, the experts independently score each item
and resend the form to the researcher via email once they have scored them. Item Content
Validity Index (I-CVI), Scale Validation Index (S-CVI), and Universal Agreement (UA)
values are calculated based on the scores given by experts two and three. The average of
I-CI scores across all items based on the I-CVI value is equal to 0.92. While the average
proportional relevance score across all experts based on proportional relevance is equal
to 0.92. The average UA score across all items is equal to 0.83. Based on the preceding
calculation, it is concluded that I-CVI, S-CV1/ Ave, and S-CVI/UA satisfy satisfactory levels
based on acceptable CVI values proposed by Davis [52] for two experts. Thus, the scale of
the questionnaire has achieved a satisfactory level of content validity.

3.2. Descriptive Analysis

The study was conducted among the target respondents, who are members of the
university campus community affiliated with UKM, UPM, or USM and older than 18.
Respondent sampling based on convenience and purposeful sampling were used to gather
393 valid respondents based on the population of the three universities in 2020. The
number of responses exceeded the target of 383 to represent the size of the population
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with a 5% margin of error and a 95% confidence level. The respondents were divided
into two main groups: the staff and the students. The staff groupings included lecturers,
administrative personnel, and service/technical personnel. While undergraduate and
postgraduate students contribute to the student group. The respondents” demographic
profiles are shown in Table 8.

Table 8. Profiles of respondents.

De‘l;; ;gal‘ l?ﬁe hic Category Frequency Percentage
Male 130 33.1
Gender Female 263 66.9
Malay 245 62.3
.. Chinese 93 23.7
Ethnicity Indian 34 8.7
Other 21 5.3
18—24 215 54.7
25—-34 94 239
Age 35—44 62 15.8
45—-44 17 43
55—64 5 1.3
UKM 110 28.0
University UPM 115 29.3
UsM 168 42.7
Lecturer 42 10.7
Administration Staff 34 8.7
Designation Service/Technical Staff 18 4.6
Undergraduate 186 47.3
Postgraduate 113 28.8

The collected data are then assessed to check for outliers and measure the central
tendency. Verifying the normality of the data is critical to meeting the requirements for
using parametric statistical tests. The standard deviation, skewness, and kurtosis of every
item in the survey instrument are identified. The minimum and maximum statistics for
each item range from 1 to 5. The mean for negatively stated item P7 is 3.08, whereas
the others ranged from 3.45 to 4.50. The standard deviation index (SDI) for all items in
this study ranges from 0.691 to 1.388. The SDI value for all items except P7 is below 1.25.
Therefore, the items are acceptable. The SDI value for P7 items falls between 1.25 and 1.49.
It is still acceptable for marginal performance. The skewness ranges from —2.234 to 0.009,
and the kurtosis ranges from —1.320 to 6.532. Hair et al. [44] stated that the data are normal
if the kurtosis ranges from 7 to +7. Brown [53] also said that when using SEM, acceptable
skewness values are between 3 and +3, while acceptable kurtosis values are between 10 and
+10. Therefore, the data in this study are normally distributed and meet the requirements
for employing parametric statistical tests, including SEM.

3.3. Research Hypotheses

Current generations are overwhelmed with many kinds of information. However, despite
the known knowledge, the waste issue is getting more critical by the day. What does it take
for one to practise sustainable, zero-waste, pro-environmental behaviour? Does technology,
particularly information technology, aid in the management of waste in a sustainable manner?
With the advancement of technology in the modern century; it is critical to find the relationship
between knowledge, attitude, value, and technology in fostering sustainable zero-waste PEB
practises. Figure 8 shows the research framework for this study:.
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Figure 8. Research Framework.

Hypothesis 1 (H1): Technology has a positive effect on disseminating knowledge.

Today’s technological advancements have resulted in many changes in human life.
Technology, particularly computer-mediated communication technologies, are information
technologies that enable, intensify, or broaden the interactions between individuals in
activities such as planning, designing, decision-making, or implementing a task [54,55].
Modern information technology aids in disseminating environmental information and is a
significant source of information for the community [56]. They did, however, underline
that the authority subject to the spread of inaccurate information should be considered. In
this study, technology is believed to have a positive impact on shaping knowledge.

Hypothesis 2 (H2): Technology has a positive effect on nurturing value.

There is limited literature on the effect of technology on value. The influence of
technology on values can be positive or negative, depending on living conditions and
the internalisation of values under these conditions. It is vital to strengthen and improve
the relationship between technology and values because, as technological society evolves,
people tend to gravitate towards a system devoid of their values [57]. According to a
new global survey performed by Lenovo, a large proportion of those polled believe that
technology has the potential to make people more understanding, tolerant, charitable,
and open-minded [58]. Building a society based on the relationship between values and
technology appears to be a viable approach. Therefore, it is believed that technology has a
positive influence on nurturing values in the university campus community.

Hypothesis 3 (H3): Knowledge has a positive effect on value.

According to Chan and Lau [59], a person’s environmental moral principles are heavily
influenced by their knowledge, and such values are instilled in individuals who engage in
PEB practises. Though, according to Sharot and Sunstein [60], knowledge has the potential
to influence people’s actions, emotions, and cognition in both positive and negative ways.
However, in this study;, it is believed that knowledge will positively affect the university
campus community’s environmental values.

Hypothesis 4 (H4): Value has a positive effect on attitude.

Attitudes are the proneness to act in particular ways with reference to the attitude
object [61]. While value is an affective domain of a human [31], which involves the
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internalisation of emotion and feeling. Value refers to the acceptance of a phenomenon or
behaviour with respect to its worth, excellence, usefulness, or importance. According to
Guagnano et al. [62], the relationship between values, beliefs, and intentions is relatively
free of the various constraints that interact with attitudes to influence behaviour. The
research findings by Jayawardhena [63] have shown that personal values were significantly
associated with a favourable environmentally friendly attitude. Therefore, the hypothesis
that value has a positive effect on attitude is proposed.

Hypothesis 5 (H5): Attitude has a positive effect on Zero-Waste PEB Practise.

Some earlier research has proven the positive relationship between attitudes and
behaviours. According to Kollmuss and Agyeman [27], individuals could only develop
positive environmental behaviours by altering their value, intrinsic motivation, and relevant
attitude. Pe’er, Goldman, and Yavetz [64] showed in their study that attitudes can positively
influence environmental behaviour. In a recent study by Liu, Teng, and Han [65], attitudes
have been discovered to have a considerable impact on PEB. Many research models have
shown that individuals must first improve their attitudes towards the environment before
they can change their behaviours towards the environment. Attitudes are believed to shape
zero-waste PEB practises on university campuses.

4. Conclusions

This study enriches the existing literature by uncovering how knowledge, attitudes,
and values interact and relate to the promotion of zero-waste PEB practises and how tech-
nology plays a role in closing the gap between the variables. The study shows significant
results, which support the initially proposed zero-waste campus. The framework had been
verified and validated by process in the quantitative phase. The positive relationships
between technology and knowledge as well as their shared values demonstrate the role
of technology as a significant predictor in fostering zero-waste PEB among the university
campus community. Technology through social technology, specifically social media, can
disseminate information fast and to a broad audience. The advancement of technology
provides exciting interactive content that can attract the audience’s interest. Furthermore,
social media is an excellent platform for sharing, and every member of the campus commu-
nity can learn from each other’s personal experiences on waste management. However,
technology did not stand alone. It necessitates the incorporation of other aspects. The
information must be accurate and beneficial. This information will turn into knowledge
that will instill values within oneself. Eventually, those moral principles will positively
influence attitudes. This attitude will shape the community’s zero-waste PEB practises. By
taking these variables into account, better planning on the university campus level can be
implemented, which will benefit environmental sustainability and help to make the vision
of a zero-waste campus a reality. This study is limited to university campus environments,
and the sample respondents are restricted to only three universities. Therefore, it is sug-
gested that it be carried out with more participating universities or tested on real cities in
Malaysia. As a result, resolving MSW issues on campus may be relevant and adopted at
the national level by the government to develop appropriate measures to increase public
awareness and participation in promoting PEB practises towards a zero-waste goal.
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Appendix A

Table Al. Zero-Waste Campus Questionnaire Item.

Construct Item Questions Score
1 2 3 4 5
K1 Municipal Solid Waste (MSW) is a collection of various household waste that is discarded after use.
K2 Zero-waste is a goal that encourages people to change their lifestyle to emulate sustainable natural cycles.
K3 Zero-waste aims for no waste to be sent to landfills, incinerators, or the ocean.
K4 Zero-waste is a continuous process that encourages long-term sustainability.
Part A: K5 Zero-waste means focusing on waste minimisation at the source.
Knowledge Ke6 Reduce, Reuse, and Recycle (3R) play an important role towards the zero-waste goal.
K7 Zero-waste approach conserves natural resources.
K8 Zero-waste approach can help reduce pollution.
K9 Avoiding single-use plastics can help reduce landfill waste.
K10 Food waste is a major environmental issue.

Environmental awareness is important to initiate the university campus community’s solid waste

Al
management towards a zero-waste campus.

A2 Having a zero-waste environmental policy would guide the university towards its zero-waste goal.

A3 Rewards can encourage the university campus community to practise zero-waste behaviour.

A4 Punishment can deter the university campus community from creating waste.

Part B: Attitude A5 The university’s solid waste management facilities can assist me in discarding my waste in a more

manageable manner.

A6 University top management inspires the campus community to practise organizational culture in pursuit of
a zero-waste campus.

A7 My participation in the university’s zero-waste community programmes encourages me to practise

zero-waste behaviour.
A8 My personal waste-related experiences have helped me gain a better understanding of waste issues.
Environmental education is important in encouraging the university campus community to practise

A9 zero-waste behaviour.
A10 Zero-waste awareness campaigns are still effective in encouraging the university campus community to
practise zero-waste behaviour.
P1 I practise a zero-waste lifestyle in order to minimise waste.
P2 I voluntarily joined the university’s zero-waste group to participate in their programme.
P3 T actively share zero-waste knowledge with others.
. P4 I often seek zero-waste information on my own.
Part C: Practise P5 T use the university’s solid waste management facilities to manage my waste better.
P6 I follow every waste management guideline issued by the university administration.
P7 I prefer single-use plastics when buying food and groceries.
P8 I'would participate in zero-waste activities if I were offered incentives.
Vi A zero-waste goal is important to guide the way to a successful zero-waste campus.
V2 Environmental education is important to achieve a zero-waste campus.
V3 Personal waste-related experience is important in establishing an individual’s zero-waste,
pro-environmental behaviour.
Part D: Value V4 A zero-waste environmental policy is required to guide the university’s effort to achieve a zero-waste
campus.
V5 Solid waste management facilities are important to achieve a zero-waste campus.
V6 Individual environmental awareness is important to achieve a zero-waste campus.
V7 Rewards are important to encourage the university community’s participation in achieving a zero-waste
campus.
V8 Punishments are necessary to deter negative behaviour on campus that could jeopardise the university’s
efforts to achieve a zero-waste campus.
Vo Promoting campus community participation in zero-waste activities is important to achieve a zero-waste
campus.
V10 The campus community needs to take on social responsibility to achieve a zero-waste campus.
T1 Information technology plays an important role in promoting zero-waste, pro-environmental behaviour

among the university campus community to achieve a zero-waste campus.
T2 Information technology is important in disseminating information on zero-waste.
Information technology has the potential to influence the university campus community to adopt

T3 , . .
Part E: zero-waste’s pro-environmental behaviours.
) Information technology helps the university’s campus community practise zero-waste and pother
Technology T4 . ;
pro-environmental behaviour.
T5 A zero-waste mobile application will help the university campus community understand zero-waste.
T6 Social media is a powerful medium of communication to promote zero-waste behaviour.
T7 Social media has widespread influence to promote zero-waste behaviour.
T8 Social media influencers are important in promoting zero-waste, pro-environmental behaviours.
T9 Social media creates social support for zero-waste, pro-environmental awareness.
T10 The viral nature of social media will enable positive zero-waste and pro-environmental awareness sharing.

Each item or statement is followed by five response options to indicate the extent to which respondents agree
with the given statement, with a score representing 5-strongly agree, 4-agree, 3-slightly disagree, 2-disagree, and
1-strongly disagree.
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